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PREF A CE .

account of the structure and acti vi ties of the Human Body,
which , whfle in telligible to the general reader, shall be
mona te, and sufi 0iently minute in deta i ls to meet the
requirements of students who are not making H uman

Inne also been diacnesed, though at first glance they may
neem lm fuhy treal:ed of than in many ßehool or College
Text-books of Physiology. Whoever will take the trouble.
however, to exam ine cri tically what pasees fox Hygiene in
the majofity of sueh casee‚ will l th i nk find that, when
correct

, much of it is plati tude or truism : since there is so
much &at is of importance and interest to he said it ßemu

hardly worth while to occupy space with insisting am the
eommonplaee or ohvioun.

It is hard to write book, not designed formecialista,
without running the risk of bei ng accused of dogmt tism.

and some readersv ill, undoubt, be inclined to think that, in
severnl inataneee, l have treeted as estahlished faebsmatten

anm ay ofoheern tions and argumentsoneaeh sideof emry
question , md, i n the majori ty of cases, the chief responsi
hility under which the author of text—hook l ies 18 to select
vhü seem to him the best suppm tedfi ews‚ and then to
mm them simply and conci5ely : how wise the choice ot

side hns heenineaeh oaee canonly he determinedhy the

diw eries of the future.
0then v ill‚ I am inclined to think , mise the m tnry
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'
AOE.

objection, that too many disputed matters have been dis
cussed : this was deliberately done as the resul t of an emeri
once inteaching Physiology which now extends over more
thanten years. It would have been comparatively easy to
slip over things stil l uneerta in and subjects as yet unin
veetigated, and to represent our knowledge of the workings
uf the animal body as neatly rounded off at all i ts contours
und complete i nall i ts detai ls— lolus, teres, cl rotamlus.

But by 80 doing no adeqnate idea of the present state of
physiological science would have been conveyed ; i n many
directions it is much farther travelled andmore complem
known than in others ; and, as ever , exactly the most ih
teresting points are those which lie on the boundary
between what we know and what we hope to know. In

gross Anatomy there are now but few points call ing
for suspens ion of judgment ; with respect to Micro.
seopie Anatomy there are move ; but treat ise onPhysiology
which would pass by , nnmentioned,

al l things not known
but sought, would convey an utterly unfai thful andnntrue
idea. Physiology has not finished i ts course ; it is not out
and dried , and ready to be leid aside for reference like
specimen in un Herberium ,

hat is comperahle rather to a
l iving. growing plant, wi th some stout and useful branches
wel l raised into the light, others but part grown, and
many st i l l represented hy unfolded buds. To the teacher,
momever, no pupil is mom discoumging thanthe one who
thinks there is nothing to learn; and the boy who has
“ finished” Lati n and done” Geometry fi nds sometimes his
counterpart i n thelad who has gone through” Physiology.

For this unfortunate state of m ind many Text—hm ks are, I
bel ieve

,
much to blume : difiicnltiee are too often ignored , or

open ing vistas of knowledge resolute kept but of view : the.
forbiddenregions may be, it is true , too rough for the young
student to he g uided th rough , or as yet pathless for the
pioneers of though t ; but the opportuni ty to mouse the re
ceptive mental at ti tude apt to be produced by the recogni
tionof the inet that much more stil l remains to be leam t
to excite the exemim of the reasmming facul ties upon dis
Dntedmatters—and,

_

insome of the be t ter mmds, to aronse



the longing to assist in adding to knowledge, is an inesti
mable advantage , not to be l ightly thrown aside through
the demre to make au elegantly symmetrical book. While
trust, therefore, that this volume contains al l the more
important [nets at present known about the working of our
Bodies, I 118 earnestly hope that it makes plain that very
much is yet to be discoverecl.
A work of the scope of the present volume is, of course,

not the proper medium for the puhhcationof novel facts ;
but, while the “ Human Body,” aeeordingly, profeeses to
be merely a compilation , the introduction of constant ref
erences to authoritiee would have been out of place. I
trust, however, that it wil l be found throughout imbued
wi th the influenee of my beloved master, Mi chae l Foste1 ;
and 011 various hygienic topics I have to acknowledge a

special indebtedness to the excellent series enti tled Health

The majori ty of the anatomical i l lustrations are from
Henle’s Anatomie des Menschen, and few from Arendt's
Schulatlms, the publishers of each fum ishing electrotypee

A eonsiderahh number , mainly hietologioal, are from
Qum

'

n’
s Anatomy , and a few figures are after Berußte1n,

Carpenter. Frey, Haeckel , Helmhol tz, Huxley, MeKen

drick, andWaadt. About thirty, ehiefly diagrammatie.

were drawn special ly for the work.
Qnantities are throughout expressed first 011 the metric
system , their approximate equivalente 111 American weighü
ahdmeasures being added 111 brackets.

H. Nm u . MAam .
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H UMAN B ODY .

CHAPTER I.

THE GENERAL STRUCTURE AND COMPOSITION
OF THE HUMAN BODY.

Defini tion: . The l iving human Bodymay be considered
from ei ther of two aspects. Its structure may be especial
ly examined, and the forms, connections and mode of
growth of i ts parte he studied, es also the reeemhlaueee or
ditferenees ineuch respects, which appear when it is com
pared with other an imal bediee. 01 the l ivi ng Body may
be more especially stnd1ed as an organism presenting defi
n ite properties and performing certainactions ; and then its
parts will be investigated with a v iew to discovering what
duty, if any, each 11116113 . The former group of studies
eonstitutee the science ofAnatomy, and111 80 far as it deals
with the human Body alone

,
of HumanAnatmny ; while

the letter, the scienee eoncem ed wi th the uses—or 111 tech
nical language the functions— of each part is known as
Physiology . Cloee connected with physiology is the
science of Hygiene, which is concerned wi th the conditions
Which are favorable to the heal thy action of the’

various

parts of the Body while the activi ties and structure of the
dßened body form the m hjeehmetteß of the sciences of
Pathology and Pathological Anatomy .

M en und Organe. Histology . Examined merely
from the outside, our Bodies present wnsiderahle com

plexlty of structure. We easily recognize distinct parts as
hel d, neek, trank and l imbs ; and in these again smaller



2 THE HUMAhV BOD Y.

consti tuent parts, as eyes, nme, cam, month ; arm, tore
ar111 , hend ; thigh, leg end foot. We can, wi th such
an external exami nation , go even fatther and reeognize

diflerent materials 88 enteri ng into the formation of the
larger parte. Skin, hair, 118 118 and teeth are obv iously
difierent eubetanees ; simple exam ination hy pressure
proves that inte rnally there are harder and softer solid
parte; while the blood that flowe from 11 out finger shows
that l iquid emmtituente also exist in the Body. The 0011

caption of complexi ty, which may be thus arrive<l at from
ex ternal observation of the liv ing, is greatly extended hy
dissection of the dead Body, which makes manifest that it
eoneieta of a great number of diverse parts or organs, which
in turn are bui lt up of a l im i ted number of ma ter ials , the
game material often entering into the composi tionof many
difl‘

erent 01g11115. These primary bui ld ing material: are
known as the Hamas, and that branch of anatomy which
deals wi th the characters of the tim es and the ir arrange
ment invarious organe is known as Histdogy; 01 , since it
is mnit carried 011 with the aid of the mieroeeope, ae
Microscopic Ana tomy . If, wi th the poet, wewmpare the
Body to a house, we may go 011 to l iken the tissues to the
bricks, stone, mortar, wood, iron , glass and 80 011 used in
bui lding; and then walls and floors, stein und windows,
formed by the comb ination of these, would answer to ana

Zoolog ieel Poei tion of Men. Ex tern ] exami nation of
the human Body shows also that it presents certain te

semhlanoee to the bodiee of many other ammele: head
and neck, trank and l imbe, and various m inor parte enter
ing in to them, are not at all pecul iar to it. Closer study
and the i nvestigation of internal structure demonstratee
further that these remmhhmces are inmany cases not 811
perficial only, but that ourBodies may be regarded as buil t
t1pe11 plan common to them and the hodiee of many
other creatnree: and it soon becomes further apparent
that this resemblance is greater between the human Body
and the ha l ies of ordinary four-footed bea ts, than between
it m d the hodiee of hirde, reptiles or flehes. Henee‚ from
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4 TIM HUMAN M Y.

onee, ineeete, or oysters, but agrees in m&ny points with
the groups of fiehee, amphibians, repti les, and hir1h .

These four are therefore placed with man and al l other
Mammaln in one great di vision of the animal k ingdon1
known as the Vertebrata. Themain m atcmioal character of
all vertebrate animals is the presence i n the trank of the
body of two cavi ties, 11 (101 8111 und ventml, eeperated by a

solid partition , and in the 11a ts of neerly all vertebrate
animals hard axis, the vorhbral column(backbone 01W o) ,
develope i n this partition and forms 11 central support for
the rest of the body (Fig. 2, ae) . The dersel cavi ty is een
tinned through the neck, when there is one, in to the head,
and there widens ont. The bony 3 1 18 is also con tinued
through the neok and extends into the head in a modified
form. The ventml cavi ty, on the other hand, is eonfined
to the trank. It contains the main organe connected with

Upon the ventral side of the head is the month open

ing leading i nto tube, the alimontary amd , f, which
paeaee back through the nee]: and trank and opens again
onthe outside at the posterior part of the latter. In ite
passage through the trank region this eanel lies in the
ventral cavi ty.

'I‘he l i ammelie. In many vertebrate an imals the ven
tral cav i ty is not subdivided, but in the Mammalia it is; 11
memlnanous transverse parti tion , the midrifi

'

or diap ltmm
(Fig. 1 , z), separating it in to an anterior cha t 01 lheraoic
eavi ly , and posterior or abdommal cam

'

ty . The alimeh
tery camel andwhatever else paeeee from one of thwe em i
ties to the other must therefore perforate the diaph ragm.

In the chest, besides part of the alimentary canal ‚ lie
important organs, the heart, 71, und Zunge, In, the heart
be ing on the ventral side of the alimentary cam ]. The

abdom inal cafi ty is mainly occupied by the alimentary
camel and organs eonnected with it and e1 meerned i n the
digestion of food , as the stomach‚

ma , the liver , 111, the
pm eas and the inta t1'ncs. Among the other more prom
inent organs in it are the k1'dneys and the sp lem .

In the dorsal cavi ty l ie soft white orgena, the brainmd



ep inal vwd, the former occupying i ts an terior enlargement
in the head. Brai n and spinal eord together form the
W WW mrvous em!re‚ but in addition to th is there
are found in the ventral cavi ty number of small nerve een

th their

eavitieeare lined hy smooth,
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moist
is the arachnoid ; that li ning the cheat the p lcura 3

that
lining the abdomen the
m m ; the abdom inal cav1ty is 111
em eeqnenoe often called the
itoneal cavi ty. Externally the
walls of these eavitiea are covered
by the skin, which eonsiste of two
layers enenter ho’rny layer
the ep idcrmtß, which ie
being shed onthe surface end te
newed from below end 3

Layer, cal led the derm1
'

e end een

teining blood, which the epider
mis doee not. Between the ekin
and the lining eemns memln*anm
are bonea, muadee (the lean of

meet), and a great number of

other structnree which we ehell

have to consider hereafter. All

cavities inside the body, as the
ahmentary camel and the air pee
eagee, which open directly or indi
rectly ou the surface are l ined by
soft and meist prolongatione 01
the skin known as mucous mm

1 4 11 „c brenac. In these the same two
m m sectionot the body . 18 found as i n the skin
the neurnl tuhe. fl th he upp er

ye are
enlargeuwnt tnthe ehull eavl bll1l the superficial bloodless one
3e

°
1;m7a

"
fi is called ep 1thelmm and the deep

th ü betw
„vfa

°

äf er one the cartum.

3336383 : Diagrammaticall1f we may rot»
resent the humanBody in longi
tndinal secti on as in Fig. where
na

' is the domal or neural e1xai ,

und 6 and a, respect ively, the
thoracic and abdominal snhdivi

mme

u
ibaommä

u

ä vtty w si ons of the ventral cavi ty ; d rep
m
‘b
fnmw resents the diaphragm sepemting
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the vertebral eolnrnnwi th i ts modifiedprolon
the head beneath the anterior enlarge1nent of

alimentary eanal open ing infront

rongh the cheat is represen ted
3 , where 2: is the nonrel canal
In the thom ic cavity are seen
part of the al iment ary canal

, a,

centree, ey ; the dotted li ne on
covering the i ns ide of the cheat well and the
the lung represen ts thep laura.

ng parts of any other Mam
al poin ts wi th these repre

«

euch arrangement of
is seen in the trank .

parts of one or more
4
, which represente

the elbow joint) , but
parte, ehiefly muscles,
The only cavi ties i n
are filled with l iquids
oohing finid known as
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tively, are not however characteristic of the limbe, fort they

and in their walls.

Chemi cal 00mpoei tianof the Body . In addition to the
]

study of the Body as composed of tissuee and organs which
are optically reeognizable, we may consider it as composed
of 11 number of different chem ica l enhehmees. This branch
of knowledge, which is still very incomplete, real ly presents
two clasees of problems. On the one hand we may l imi t
ourselves to the exami nation of the chem ical subetaneee
which ex1st th 01 may be denved from the dead Body, or,
if such a thing were poss ible, from the living Body en tire
at rest ; such a study is essential ly one of structure and
may be cal led Chemical Anatomy . But as long as the
Body is al ive it is the seat of constant chemical tran s
formations i n i ts material , and these are inseparably con
necm wi th its functions , the great majori ty of which are
i n the long-rnndependent uponchem ical changes. From
th is point of view, then , the chemical study of the Body
presents physiological problems, and it is 1181111] to include
al l the known facts as to the chem ical composi tion end

metamorphoses of l iving matter under the name of Physio
logica l Chemistry . For the present —we may eonfine our
selvee to the more important substeneee deri ved from 01

known to exist in the Body , leaving questions concerning the
chemical changes tak ing place wi thin it for consideration
along with those functions which are performed in connec
tion with them.
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E .emente Oompoeing the Body . Of the elemente known
to chenflets only sixteen have been found to take part in
the formation of the human Body. These em carbon

, hy
drogen, nitrog1m, oxygen , sulphur, phosphorns, ehlorine,
flnorine, si l icon , eodiun1 , potassium , li th ium , calcium ,

magnesium‚
iron. andmang1mese. Copper and lead have

sometimes been found insmall quanti ties but are proben
acciden tal and oceasional.

Uneomhined Elemente. Only 11 very small number of
the above elements exist in the bodynneo1nhined. Oxygen

18 found insmal l quanfity dissolved inthe blood ; but even
there most of it is in a state of loose chemical combination.
It is also found inthe cavi ties of the lange and al imentary
eanu1‚ being de1' ived from the inspired ai r or swallowed
with food and ealiva; but while contai ned i n these epwee

it can hardly he said to form a part of the Body. N itro
gm also exiete uneon1hined in the lange und al imentary
eenel, and insmall quantity insolution in the blood . Free
kydrogenhas also been found i n the al imentary ea11al, he
i ng there evolved by the fermentation of certai n feeds.
%emieel Componmh . The number of these which

may be obtained from the Body is very great ; but with re
gerd to very many of them we do not know that the form
in wh ich we ee: traet them is really that in whi ch the ele
mente they contain were united whi le inthe liv ing Body
since the methods of chemical analysis um such as always
b1'eek down the more complex fonns of living matter and
leave 113 only i ts debrie for examination . We know in
h et, toleranaecnrately, what eornponnds enter the Body
118 food and what finally leave it as waste ; but the inter
mediate condi tions of the elements contai ned in these ecm
p011n115 during their sojourn i nside the Body we know very
l i ttle about : more especially their state of combination dur
ing that part of their stay when they do not exist dissolved
in the bodi liquids‚ but form part of a solid l iving

For present pnrpoeee the chem ical eo1nponnde existing
in or der ived from the Body may be elaseified es organic
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und inorganic, and the tormer be subdivi ded in to those
which contai n ni trogen and those which do not.

fall in to several mein groups : p roteids , pop tom ,
albu

min1n
'

ds, crystallimt substancee, and coloring matters.
Proteideme by 1111 the most eharaeteristie substaneee oh

teined from the Body, si nce they are only known as ex ist
ing i n or derived from li ving things, ei ther animals 01°
plante The type of this elaee of bodies may he fom1din
the whi te of an egg , where it is stored up as food for
the developing ehiek ; from this typical form, which is
called 099 111611111111, the proteids in general are often called
aßuminom 60111218 . Each of them con tai ns carbon , hydro
gen

,
oxygen, 8111ph111‘, and nitrogen united to form a very

complex molecule, and al though difierent members of the
family difler from one anothex in m inor points they all

agree in their brand features and have 11 similar pereentage
composi tion. The letter i n di fferent examples appears to
very within the follom

'

ng limit11, but it is almost impoeeible
to get at1v one of them pure for analys is

52 to öt per wnt.

8111p11111 to

Preteids are recognized by the following characters : l .
Boiled , ei ther inthe solid state or insolution , with strong
ni tric ac id they give yel low liquid which heeomes orange
011nentrelizationwith ammonia. This is them nflto«

p rotctic

test.
2. Boiled with a solution containing subni trate andper
n itrate of merenry they give 11 pink precipitate, or, it in
very small quanti ty, 11 p inkm lm d solution . Th is is
known as Mi llon’s text.
3 . If a solution containing prote id be acidulated wi th
strong acetic acid and he he i led after the add i tion of an
eqnal bulk of a satnrahadwatery solution of sodina1 enl

phete, the proteid will be precipitated.
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protei de, the newest chemical alhes of which they seem
to be, they are only known in or deflved from living
heinge. 08111511, obtained from bones and l igaments by
hoiling , is typical albnm inoid; as is choudr1

'

n, which is
obtained sim ilarly from gristle. Macin, which gives their
glairy tenacious character to the secretions of the month
undnoee, is another albuminoid.

heterogeneous group, the great majori ty of them bei ng
materials which have done their work i n the Body and me
about to be got 1 111 01. Ni trogen enters the Body infeeds
for the most part inthe chemically complex form of some
proteid. In the vital processee these proteids are broken
down i nto simpler substanees; their carbon be i ng partly
combined with oxygen and passed ont through the lange
es carbon dioxide ; their hydrogen is sim ilarly in large part
combined wi th oxygenand passed ont as water ; while their
ni trogen , wi th some carbon and hydrogen and oxygen, is
usually passed ont 1nthe form of crystall ine compound ,
contain ing what ehemh te cell eu “

ammoni tun residue. ”

CO

Oi these the most impot is a rea (Carbam ide

which is el im inated through the kidneye Uric acid is an
other nitrogenous waste product, and many others, such as
kreat1

'

nand kreatinin, seem to be inharmodiete stages he
tween the prote ide which enter the body and the uree and

nrie acid which leave it.
In the hile 01 31111, two crystallizehle ni trogen-contai n

ing bodies, glycooholioand taurocltolic acids, 3 19 found ecm
hinedwith 801111.

601111 group whose constitution and origi n is ill known.

Among the most important are the following
Hamel in‚ derived from the red corpnseles of the blood

111which residue of it is combined wi th 11 proteid residne
to form heemoglobin.

Bilirubin and bc
'

le
'

verdin. which ex ist i n the bile ; the
immer predominating inthe hi le ot manand of omnive



FAT£ 0ABBOHYDRAT3 8 . 13

raus animals and giving it a reddish yel low color. while
bilimrdinpredominates in the bile of Herbivora which is
grow .

he conveniently grouped as hydrocarbomc 01 fatty hodies;
carbohydrates 01 amyloids and certai n non—azotized ea

'

ds.

Fate. Thefatsall contain carbon , hydrogen and oxygen ,
the oxygen being present in small proportion as compared
with the hydrogen. Three tete oeenr in the body in large
QIIQ IIÖ ÜOO, V12 . 2 palmam (Cetfi oooc), “MM (001H 1 1000) ‚
end ok i» The two former when pure are
whd at the temperature of the Body, but in it are m ixed
wi th olei n (which is liquid) in such proportions as to be
kept finid. The total quanti ty of mm i n the Body is sub
ject te great variations, but i ts average quanti ty in 11 man

weighing 75 ki lograms (165 ponnde) is about kilo
gra1ns (6 pounda).
Each of thwe tete when heeted wi th caustic alkal i , i n
the presence of water , hrealm up i nto 11 fatty ac id (stearicg
palm1

'

tic, or olo1k: 118 the case may be) und glyeere
'

no. The

fatty acid unites with the alkal i present to form 11 soap .

Oerbohydretee. These also contai n carbon , hydrogen
and oxygen , but there is one atom of oxygen present for
every two of hydrogen in the molecule of each of them.

0hemically they are related to stereh. The more impor
tant of them found i n the Body are the following
Glgcogm found in large quantities in the

liver, where it seems to be 11 reserm of material answeri ng
te the starch stored up by many plants. It ex iste insmaller
qm titiee i n the mnaeles.

l ooee‚ or grwpe enger which ex ists i n the
lim in smal l quantities ; also in the blood and lymph.
It is larg e derived from glycogen which is very readi
oonvefl ed into it.
1 1101113 , 01 muscle enger found in

muscles, liver, spleen‚ kidneys , etc.
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important is m rbomc diowide which is the form in

which hy far the greater part of the carbon taken in to the
Bodynlt

'

unately leavee it. Uni ted wi th calcium it is found
inthe hones and teeth in large proportion .

Form111, Aud io, and Butyric acid: also are found in the
Body ; stearic, palmitic, and oleic have been above men
tioned 118 obtainable from tete. Laoh

'

c acid is found i n the
stomach and develops in milk when it tnrne sonr. A body
of the same peroentage composi tion , C.H.O. (sarmlcc»

lie acid), is formed inm11seles when they work or die.
M id (OIHQPOQ) is obtained 011 thß

decomposi tion of kcithin, a complex ni trogenous fat found
innervous tissue.
Inorgen.ie Consti tuente. 01 the eimpler snbehmeee en
tering into the structure of the body the following are the
most important
Water ; i n all the tissues in greater or less pmportion

and forming about two thi rds of the weight of the whole
Body. A manweighing 75 k ilos (165 Ihe ), if completely
dried would therefore lose about 50kiloe(110Ihe. ) from the
emporationof water. Of the constitnents of the Body the
enamel of the teeth contains least water (about two per
cent) and the ealiva most (about per cent) between
these extremes are all i ntermediate etepe—bones contain ing
about 22 per cent, muscles 75, b lood 79.

Common salt— Sodium chb ride in all
the tissues and l iquids, and in many cases playing an
important part in keeping other snbstanees insoluti on in

Potassium rhlor1
'

de(KCI) ; inthe blood , mueolee, nervee,
and most l iquide.

Calcium phosphato i n the bones and teeth in
large quan ti ty. In 1088 proportion in all the other tissues.
Besides the above, ammoninrn chloride, eodinm and
potassium phosphatea magnes ium phosphate , sodinm 8111

phate, potassium sulphate and calcium flnoride have been
obtai ned from the body.

Uneombined Hydrocltlorio acid (HCI) is found in the
stomach.



CHAPTER II.

THE FUNDAMEN'
I
‘

AL PHYSIOLOGICAL
ACTIONS.

The Properties of the Li ving Body . When we turn
from the structure and composition of the living Body to
consider i ts powers and proper ties we meet with the same
variety end complexi ty, the most superficial exmnination
being entficient to show that i ts parts are endowed with very
diflerent facul ties. Light falling on the eye aronses in 118
a sensation of sight but fnlling on the ski n hae no such
eflect ; pinching the skin canses pain, hat pinching 11 hair
or nai l does not : when the m a are stepped, sounds
arouse in 118 no sensation ; we reedily recogn ize , too, hard
parts formed for support, joints to admi t of movements,
apertures to receive food and others to get rid of wastes.
We thus perceive that difierent ergans of our Bodies have
very diflerent endomnents and serve for very distinct pur
poses ; and here again the study of internal organs shows
113 that the varieties of qual i ty observed on the exte1'io1‘ are
but sl ight indications of differences of property which per
vade the whole, being sometimes dependent onthe specific
characters of the tim es eoueerned end sometimes upon the
manner in which these are combined to form various
organs. Some tissues are solid , rigid and of constant
shepe‚ as those composing the bones and teeth ; others, as
the mnaeles, are soft and capable of changing their form
and sti ll others are capable of worki ng chemi cal changes
hy which such peculiar 11111118 as the bite or the nehm are
pmdnee1h We find elsewhere number of tissues com

binod to form 11 tnhe adapted to rece ive food and carry it
through the Body for digestion, and agai n simi lar tissues
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diflerently arranged to receive the air which we bmathe in,
and expel after ahetmeting from it part of its oxygen and
adding to it certain other things ; and in the heart and
blood—veesels we find almost the same tissues arranged to
propel and carry the blood over the whole Body. The
working of the Body 068 18 clearly even more complex
mbjeet of study than its stm ctnre.

Phy siologieel Propertiee. In common with inanimate
objects the Body possesses manymerely physi cal properties,
88 weight, rigidity , elasticity, color, and 80 011 ; hat i n 1111

di tion to these we find i n it while alive many others
which it 08888 8 to man ifest at death . Of these perhaps
the power of executing spontaneoue movements and of

main taining a high bod i ternperatnre are the most
marked . A8 long as the Body 18 al ive it 18 warm and,
since the surrounding air is nearly always cooler, must be
loeing heat all day long to neighboring objects ; neverthe.

18 88 we are at the end of the day 118 wenn 8 8 at the begi n
ning

,
the temperature of the Body in heal th not varying

much from 0. (99
°

80 that clearly 0111 Bodies
must hemaking heat somehow 1111 the time. Afterdeeth this
production of heat 088 88 8 and the Body coole down to the
temperature i n i ts neighborhood ; but 80 1:10m 110 we

m iete with it the idea of wannth that the sensation
experienced in touching a corpse produces so powerful
an impresä on 8 8 commonly to be described 118 icy cold.
The other great charactmi etie of the l ivi ng Body is i ts
power of executing movements ; so long as l ife lasts it 18
never at rest ; even in the deepest slumber the regular
breathing, the t11p of the heart against the chest-wall ‚ and
the beat of the 1111188 tell as that we are watching sleep and
not death . If to this we add the possession of eonseions
118 88 by the l iving Body, whether amused by foreee im

mediately acti ng upon eenee—organs or not. we m ight de
acr ibe it 118 11 heat—producing, moving, eonecictm organistn.

The production of heat i n the Body needs fuel of
some k ind as much as its production in a fire; and every
time we move anmelves or external objects some of the
Body is used up to supply thenecessary working power, just



things , their great variety in the humanBody depending
upon special development and eomhinetion inditterent

688 1188 and organs ; and before attempting to study them in
their most complex forms it 18 advantageons

to exam ine them in their s implest andmeet
general ized mwüestatione 8 8 exhibi ted hy
801118 of the lowest l ivi ng things or by the
simplest eonati tnente of our own Bodies.
Celle. Among the anatom ical elements
which the histologist meets wi th 118 enter ing
in to the composition of the human Body
are minute gmnnler 1118 8888 of a soft con
sistence‚ about mi l limeter of an
inch ) in dim eter(Fig . 5, e). Imbedded in
each lies a. cen tral portion, not grannlar

the rest. These anatom ical uni ts are known
8 8 08118 , the granular substance be ing the °fw lh fm ntbo

cell body and the imbedded elearer portion
the cellnuelm s. Inside the nucleus may often he diet1

'

n

gnished still smaller body— the wucholus. Celleof this
kind exist in ahnndenee inthe blood , where they are known
118 the white blood corpuscleo, and each exh ibi ts of itsel f
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certain properties which are distinetive 01 all livi ng things
8 8 80111118 11811wi th inenimate objects.
Oell Growth . Inthe fimt pleee‚ eeeh sneh eell eantake

np materials from its outside and hni ld them up i n to i ts
own pecnhar substanee; and this does not 08 8 111 hy the
deposi t 01 new layers of material like i ts ownonthe surface
01 the 0811 (8 8 8 crystal might increase in 8 11 evapomting
solution of the 88 1118 aalt) but in 8 11 entire different way.

The cell takes up chemical elements, ei ther free 01 00m
hine11 i n 8 manner diflerent from that inwhich they ex ist
i n its own livi ng enb8t8nee‚ and works chemical changes
in them by which they 8 18 made in to part and pareel of
i tself. Moreover, the new material thus formed is not 118
posited ‚ at any rate necessari 01 always, on the surface
01 the old , but 18 18 111 down in the substance of the already
existing 8 8 11 among i ts consti tuent 111018011188. The new
formed molecules therefore contribute to the °growth 01 the
0811 not by superfich11 aocreüon, hnt by i ntersti tia.l deposi t
01 intww soep tion.

Cell Divinion. The i118 188 88 of 8188 , which may be

brought about in the above manner, is not indefinite , but
18 lim ited i n two waye. Alongside of the formation and
deposi t of new material there occurs always in the living
0811 8 breaking down and el imi nation of the old and when
this process equals the aecnmulationof new material , 88 it
11088 i n 811 the 88118 of the Body when they attai n 8 certain
size

, growth of course 088 888 . In fact the work of the 08 11in
01 88 888 8 8 i ts mass, and therefore 8 8 the cube of i ts 1118 1118

F10. 6.
—A whlte hdood 1188 18 dtfldtng , 118 ohnervedet meeeeetn tntem h

al 11 few seconds with th$croeeope.

ter ; while the receptive powers, dependent primar i upon
the snpe

‘

rficial 8 1 88 , only i ncrease 88 the square 01 the di
emeter. The breaking down i n the 0811 i ncreases when its
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pounth into simpler onen, sometimes called dim eimi latian,
is 88 invariable m living be ings 8 8 the bu ilding up of new

the assumption 01 nneombined oxygen from the exter ior ‚

which is then comb ined directly or indi rectly wi th
other elemente in the 08 11, 88 for example w hen ,
givi ng rise w carbon diox ide , or hydrogen produeing
water. In this way the molem le inwhich the w hen and
hydrogen previously ex isted is broken down , and at the
same time energy 18 liberated , which in 8 11 08 88 8 seems to
take in part the form of heat just 8 8 when 008 1 is burnt
in 8 fire, but may be used in part for other purposes such as
producing movements. The carbon dioxide 18 usually got
rid of by the same mechanism 8 8 that whi ch 881‘V88 to take
up the oxygen , and these two processes consti tute the
function '

of resp i rationwhich occurs in 811 l iving things.
Assim ilation and disassimi lation , going onside by side and
bei ng to 8 certai n extent correlative, are often spoken of
together 8 8 the process of nutr ition, 8 term Which there.
fore includes 811 the chemi cal transformations oecnrring in
l iving matter.
Contracti li ty . Nutrition and (with the above—mentioned
partial exception) reproduction characterize 8 11 living 01-8 8
tures ; and both faculties are possessed by the simple
11 8 c 08118 dready referred to 8 8 found in our blood .

But these cells p088888 8180 eertain other properties which ,
al though not 80 absolutely diagnostic, are yet very 0h8 18 0
teristie of l iving things.
Examined careq y with 8 m icrowope i n 8 fmsh-drawn
drop of blood , they exhibi t changes of form independent
of any pressure which might distort them ar otherwise
mechanically al ter their shape. These changes may 80818

times show them elves 8 8 0onstrictioxm ul timate leading
to the division of the 0811; but more 00mmon1y(Fig .

they have no such result, the cel l simply al tering i ts form
hy drawing in i ts substanee at one point and thrust ing it
out at another. The portion thus protruded may in turn
he drawn in and 8 process he thrown out G1BGW1‘IBN or the
rest of the 08 11may col lect around it and 8 fresh protm



1118 1118 11V1
'

8 these 08118 may ehm ge their place 8 1111 13e

801088 the fieldof the m icroscope. Such changes 01 101 111
from their close resemhlanee to those exhibited by them iere
800p

'

10an imal known 88 theAmwba (see Zoology) 8 18 08 11811
m aboid‚ and the faculty inthe l iving 0811 1111011 which they
depend is known 111 physiology 8 8 contractüity . It must
be hom e inmind that physiological contractili ty in this
888 88 is quite difierent from the 811—called contracti li ty of
8 stretched it1aia11—1 1111118 1 118 1111, which mere tends to te

888111118 8 form from which it has previously been forcibly
removed .

Irfi tabili ty . Another property exhibited hy these blood
08 118 is known as irr1

°

tabilüy . Ah Amwba coming into
contact wi th 8 solid particle 08 101118 18 11 to serve it 88 10011
will throw around it processes of its substance, 8 1111 grad
mal ly carry the foreign 1118 88 into its own body. The

amount of energy expanded by the animal under these
011011mst8 1108 8 18 al together disprowrtiouate to the force of
the external contact. It 18 not that the swallowed 11188 8

pushes 111 mechan ically the surface of the Am113ba, 01 11111
rows 111t0 1t, but the 111818 touch 8 1011888 inthe animal 8 11
activi ty qui te dieproportionate to the exci ting force

, and

compamble to that set free by 8 8p8 1k falling i nto gunpovv
der or by 8 ehght tap 011 8 piece of g1 m»eotton. It 18 this
d1m oportionbetween the exci tant (known

'

111 Physiology as

8 1111111111118 ) and the result, which
°

18 the 88880t1810118 1'80t6 1'

istie of 1
°

rfi t11bility when the term isused in8 phyüological
eonnection. The granq 08 118 of the blood 08 11 take
foreign matters in to them elves 111 exactly the same 1118 11

118 1 8 8 8 11 Ammba 1108 8 ; 8 1111 in this 8 1111 in other waya, 8 8
by contracting in to rigid spheres under the influence of

electr ical 8h00118 , they show that they 8 180 8 1 8 endowed
wi th irri tabi l i ty.

Conducti vity . Further, when 8 11 Ammba 01°0118 of these
1110011—08 118 comes into 0011t80t with 8 foreign body 8 1111

proeeeds to draw it into its ownsubstance‚ the activi ty ex
01ted 18 not merely displayed by the parts dctually touched .

Distant parts of the 08 11 8180 00—opemte, so that the 1111111»
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81108 of the stimulus isnot 1008 1 only, but in 110118013188108

of it 8 change 18 brought about in other parts, 8 10118111g
them. This property of transm itting disturbaneee 18 known
88 oomluctivity .

Final ly, the movements excited 8 18 not, 88 8 1 1118 , 18 11

110111. They 8 1 8 not 11 1 8g1118 1 008 V111810118 , but 8 1 8 8 118pb011

to att8 111 8 certai n end , being 80 comb ined 88 to bring the
external particle into the i nterior of the 0811. This cap»
ci ty of 8 11 the parts

°

to work together 111 118 1111118 strength
8 1111 sequence, 10 111161 801118 purpose, 18 known as eo-erdi

These four taeulties, irri tabi l i ty, conduct ivity‚ contractili ty ,
8 1111 co—ordination‚ 8 18 p0888 888 11 111 8 high degree by 0111
Bodies 88 awbele. If the i ns ide of the 1108 8 be tickled wi th
8 feather , 8 88 888 8 will be produced. Here the feather
toueh (881111111118 ) has called forth movements which 8 18

mechanically al together dhp10portionate to the energy of
the 0outact, so that the living body 18 clezrrly irritable.

The movemente, which 8 1 8 them elves 8 18 8 11118812111011 01

oontmctility , are not exhibi ted at the point touehed, but at
11101 8 01 1888 distant parts, among which those of 8 11110111811,
cheat, 8 1111 1808 8 1 8 visible from the exterior; 0111 Bodies
therefore possess physiological m davtivity . And finally
these movemen ts 8 1 8 not random, hut combined 80 88 to

produce 8 violent current 01 811 through the 11088 tending
to remove the irri tating object; 8 1111 in this we have 8

man ifestation of m rdination. Speak ing broadly, these
properties 8 18 111018 manife11t 111 animals than 111 plante,
though they 8 18 by 110 11188 118 absolutely 00nfined to the

former. In the 88 118111V8 plan t teaching 0118 leaflet wil l
exci te regular movements 01 the whole 188 1, and many of
the lower aquatic plants exhibit movements 88 active 8 8
those of animals. Ou the other hand , 110 0118 of these four
[801116 8 8 is absolute ly distincti ve of l iving th ings in the

way that growth by intussuscep tion8 1111 rep roduction 8 18 .

Irri tab ili ty 18 hat 11 8 8 1118 for unstable molecular equi l ibrium ,

8 1111 18 8 8 marked 111 nitroglyeerineas inany livi ng 08118 ; 111
the telephone the influence ort the voiee 18 conducted 88 8



molecular change along a 111d [1101111088 resul ts at 8

1118 1118 08 ; 8 1111many inanimate machines 8 110111 examples of
the 00-ordination of movements for the attainment of

definite 8 11d8 .

spontanei ty . There 18, however, 0118 character belongi ng
to 1118 1131 of the movements exh ibi ted hy 8 111 (B1)01d08118 , 111
which they appear at first sight to 111118 1 fundamentally
from the movements 01 inanimate objects. This character
18 their apparent spontaneity 01 aut1mmtioity . The 08118

frequently change their form i ndependently of any 18

cog nizable external 08 8 88 , while 8 1188 11 11188 8 at rest 8 1111
8 118018 11 011 from outside 1 8 1118 1118 at 1881. This (1158 18 8 118
18, however, only apparent 8 1111depends not upon any facul ty
01 spontaneous action pecul iar to the living 0811, hat upon
1ta nutri tive powers. It 08 11 he prove11 that any system of

material particles 111 equil ibrium 8 1111 at rest W111 forever
18 1118111 80 11 net acted upon by 811 external force. Such 8

system 08 11 0111 1y 011, 11111181 certain condi tions, 8 881 188 of

changes when once 8 start has been given ; but it cannot
1111t111te them i tsel f. Each l iving 0811 inthe lo11g- 11111 18 but
8 00111p18x aggregate 01 1110181111188 , 0001110886 in their turn
of chemical elements , 8 1111 if we suppose this whole set of

atom at rest 111 equi l ibrium at any moment, 1100h8 11g8 08 11
he started inthe 0811 from inside ; in other words, it W111
possess 110 188 1 spontanei ty. When , however, we cons ider
the 11 11t11b111ty of 8 11108110111 08118 , 01 , 8 1111188 8811 111 mech1m ical

terms, the unstable eq11111111111111 of thei r particles , it be
comes obvious that 8 very s light external 08 1188 , such 8 8

may entim 810118 0111 observation , may serve to set going
111 them 8 very marked 88 1 188 of changes , just 88 p1111111g
the trigger W111 fire 06 8 gun. Once the equi l ibrium of

the 08 11 has been 1118 hl 1‘b8 11, movements e ither of some of

its 00118 t1t118 11t molecules 01 of its whole 111888 W111 cont1une
until 811 the 111018011188 have again settled down into 8 stable
mm. But 111 l iving 08118 the 1 88 tt8 1111118 11t of th is et8 te 18
001111110111y indefinitely postponed by the reeeption of new

W 188 , food 111 0118 form 01 another, from the 8 1 18 1 101 .

The 1188 1881 approach t01t isprobably exhibi ted by the rest
1ng state into whi ch some ofthe lower 8 1111118 18 , 8 8 the wheel



the drying act ing by checki ng the nutritive processes,
which would otherwise have prevented the reattainment
of molecular equi l ibrium . A1] signe 01 movement or other
change 11188 pp88 1 under these 011011mstanoea, but 88 80011

88 water again 808 118 into the ir whatanee 8 1111 distn1be the
existing condition , then the 80—08118 11 spontaneous” move
menta recommenee. If, therefore, we use the term spo1a

teneity to express apower ina 1esting system of partielee 01

ini tiati ng changes 111 itself, 1t 18 pom d nei ther hy living
1101 110t 11v111g things. But ii we simply employ it to desig
118 te changes whose primary 08 1188 we do not recognize‚ m d
which 08 1188 was in many 08 808 long anteoedent to the

changes which we see, then the term 18 unohjectionahle 8 1111
conven ient, 8 8 it 88 1 1188 to express briefly 8 phenomenon
p1888 1118 11 hy many living th ings and 111111111g its highest
1118 111188 18 6011 in many human actions. It then , how
ever

,
no longer designates 8 property poe11lier to them . A

818 8 111—8 11g1110 with its fu rnace l ighted and water in its

boiler may be set 111 motion by opening 8 valve, 8 1111 the
movements thus started will continue spontaneously, inthe
above sense , until the 008 18 01 water 8 1 8 1188 11 up. The 1111

18 181108 between it 8 1111 the living 0811 118 8 not inany spon
taneity 01 the latter, but in its nutri tive powers, which
enable it 10 replace 0011t111111111y what answers to the 00818
8 1111 water of the engi ne.
Protop lasm . F11111111g 811 these properties p088888811 by

8 simple nucleated 0811, we are naturally 1811 10 inquire upon
what part of it 110 they depend? It 18 0188 1 that ii they 8 1 8
exhibited in the 8b88 1108 of any one it cannot be 888811

tial to their manifestation. Now 8 study of the lower
1111 1118 01 1118 shows us that these 1101781 8 8 18 i ndependen t of
the 08 11 1111018 118. 811108 we 111111 them all exh ibi ted hy 08118 in
which the 1111018 118 18 wanting. Moreover, inmany 08 88 8
not only the 1111018 118 hat 811 granulee 8 18 absent , 8 1111 yetwe
findthe remai ning 11188 8 nutri tive, reproductive ‚ irri table,
contracti le, 001111110t1ve, 00.01 111118 t1ve. 8 8 11 automati c. We
are thus driven to 00110111d8 that inthe 08800f the grauw
blood-08118 . these facul ties 8 18 most probably endowmente



of the transparent portions of the cel l body , i n which the
grannles l ie imbedded . This, the really working part of the
cell, is known as the cell p rotop lasm. The töle of the
nncleue and granules ao often present is not yet well
understood ; possinthe granules in many cases represent
incompletely assim i lated food .

What the actual chem ical consti tution of protoplasm is
we do not know, but it is one of great complex i ty. All
methods of chemical analysis destroy it, and whatwe analyze
is not protoplasm, which is always al ive—which is a form
of matter endowed with those properties which we cal l
vi tal— but a m ixture of the products of i ts decommsition
when it ceases to l ive. Such amixture is often called dead
protoplasm, but the phrwe is objectionahle as implying
contradiction . Wherever there is protoplasm there is l ife,
and wherever we meet with life we fin

_

d protoplasm, so that
it has been called the phys ical basis of life.” The name
protoplasm , too, is rather to be regarded as a general term
for a number of aloe e all ied subetances agree

'

mg wi th one
another chem ically i n main points, as the prote ids do, but
difiering i n minor details, inmnaequenee of which one cell
diflers sl ightly from another i n faculty. On proximate
analysis everymass of protoplasm is found to contain much
water and a certain amount of m ineral salts ; the water
being i n part constituent or entering into the structure of
the molecules of pmt0plasm , and in part proba n deposi ted
in layers between them. Of organ ic constituents proto
plasm always yields one or more prote ide, some tuts , and
eome starchy or eaccharine body. 80 that the original
protoplasm is probably to be regarded as contai n ing chemi
cal residues” of proteidn, fate, and cdrbohydratw, com

binedwith salte and water.
The Fundamental Phy siolog tcal Proper ties. Al l l iving



CHAPTER I I I .

THE DIFFERENTLATION OF THE TISSU
'

ES AND

THE PHYSIOLOGIOAL DIVISION OF EMPLOY
MENT3 .

This mil,
di vides or aogmonte and

M B.
momü, F. ß prodmaed.

a m cons isting of a number of similar units and called
the mulberry mm or the morula. At this period them,

long before birth , there are no distinguishuble tissues en
tering i nto the structure of the Body, nor are any organe
recognimble.

For a short time the morula incremos in size by the
growth and d ivision of its cells, but very soon new pro
oemes oocur which ultimam give rise to the complex
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any, provide his ownshelter‚ and defend himself from wfld
heu te er bis fel low—men. In the civ i lized country, ou the
other hand , we find agricul turists to raise food and cooke
to prepare it, tnilors to make clothes , and poli cemen and
soldiers to prov ide protection . And just as we find that
when distribution of employmen ts i n it is more minu te
the more advanced nation is in civ ilization , so is am ani

mal h igher ex lower i n the scale according to the degree in
which it exh ibi ts a divisi on of physiological duties between
i ts diflerent tim es.
From the subdiv ision of labor i n advanced communitiee
several important cmwequences arße. In the first phwe,
each mandevoting himsel f to one k ind of work mainly and
relying upon others for the supply of his other needs, every
sort of work gets better done. The manwho is constantly
making boots becomes more expert than one whose atten
tion is constantly distmctedby other duties, and hewill not
only make more boots i n a given time, but better ones ; and
80 wi th the performance of al l other k inds of work. In
the second place, a necessi ty arisee for a new sort of indns»
try

,
i n order to convey the produce of one individual in

excess of the needs of himself and h is family to those at a
distance who may want it, and to convey back i n return
the excess of the ir produce which he needs. The canriage
of food from the country to cities, and of city produce
to country districts, and the occupation of shopkeeping,
are instances of these new kinds of labor which ar ise in
civi l ized communities. In addi tion there is developed
need for arrangements by which the work of individuals
shall be regulated in proportion to the wants of the
whole community, such as is in part efieoted by the agency
of large employers of lahor who regulate the activi ties of
a number of ind iv iduals for the production of various
articles i n the different quantities required at different

Exactly similar phenomena result from the subdifi siou

of lah mi n the human Body. By the distr ibution of em
ployments between its diflerent t issues, ee0h one specially
doing one work for the general community and relying on
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the others tor the(r aid i n turn , each neoeaaary work is
better performed . And need ar ises for a distfibutive

mechaniem by which the excess products. if any, of various
tissues aha“he carried to others which require them, and
[or a regulative mechanism by which the activ ities of the
various tissues shal l be rendered proportionate to theneedz
of the whole Body at difierent times and under difiereut
ciroumstanoes. Accordingly

,
as we may classify the ih

habi tants of the Un ited States into lawyers, doctore, dergy
men, merchants, tarmere, and 80 on, we muy

Claasi the Tissues, hy selecting the most distinctive
properties of each of those entering i nto the construc

tion of the adult Body and arranging them into physio
logical groups; those of each group be ing characterized by
some one promi nent employment. No such classification,

however , can be more than approximately accurate , einoe
the same tissue has often more than one well-marked
physiological property . The following qrrangement, how
ever , is pmcticaliy conven ient.
l . Undiflbrenüated 'l‘iaauea. Theee are composed of

cells which have developed along no one special l ine, but
retai n very much the form and propert ies of the cells form
i ng the very young Body before diflerent tiseuee were te

cognizable in it. The lymph corpusnles and the colorless
oorpuscles of the blood belong to th is class.
2 . Supporting Timuee. Inclnding cartna (gristle),

bone, and connecti ve (issue. Oi the latter there are several
m bsidiary varieties , the two more important being white
fibrm conm tive (issue, oompmedmainly of colorless ih
extensible (ihm , undyellowfibrous tisw e, composed mainl

_

v

of yellow elastic fibres. Al l the supporting tissues are used
in the Body for mechanical purposes : the bones and carti
htgee form the hard framework by which softer tissues are
supported and protected ; and the connective tim es uni te
the various bones and cartilages, form investing mem

hranes around different organs, and in the form of fine

networks penetrate the ir substanee and support the ir con
stitmnt cells. The functions of them t issues be ing for the
most part to passive res ist stra in or pressure , none of
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them hanany very marked physiological property ; they are
not

,
for example, i rri table or contractile, and the ir mass is

ehiefiy made up of an intereellular enhetaxwe which has
beem formed by the ac tiv e living cells sparsely eeattered
through them , as for instance i n cartilage, Fig . 42,

' where

the cells are seen imbedclml in cavi ties in a matrix which
they have formed around them; and wh ich ma trix by i ts
firmnew and elastici ty forms the functionally importan t
part of the tim e.
8 . Nutri ti ve Timm This is a large group, the mem

here of which ful l into three main divisione, viz. :

Awimilalwe (hm , eoneeruedm receiving and prepar
ing food materials, and including—(a) Secretary tissues ,

cumposed of cells which make the digesüve liquids peumd
into al imentary camel, and bringing about chem ical or other
ehangee in the feed . (b) Rocep tive (issues, mpresented
by cells which line parts of the al imen tary canal and take
up the digested food.
E?iminative er

.

m relory tissuex, represen ted hy 06118

in the kidneys, skin, and elsmvhere, whose main bus iness
it is to get rid of the waste products of the various parte of
the Body.

Resp iralory (issues. These are coneem ed i n the gas
eous interchunges between the Body and the sum unding
air. They are consti tuted by the cells lining the lange
and by the colored eorpuscles of the blood.
As regards the nutri tive tissues it requires%pecially to be
hom e inmind that although such classifieationas is here
given is useful, as helping to show the method pursued in
the domestic economy of the Body, it is only imperfect
amd large artifieial. Every ce ll of the Body is i n i tself
ass im i lative, respiratory, and excretory, and the tissues
in t his class are only those eoneem ed i n the first und

last interchnnges 01 material between it and the ex ternal
world. They provide or get rid of substances for the
whole Body, lem it the feeding and breath ing and exere«

tion of its indiv idual tissues to be ultimately looked after
hy themselves‚ just 8 8 even themandarin described hy Robin
son Creme who found his digni ty promoted hy having

P. 101.
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sem nts to put the food into his month , had finally to
swnnow and digest it for himse lf. Moreover, there is no
logical distinction between a secretory and an excretory
cell : each of them is characterized by the formation of cer
tainsnhetaneee whieh are poured out ona free mrfaee on

the exteflor ex interim of the Body. Many secretory cel ls
too have no eeneem wi th the digeetion of food , as for
example those which form the team und sweet.
W Tim e. The Body does not live frum hand

to month : it has always in heal th a supply of food materials
aeenmulated in it beyond i ts immediate needs. Th is l ies
i n purt in the individual cells themselves , just as i n pres
perons community nearly every one will have some l i ttle
pocket-money. But apart from this reserve there are cer
tain cells, sert uf eapitaliete, which store up eonsiderahle

quanti ties of material and censtitute what we will cal l the
storage tissues . These are especially represented by the
li ver—eells end fat-eelle, which contain in health reserve
fund for the rest of the Body. Since both of these , to
gether wi th secretory and excretory cells , are the seats of
great chemical activi ty, they are all often called metoboliv

5. Irri table Tineueo. The mai ntenance
,
or at any rate

the best prosperi ty‚ of nation is not fully seem ed when a
divis ion of labor hm taken place i n food-supply and food
distribution employments. It is extremely desirable that
means shal l be provided by which it may receive informa
ti on of external changes which may effect it as a whole ,
euch as the pol icy of fore ign countries ; or which shal l en
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whose busi ness it is to ascertai n and eommunieate to the
whole, external changes which occur around it. Since
the nsefnlness of these tieenes depends upon the readiness
wi th which slight eauses excite them to activi ty , we may
call them the t

'

rritable tissues.

8 . Oo-ordinating and Automatic Tissuee. Such infer
mation as that collected by m inisters inforeign parte or by
meteorological observere, is usual ly sent direct to some cen
tral office from which it is redistribute<i ; this were red i s
tributien is, however, inmany cases but a smal l part of the
work carried onin such oflices. Let ns suppose informa

tion to be obtai ned that an Indian chief is eolleeting his
menfor an attack on emne point. The news is probably
first transm i tted to Wash ington, and it becomes the duty
of the executive emeers there to employ certainof the con
etituent un its of the society in such definite work as is
needed for i ts protection . Troops have to be sent to the
place threatened ; perhap-s recru its enlisted ; food and

elothes, weapons and ammun ition must be provided for
the army ; and 80 on. In other words, the work of the
various elaseee composing the society has to be organized
for the common good ; the more spread ing the news
of the denger would alone be of l ittle avail. 80 i n the
Body : the information forwarded to certain wntree from
the irri table t issues is used in such a way as to arouse to
orderly activi ty other tissues whose servi ces are required ; we
find thus i n these eentres group of co-ordina ting tissm ,

mpresentedbynerve
-cella and possinby certa in other con

sütnents of the neu e centres. Certain nerve-cells are also
automa tic in the physiological sense already pointed out .
The h ighest manifestation of th is letter faculty, shown
objectiv e by muscular movements , is subjectively known
as the “ will , a state of eonscionsness; and other mental
phenomena, as sensations and emotions, are also associated
with the activ ity of nerve-»mlls l y ing inthe brain. How it

is that any one state of a material cell should give rise to a
particular state of eonsciousness is a matter qui te beyond
our powers of conception ; but not real ly more se than how
it is that every portion of matter attracts every other por



tien aeoording to the law of inverse equares. In the
liv ing Body, as elsewhere in the nnivm e, we can study
phenomena and make out their re lations of sequence ex

cc-existence ; but why one phenomenon is aeeompanied by
another, why in fact any cam e pmdueee en effect, is a

matter qui te beyond our reach in every case ; whether it be
a sensation aeeompanying a molecular change in nerve
eell, or the fal l of a stone to the ground inobedienee to the
law of gravi tation .

7. Hotor M oe. These have the wntractility of the
original protoplasmic masses highly developed. The more
important are ciliated cell: and muscula r Iism . The for
mer li ne eertaineurtaeee of the body, and poesees on the ir
free surfaces fine threads which are i n constan t movement.
One finds such cells, for example (Fig. 47°) l ining the ia
side of the windpipe , where the ir threads or cilia serve, by
their motion , to sweep any finid formed there towards the
throat, where it can be coughed up and get rid of. Mus
eular tissue oeeurs in two me in varietie& One kind is
found i n the mnaeles attached to the bones, and which are
used in the ordinary voluntary movements of the body.

It is composed of flhres which present croee-stripes when
vi ewed under the microscope (Fig. 53 t) , and is henee
known as striped or striatedmmeular tism e. The other
kind of muscnlar tim e is found in the wal ls of the
dimentary eanal and some other hollow organs, and een

s
'

mts of elongated cells (Fig. 55t)whieh present no cross

striation It is known as p la in or unslrialed musoular

The-oells enemerated under the heading of “ nndifier

entiated tissuee
”
might also be i ncluded among the motor

tism ex, since they are capable of changing their form.

the nerve fibrcs, elender threads formed by modification
and fusion of cel ls, and having the eondnctivity of the
ammboid cel ls of the morula highly developed ; that is to
say , they readi transm i t molecular distarhences. When
the equil ibrium is npeet at one end

,
nerve—fibre wi l l

transm i t to its other molecular movement known as

°P. 115.
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and so oenexeite inturnpmüdistant
from the original exci ting force. New e-fihms place , on

the one hand, the irri table tissues in connection with the
automatic , eo-ordinating‚ and sensory ; and on the other
put the three letter in communication with the mnecular,
secretory

, and other ti ssues.
9. Protecti ve 'I'isauea. These cons ist of certai n cells

Iining cm*

ities ins ide the body and called epühelinl nella,
nnd cells covering the whole exterior of the Body and
forming ep idmvm

'

s, fun
°

rs‚ and M ile. The enaa which
covers the teeth belongs also to th is group.

The class of protective ti ssues is, however , even more
ertificial than that of the nntritive them a

, undmnnmt he

defined hy posi tive characters . Many epithelial cel ls are
secretory

,
excretory, er receptive ; and cil iated cells have

already been included among the motor tissues , ulthm1gh
from the fact that the movemen ts of their cil ia go on

i n separated cells and independently of recognizable exter
nal stimul i , they m ight well have been put among the au
tomatic. The protective tissues may be best defined as
including cells which line free BMW , und whose func
tions are mainly mechanical or physical.

in the production of new individuals, and in the human
Body are of two k inde, located in diflerent sexes. The
conjunction of the products of each sex is necessary for the
origination of oflspring , since the ovum, or female pro
duct wh ich directly develope in to the new human being,
l ies domumt unti l it hae Menfertilized or acted upon by
the product of the male.

rions tissues above enumerated ferming the bui lding mate
rials of the Body, anatomy is primari eoneem ed with
the ir structure, and phys iology with the ir properties, If

th is
,
however, were the whole mutter, the problems

of anatomy end physiology would be much s impler
than they actually are. The knowledge about the l iving
Body obtained by studying only the terms and functions
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to take into neconnt the m angemm t of all flwse parte

within it, and also i ts connections with other orgnne of the
Body. The physiology of any muscle must take into ae

count the actions of all these parte working together and
not mer e the funct ions of the mnseular fihres thm selvee,
and has also to make out under what conditions the muscle
is excited to activi ty hy changes inother orgena, andwhat
changes i n these it bringe about when it works.
Phy siologieel Meehaniems. Even the study of organs
added to that of the separate t issues does not exhaust the
whole matter. In factory we frequently find machines
arranged so that two or more shel l work together for the
performance of some one work : a steam-engi ne and loom
may, for example, he connected and used together to wem e
earpets. S imilw i n the Body several organs are often
arranged to work together 30 as to at ta in same one endby
the ir united actions. Such combinations are known as
physiological apparatum . The eirenlatory appm tne, for

example, consists of various organs (each in turn composed
of several tissues) knownas heart , arteriee‚

capil laries
,
and

veins. The hea rt forms a forceq mmp by which the blood
is kept flowing through the whole meehaniern, and the
rest, known together as the blood-vessels , distribute the
blood to the various organe and regnlate the supply accor<t
ing to the ir needs. Again, inthe visual apparatnswe find

the eo-operation of (a) a set of optical instruments wh ich
bring the light prooee6ing from external objects to 11 teens
upon(b) thentina , which contains highly irri table parts ;
these

,
changed by the l ight, stimnlnte (0) the op tic nm e,

which is c<mductive and transm i ts disturhance wh ich
amnsee finally (d) sensory parte in the brain. In the pro
dnetionef ordinary sight sensatione all these parte are cen
cem ed andwork together as a visual apparatus. Se, too,
we finda rem1

'

m iory apparatw ‚ eoneisting primarily of two
hollow organs, the Image, which lie i n the cheat and oem

municate by the windpipe with the back of the th roat,
from which air enters them. But to complete the respi
mtory apparatue are many other organs, hones , mnscles,
nervee, nndnm e—eontres, which work together to renew



Whale col lection of bodi ergans agreeing i n structure
wi th one another is often epoken of as a system ; all the
muscle8 , for example, are grouped together as the muscular
system, and al l the hones as the om ous system, and 80 on,
wi thout any reference to the diflerent uses of difierent
mascles or bone& The term system is, however, often used
as eqnimlent to appemtusz

"
one reads indifierently of the

oirenlatory system
”
or the cirenlatory apperatus.

”
It

is better, however, to reserve the term system for a collee
tion of organs c]aesed together onaccount of simi lari ty of
structure ; and “ apparatus” for a collection of orgnns cen
sidored together onaccount of their cm perationto execute
one function . The former term w il l then have an anatemi
eal, the latter a physiologi cal , significunce.

The Body as Working Wh ole . F inally it must all
th rough be hom e inmind that not even the most complex
system or apparatus can be cons idered altogether alone as
an independently l iving part. Al l are uni ted to make one
l i ving Body, inwhich there is throughout mutual inter
dependence , so that the whole forms one human be ing, in
«ham the circulatory, respiratory, digestive, seneory, and
other apperatnses are eonstantly influencing one another,
each modifying the activi ties of the rest. This i nteraction
ts mainly brought about through the conductive and
ordinatiug tissues of the nervous system , which place al l
parts of the Body in communication . But in addi tion to
this another hend of union is formed by the blood , which
by the cimnlatory apparatus is carried from tissue to t issue
and orgen to organ, and se , bringing materials derived in
one region to dietant parts, enables each organ to influence
all the m t for gmdor ill.
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Besides the blood a nother l iquid, called lymph, exista in
the Body. It ia con tained in vessels distinct from those
which carry the blood , but emptying into the blood- vessels
et certain points. This l iquid being also in constant move
ment forms another ageney hy which pmdnets are carried
from part to part. and the welfare or ill—fare of one member
enabled to influence all.



CHAPTER IV

THE INTERNAL MED IUM.

The External Medium . During the whole of li fe i nter
ehm gee of material go 011 between every li ving be ing and
the external world ; hy these exchanges material particles
that one ti1ne constitute parts of inanimate objects come
at another to form part of a l iving be ing ; and later on
these same atom . after having been a part of a l iving cell ,
are passed ont from the Body in the form of l ifeless com
ponnd& As the feeds and wastes of var ious l iving things
difler more or less , 80 are more or less difl'

erent envimn

mente sui ted for their ex istence ; and there is aecordingly
a relationsh ip between the plante and animals l iving in
any one place and the conditions of air, earth , and water
prevaili ng there. Even aueh simple unicellnlar animale as

the amceha l ive only in water or mad contai n ing i n 80111
t ion certai n gases and, i n suspension , solid food particles ;
and they soondie if the water be changed e i ther hy essen
ti1nlly al tering i ts gaees 01

° by tak i ng out of it the solid feed .

80 i n yeast we find unieellular plant which thrivee end

multiplies only inq uids of certai n composi tion , and which
inthe absence of organic compounds of carbon in solution
wi l l not grow at all. Each of these simple l iving things.
which corresponde to one only of the innnmernble cells
composing the f11ll-g1mm human Body, thus requires for
the manifestatlanof its vi tal properties the presence of
m undiug medi um sui ted to i tself the yeast would die ,
or at the best l ie donnent‚ i n l iquid con tain ing only the
solid organic particles on which the amceba livee; and

the ameaba would die in euch solutions ae those in whi ch
yeast thrives heat.



40 m M AN BODY.

The Internal Medi um . The same close relationship
between the l iving be ing and i ts env ironment, and the

same cycl ical interchange between the two which we find
in the ameebe and the yensbeell, occur al so i n even the
most complex l iving heings. When , however, an animal
comes to be emnposod of many eells, so1ne of which are
plwed far away It em the surfam of i ts body and 80 from
immediate contact with the environment, there arisee a new
need—a necess ity for an internal medium or p lasma which
shal l play the same part toward the individual cells as the
snrronnding air, water, and food to the whole animal . This
internal medium kept in movement, and rece ivi ng at some
regions of the bodi surfaces materials from the exterior,
whi le losing other substances to the exterior at other anr

faees, thus forms 3 sort of m iddleman between the in
dividual tissues and the snrronnding world , and stands i n
the same relationship to each of the cells of the Body as
the water in wh ich an amceha l ives does to that animal or
beer-wort does to 11 yeastwcll. We find accordine the
human Body pervaded by a. l iqu id plasma, contain ing gasee
and food material insolution , and the presence of wh ich is
necessary for the mai ntenance of the life of the tissues.
Any great change in th is medium wil l effect injurionely
fevvor many of the groups of cells inthe Body, or may even
cause the ir death ; j ust as al tering the media i n which
they l ive wil l k ill anamcehnor a yeast-cel l.
The B lood. In the human Body the internal medium ia

primar i furnished by the blood, which , as every one
knows, is red l iquid , very widely distr ibuted over the
frame‚ sinee it Howe from any part when the sk in is out
through . There are in fact very few portions of the Body
into which the blood is not carried. One of the exeeptions
is the epidermis, or ente r layer of the sk in ii a cut be

made through it only ‚ le1wing the deeper ski n-layers ih
taet, 110 blood wi ll flow from the wound. Heim and m i ls
also contai n no blood. In the i nterior of the Body the
epithel ial cells lining free surfaces , such as the i nside of
the alimentary em ml, conta in no blood , nor do the hard
parts of the teeth , the carti lages, and the retraeting media
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the eye (seeOhap. X XXL) , but these interim parte are
moistened wi th liquid of some kind , und nnlike the opi o
dermis are protected from rapid evaporation . All these
bloodless parte together form a group of non—vaecular
M ; they alone exwpted, wounding any part of the Body
will be followed by bleeding.
Inmany of the lower animals there isno need that the
liquid representing the ir blood should be renewed very
mp

=idly indiflerent parte The ir cel ls live slowly, and so

require het l i ttle feed and produce but li ttle waste. In a

see anemone . for example. there isno special arrangement
to keep the blood moving ; it is just pushed about from
part to part by the general movements of the body of the
animal . But in higher animals, especially those with an

elevated temperature, such anarrangement, or rather ah
eenee of arrangement, as this would not enffice. Inthem
the eonetitnent cel ls l ive very fas t, mak ing much waste and
using much food , and ao al ter the blood in the i1° neigh
borhood very rapidly. Besidee, we have seen that in00111
plex unimals certain cells are eet apart to ' get food for the
whole organism, end certa in others to finally remove i ts
waetee, and there must be a sure and rapid interchange of
material between the feeding and excreting tissues and al l
the others. This can only be brought about by a rapid
mm ment of the blood in definite eent se , and this is ne
complished by shutting it up in closed set of tubes

, and

plaeing somevvhem pump, which constantly takes in
btood from one end of the system of tubes and forces it
out again into the other. Bent by this pump, the heart,
through all parts of the Body and back to the heart
again, the blood gets food from the reteptive cells, takes it
to the working cells, carries off the waste of these letter to
the excreüng cel ls and so the round goes on.

The Lymph . The blood , however, l ies everywhere in
closed tubes formed by the vaecular system,

and does not
come i nto direct contact wi th any cells of the Body except
th ose wh ich Boat in it and those which l ine the interior
of the hlood—vessels. At one part of i ts course , however,
the vessels through which it passea have extremely th in
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eoats, and through the walls of these mp illar ies liquid
trensndee from the blood and bathes the various tmsnee
The transuded liquid is the Iymph, and it is this which
forms the imma linte nutrient plasma of the tissues execpt
the few which the blood me istens directly.

Dinlysim When two liqu ida con tain ing ditferent mat

ters i n solution are separated from one another by 11 me ist
animal membmne, nn interchange of material Will take

place under certain condi tions. II A be 11

vessel (Fig. 9) eompletely div ided vertieallx
by aueh membrane, and a soluti on 01 com
mon sei t in water he plwed on the side
anda solution of enger inwater onthe side
0, it wi ll be found after a time that como

sal t has get in to a and some enger in to al

though there are no visible poree in the part i
tion. Such an i n terchange is said to be due
to dialysis or 03m03 1

'

3 , and if the pmeesewere
allowed to go 011 for some hours the same

proportions of ealt und enger would be found in the sole
tions oneach side of the dividing memhrane.

The Renov a] of the Lymph . Osmotie processes play a

great part i n the nutri tive prceeesee of the Body. The
lymph presen t in any organgives up things to the cells there
and gets things from them ; and so, although it may have
or iginally been toleranlike the l iquid part of the blood , it
soonacquires different chem ical composi tion . Difiusion

01
° dialysis then commences between the lymph outside and
the blood inside the capi llaries

, and the latter gives up to
the lymph new materials i n place of those which it has lost
and takes from it the waste products it has received from
the tissnee When this blood thus altemd by exchanges
wi th the lymph gets again to the neighborhood of the re
eeptive cells, having lest some food materials it is poorer
inthese then the richly suppl ied lymph around these ce lls,
ai1d takes up a supply hy dialysis from it. When it reeehee
the excretory organs it has previene picked 11p 11 quantity
of waste matters and losee these hy dialysis to the lymph
there present

,
which is special ly poor i n such matters,

m 9.
—A dl.»
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andwhich , besides wntnining a store of new food metten
for the lymph , earriee ofi the wastes which the various cel ls
have poured into the letter, and thus is also a sort of sam ge
stream into which the wastee of the whole Body are pri
mari collected .

Microe00pi o Charakters ot B lood. If finger be

pricked , and the drop of blood flowing ont he rece ived 011
glass slide , covered , protected from emporation, and ex

aminedwi th microseope magnifying about 400diameters ,
it wi ll be seen to cons ist 01 innun1erahle sol id bodies float

ing in liqu id . The sol id hodies are the blood mmuoclos,
and the liquid is the bloodp lasma 01° liquor sanguinie.

The ompnsclee are not al l alike. While cnrrents sti l l
exi st in the frest spread drop of blood, the greatmajority
of them are readi carr ied to and Im ; hat a certain num
ber m0re cmnmenly stick to the glass and remai n in one
place. The former are the red, the hatte: ° the pala 01° mier

B ed00rpuselee. Form and Size. The red eorpnselesas
they Gent about frequen tly seem to very in form , but by a

little attention it canbe made out that th is appearance is
due to their turning round as they fl0nt, and 80 presenting
ditferent aspects to view ; just as silver dollar presents a
different outl ine according as it is looked at from the front
01

° edgewise 01° i n three-qnarter profile.

Sometimee the corpnecle (Fig. 10, B ) appears circular ;
then it is seen in full face sometimes li near and

shghtly narr0wed in the m iddle ; sometimes oval , as the
dollar when half-way between a ful l and side view.

These appeeraneee show that each red corpuscle is a circu

lar disk, sl ightly hollowed in the m iddle (or bi concave) and
about four times as wide as it is thick . The average trans
verse diameter is millimete1° ineh).— Oohnz

Seen singly each red corpuscle is of a. pale yellow color; it
is only when collected in maeses that they appear red .

The blood owes i ts red color to the great numbers of these
bodies init; if it be spread out i n a very thin layer it, too,
is yellow. The layer must, however, be very th in or the
6101) will still look rcd 011 account of the immense number



of these corpuecles present ; i n enhic mill imeter

near the enter
th is prek ely d immer een

amd the previously

This diflerenee i n appearaneedoesnot i ndicate the presence
of a central part 01° nucleus diflerent from the rest, hat is
anoptical phenomenon due to the ahape of the corpuscle,
i n eonsequenee of which it note l ike a l i ttle hieoneave lens
(see Physi cs) . Rays of l ight pass ing through near the
centre of the corpuecle are refracted difierently from those
paning through elsewhere ; and when the nücroscope is



46 THE HUMAN BODY.

and vice versa ; thus when the eentml parte look br ight ,
those around them look 0bmnre, and the eontrary.

There is no satisfacte ry ev idence that these eorpuseles

have any enveloping see or oell-wall. All the methods
used to bring one into v iew under the m icroscope are aueh
88 would eeegulate the outer layers of the subetanee com
poeing the 00rpneole and 30 make nnertificial envelope.
80 far as optical analynia goes, then, each corpuscle is ho.

mogeneous throughout. By other means we can, however,
show that at least two materials ente1° in to the structure
of each red corpuecle. If the blood be dih1tedwith several
times i ts ownbulk of water andbe then exam ined wi th the
m icroscope‚ it wi ll be found that the red corpuscles are eo]
0rle33 and the plasma colored. The dilution has caused
the coloring matter to pass 011t 0£ the corpnseles anddie
solve i n the liquid. This eolming eonsti tnent of the cor
pe sole is hwmoglobin, and the colorleee residne which it
leaves behind andwh ich ewells up into a ephere inthe di
lnted plasma is the str0ma . In the living corpuscle the
two are in timately m i ngled throughout it, and 80 long as
this is the m e the blood is opaque ; but when the coloring
matter dissolves i n the plasma, then the blood becomes
transparent, or, as it is called, laky . The difierenoe may
be very well seen hy eomparing 11 thin layer 01 fresh blood
di luted with ten times its volume of ten-per—eent ealt se
lutien with a sim i lar layer of blood di luted wi th ten vol.
nmee of water. The watery m ix ture is a dark transparent
red ; the other, in which the coloring matte r still l ies in
the cmpnsclee, i s a. brighter opaque md.

— Oonaiatem y .

Each red corpuscle is a soft jelly- l ike mass which canbe
readi cm shed out of Shape. Unless the pressure be such
as to rupture it, the 00rpusele immediately reassumes i ts
proper form when the external force is removed. The cor
pnselesare , then , higt elast ic ; they frequently canbe seen
much dragged out of shape i nside the vessels when the
eircnlation of the blood is watched in a l iving animal
(0hap. but immediately springing back to the i1°nor
mal form when they get a chance.
Blood-»Ory otala. Hmmoglohini5, as above shown , readi



im iee-oold watery solution have one fourth of its volume
01 cold alcohol added to it and the m ixture be put ine re.

trtgemtor tor twenty-fonr hours, 11 part of the hmmoglohin
Will often eryatnflize ont und sieh to
vessel , where it can be

hemoglob in of the rat is
less sola e than that of
man, and therefore crys
tellizee ont especially
easi ly ; but these hzem0
globin crystaln. as

they are often cal led ,
blood-oryatals, can be

obtai ned from human
blood. In 100parts of
dry human red blood
corpnwlee there are 90of hzemoglobin. The hmmogl0bin
is the essential consti tuent of the red blood eorpnnelee„
enabling them to pick up large quanti ties of oxygen in
the lange und carry it to all parts of the Body. (See Ree

pimtion. )
m oglobin eontains eonsidemble quanti ty of iron,

much more than any other proximate constituent of the
Body.

m Oolorleeo Blood Oorpuoclee (Fig. 10, F, H,

The rolorkss, pale , or white corpm lea of the blood are
.
tar

lese numerous than the red ; in heal th there is on the ave
rage about one whi te to three hundred red

,
but the pro

portion may very considerably. Each is fine gmnular

and eonsiets of a soft mass of protoplasm enveloped in110

definite eell-wall , but contain ing a nnclens. The grnnnles
In the pm teplnem mmmonly hide the nucleus i n frech

Pte . ll .- Blood -cnutnh . ar hm oglobln
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eorpu5ele, but dilute acetic acid dissolves most of them
und bringe the nucleus into v iew. These pele oerpueeles
belong to the group of nndifierentiated t im es anddifler in
no important reeognizahle character from the cells which
make up the whole very young human Body, nor indeed
from such annnicellular animal as anAmmhe. Like the
latter, they have the power of slowly changing the ir form
sponttmeously, and so have not the definiteness of outl ine
which belonge to the red corpuscles. At one moment

(Fig. 12) a pele corpuselewill be seen
as spheroidal mass; a few seconds
later processes wi l l be seen radiating
from this, and soon after these pro
cesses may be retracted and others
thnmt ont ; and so the eorpnecle goes
ou changing i ts ehape. These slow
a:mwboid momnents are greatly pro

m moted hy keeping the spec imen of
ca ch e f

‘
e

h
‘

; blood at the temperature of the Body

w m
of form due to m while under exam ination . By thrust.

i ng out a process on one side, then
drewing the rest of i ts body Up to it, and then sending out
a process again on the same s ide, the corpuscle canslowly
change i ts place and creep across the field of the m icro
scope. Inside the blood-vessels these corpuscles execnte

qui te similar movements ; and they sometimes here right
through the capiflary walls and, getting ont into the lymph
spaees, creep about among the other tim es. This m igra
tion inespecially frequent i n inflamed parts, and the p as
01

° matter
” which collecte i n aheeeeees is larg emade up

of whi te blood corpa es which have i n th is way get out of
the blood-vessels. The size of the white corpuscles is not
80 constant as that of the red ; ou the whole, however, they
are larger. their average dim eter be ing abou t milli
1neter (W inch ) . The general properties of those cor
pnecles h :_uve already been descr ibed in Chap. II .
Blood of Oth er Animals. Inal l animals with blood the
pale eorpneelee are pretty much al ike, but the red corpus
elea

,
which with rare exceptions are found only° i n Verte



E stolog y of Lymph . Pure lymph is a colorless watery
looking liquid ; examined wi th micmeeope it is seen to
contai n numer0ns pale eorpuecles exactly l ike those of the
blood , and 110 doubt larg e consisting of pale blood oor

pnwlee whieh have emigrated . It contains none of the
red empnseles. The lymph flowing from the intestines
dur1ug chgeetion is, es already mentioned , not colorless
b11t whi te and m i lky. It is knownas chgle andwill be
considered with the process of digestion. During fasting
the lymph from the intesti nes is colorless l ike that from
other parte of the Body.



CHAPTER V .

THE OLO
'

I
‘
TING OF BLOOD.

The Ooemflntion of the B lood. When blood is first

dmwn from the l iving Body it is perfectly l iquid . flowing
in any direction as readi as water. This wndition is,
however, only temporary ; ina fewm inutes the blood be«

comes viscid end sticky, and the viscidi ty becomes more
and more marked until , after the lapse of five 01° six min

utee, the whole mass sets into jelly which adheres to
the vessel containing it so that thismay be i nverted wi thout
any blood whatever be ing spilled . This stage is known
as that of gelatinizatimz and is also net permanent In
a fewm inutes the top of the jelly- l ike mass will be seen
to be hollowed 01° “

cnpped
” and inthe concav i ty wi ll be

seen a small quantity of neerly colorless liquid , the blood
serum. The jelly next shri nks 80 as to pull i tself looee
from the eides and bottom of the vessel contain ing it, and
as it ehrinks, squeezes ont more and more serum . Ulti
mately we get a sol id dot, colored red , and smal ler insize
than the vesse l inwhich the blood coagulated he t retain
ing i ts form , floating in quantity of pale yel low sem m.

If, however, the blood be not allowed to coagulate inper
feet rest, a certain number of red corpuscles Wi l l he ruhhed
out of the clot into the eerum and the letter wi ll be more
01

° lese reddish . The longer the elot is kept the more sernm
wi ll be obta ined : if the first quanti ty u uded he decanted
08 and the clot put as ide and prote e from evaporation ,
it will ina short time be found to have shrunk to a smaller
size and to have pressed out mom serum ; and th is goes on
118 long as it is kept, until putrefactive changes commence.
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may be removed, and the pure fibrinthns obtained is per
fectly white and in the form uf highly° elast ic thneads. It

is insoluhle inwater and indi lnte w ide, but ewelle up to a
tmnsperont jelly in the letter. The whipped" 01

° “ defi

brina ted blood” from which the fibrinhas been inth is way
removed, looks j ust l ike ordinary b lood, but has lost i ts
power of em ulating spontaneonsly .

m am ma . That the red corpa es are not an
m entiel part of the elot, but are mer e mechan ically
caught up in it, seems clear from the m icroseopie ob

m vationof the process of coagulation ; and from the fact
that perfectly formed fibrincan be obtained free from cor

puselee hy whipping the blood and washing the th reads
which nä here to the twigs. Under certain conditions ,
moreover, one gets naturally formed elot containing no
red eorpnseles in 0ne part of it. The corpuscles of human
blood are a li ttle heav ier, bulk for bulk, than the plasma
inwhich they floet; henee, when the blood is drawn and

left at rest they ein!: slowly in it; and it for any reason the
clotting takes place more slowly 01° the corpuscles sink
more rapidly than 11811111, 11 eolorless top stratu1nof plasma,
with no red corp1wcles in it, will be left before gelatinim
tion occurs and steps the further sink ing of the corpuscles.
The uppermost part of the elot formed under these cir
cmnstaneee is colorless 01° pale yellow, and is knownas the
bufiy coat; it is especial ly apt to be formed in the blood
drum from febrile patien ts, and was therefore 11 point to
which physieinne paid much attention inthe olden times



which terms bright red eomponndwith the coloring mat
ter Of the red eorpuecles. If the clot he turned upside down
and left for 11 short time, the previously dark bottom layer,
now exposed to the air, wi ll bewme bright ; and the previ
ou£ ly bright top layer, now immersed in the eemm, Wi ll
became dark.

Uses of Coagulati on . The clott ing of the blood is 80

important a process that i ts cause has been frequently ih
veetignted; hat 118 yet it is not pedectly understood . The
hving ci rcu lating blood in the healthy;° blood vessels does
not clot ; it eontaine no sol id fibrin, but th is forms m it,

sooner 01° later, when the blood gets by anymeans out of the
veseels 01° ii the lining of these is injn1ed. In this way the
months of the small vessels opened in ent are elogged up ,

and the bleeding, which would 0therwi&ego 011 i ndefin itely,
is stopped . Se, too , when a surgeon ties up an arte1'y he
fore dividing it, and the tight l igature crushes 01° teure i ts
dehonte inner serince, the blood clotewhere this is inj11md,

and from there 11 coagnlnm is formed reaehing up to the
next highest branch of the vessel . This becomes more and
more sol id , and by the time the ligature is removed has
formed a

‚
firm plug in the ent end of the artery

,
which

grestly diminishes the risk of bleeding.

The Fibrin M ore . As regards the formation of
fibrinthe following points seem to be made out with toler
able eertainty. Freah-dmwn blood contains 01° develops
two substances, fibrin0p l<wtin nnd fibrinogen, which by
their i nteraction form fibrin, under the influence of 11 th ird
body caHed the fibrinferment moreover, fibrin is 01113

°

formed it 11 certain proportion of neutral m ineral selts ,
811011 118 are found dissolved inthe blood p lasma, is present.
Blood eernm does not clot of i tself at ordinary tempera

mres: it conta1ne fihrinoplestin and fibrin tennent and
the requieite quanti ty of seits, but not the fitninogen; that
which originally ex isted in the plasma hav ing apparently
heen need up with the proper proportion of fibrinoplaetin

to form fibrin, leav ing over nn excess of fibrinoplaetin in

solution inthe sernm .

011 the other hand, the q nids found in the envitiee 01



the Body whi ch are lined by eeronsmembranes, commonly
contai n fibrinogenand the salte hat no fibrinoplastin, and

therefone they do not coagulate spontaneonsly. But if 11

l i ttle blood eern1nbeadded to one of these liquids, eoegnh1
tion takes place.
Artifletel Clot. II se1

°
t1t11 be sl ightly diluted wi th water

and kept ice« cold while a. stream of carbon diox ide gas i s
passed through it for some hours, a whi te precipi tate is
thrown &0w11 which conta ins fibn

‘

fi5plastin and the fibrin

ferment. Th is precipitnte after washing may be dissolved
incold water eontaining the merest traee of caustic potash .

If the l iquid moisteni ng a eerous eavi ty he treated in 11

sim i lar way preeipitate is formed , contai ning fibrinogen

i nstead of the fibrinoplastin, and hnt l i ttle of the fer1nent.
If this preeipitate he washed nnddissolvedtmehthe 80111tion
be added to the solution of the hlood4ernmj 1reeipita%
no elot is formed ; but if about 0110per cent of eodie ear
bonate 01° other neutral ealt be added to the m ixture, then
it clots. This shows the neeeseity of the sel te‚ which is
perhaps better proved inanother way. I! semm he put in

a dialyzer (see Physics) with dist illed water on the other
side of the membrane, al l the sal ts will gradually pass out
from the serum into the water : as the last portions of
them pass ont, the fibrinoplastin and ferment , which are
“
oolloids

”

(that is , bodies which wi ll not d ialyze), are pre
eipitated; they may be redissolved by the addition of a

twee of caustic potash . Sim ilarly the salts may be te

moved from the l iqu id obtained from scrous cavity, and
the precipitated fibrinogenredissolved. If these solution s
be now mixed no elot is formed; but ii the sei ts which have
been dialyzed out, or an equivalent portion of other nen
tral salt8 , be added to the m ixture. it will elot.
The Fibrin Forment. The activi ty Of the ferment it
proved as follows : If sem m he diluted with 11 large bulk of
water and then carbondiox ide gas he passed through it,
fibrinoplestinwill be pree ipitnted, with li ttle 01

° none of
the ferment. If this fibrinoplnstinhe di ssolved and added
to the l iquid from 11 serons cav i ty it will not cause it to
elot, 01° only very slow ly, according es no fibrinferment 01°



but a l i ttle is present. But if some of the ferment be
added , then the m ixture coagulates rapidly. The fer1nent
may be obtained by adding a large quantity of strong al

eohol to some fresh blood serum. The alwhol precipi

tntee albumen , fibrinoplasfin, and the ferme11t. The pre
eipi_tate is let stay under alcohol for some months, during
which time the albumen and fibrinoplastinare al tered so
118 to become insoluble inwater. The ah>ohol is then de
canted OH und the residne treated with water which die
solves the ferment. This solution added to the above
m ixture containi ng fibrinoplnstin, fibrinogen, and sel ts,
will make it clot.
Oi these four bodies which play a part inthe coagule
tion of the blood, the fihrinopleetin and fibrinogen pri
mari determine the quantity of fibrin formed. The fet
1nent seems to act 011 them insome way 80 118 to make them
i nternet, but it does not enter into the fibrin; it is not need
up in the process, and the quantity of fibrinformed is thus
independent of the quantity of the fer1nent present ; but
the more of it there is, the more quick ly does the coagnle
tion ocean The part the salte play is ohecnre : proba n
part of them are necessary eonstituents of the fibrin, since
1t leevee a large proportion of ash when burnt. Bet they
seem to act in some other way when present in certain
pmpmtions, since too large peroentege of them steps
eoegulation as completely 118 their total aheenee. If fresh
blood be m ixed wi th an eqnal bulk of 11 saturated solution
of magnesium sulphate (Epsom ealte) 01

° of commongalt ,
it will not clot ; but if this m ixture be larg e dünted with
water, then clotting will take place.
Exci ting Cannes 0f0003 ulation. The above facts show
clearly enough that the coagulation of the blood is a

physi ca—ehemieal process, but stil l leave nnexplainedwhy
it does not 000111° incirculating blood inside healthy blood
vessels. It is, in fact, much eas ier to point ont what are
not the proximate reasons of the coagulation of drawn
blood than what are.
Blood when removed from the Body and received in 11

venel comes to t est, coole, and i s exposed to the air, from
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which it may rece ive 01° to which it may give ofl gaeeone
hodiee. But it is easy to prove that none of these three
th ings is the eanee of eoagnlation. Sh rring the drnwn
blood and 80 keeping it inmovement does not prevent but
bestens i ts coagulation ; nnd blood cz1refnlly imprisoned in
a l iving hloed—vessel , and 50 kept at rest, will not clot for a
long time : not unti l the i nner coat of the veseel beging to
change from the went of fresh blood. Secondly, keeping the
blood at the temperature of the Body bestens eoagnlation.

and eooling retards it; blood rece ived into an iee-eoldveseel
and kept anf reunded with iee will elot more elowly than
blood drawn and left expoeed to ordinary temperatures .
F inal ly, if the blood he collected over mercury from
blood-vessel, wi thout havi ng been exposed to the air even
for an instant, it wil l still clot perfectly well .
The formation of fibrin is then due to changes taking
place in the blood i tself when it is removed from the
hlood-vessels ; elotting depends upon some rearrangement
of the blood conetituente. There is 11 good deal of reason
to bel ieve thet what 000a is break ing up of 11 number
of the colorless eorpnscles; that these then form fihrin0»

plastin and fibrin forment, and, the fibrinogen and seits
already existing in solution in the blood plasma, fibrin is
formed . When finide which conta in no red corpuscles
elot, 118 for i nstance vaeeine lymph , the first threads of
fibrin developed con be seen under the miere-scmpe to
radiate from the pele 001111130101! present.

röle of the vessels with respect to coegnletion when the
blood isflowing inthem two v iews are held , between wh10h
the facts at present knowndo not perm i t a decisive judg
ment to be made. One theory is that the ve& ele active
prevent ecegnlationhy constan tly absorbing from the blood
some substance, 118 for example the fibrinfem ent, which
may be supposed constantly to develop, and the presence
of which is a necessary condi tion for the formation of
fibrin. The other v iew is that the hleod-vessels are passive
and completely neutral . They simply do not exci te those
ehnngee in the blood constitnente which give rise to the
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ected the hlmd-vessels, the blood clots in them ;
but often very slowly, s ince the venela only gradual ly alter.
Irthe Body he left in one posi ti on after death , the elote
formedinthe heart have often marked hnfiy coat, because
the eorpusclee have had a long time to sin]: in the plasma
before coagnlation occurred. In medico- legal cases it is
thus sometimes poss ible to say what was the posi tion of a
oorpee for some hours after death , al though it has been
submnently moved . The lymph clots l ike the blood , but
not so firmly ; si nce it contai ns no red cmpnsolee, the clot
formed is of course colorless.
Comp osi ti on of the B lood. The average specific gravi ty
of human blood is 1055. It has an alkal ine neaeti0n,

which becomes less marked as eoegulationoccurs. About
one half of i ts mass consists of moist corpuseles and the
remai nder of plasma. Exposed in vacuum, 100volumen
of blood yield about 60of gas consi sting of a m ixture of
oxygen , carbondiox ide, nnd n itrogen.
Chemi stry of the Serum. The blood plasma cannot wel l

he exam i ned as to i ts chem ical eonstituents, since it elots
under manipulation. The eernm is, however, essentially
blood plasma m inus fibrin, and from an analysis of it we
can draw eonclnsions as to the plasma In 100parts of
eernm there are about 90parts of water

,
of prote ids

,
and

of tete, sei te, und othe1° lese-known sol id bodies. Of

the proteids presen t the most abnndant is serum album1
'

n,
which egreee with egg albuminincoagulating whenheated
80 that sernm when boiled sets i n to anopaque white mass,
just as the white of an egg d0ee. Chem ically, serum albu
n1indiflers from egg album ininbeing coagulated by ether
and physi ologically, in the fact that although present in
such large quantities in the blood , it does not pass through
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the kidneys, whereas egg albuminwhen injecteti i nto the
blood-vessels 01 an animal is mpidly ew eted hy thwe
organs. Inheal th the tete are only present in the eernm
in smal l quantity exeept after a meal nt which fntty ent»
stances have been eaten ; sem 1nobtained from the blood 01
an animal soonafter such a meal is often m ilky in appear
ance from the te te present, instead of be ing perfectly 00101
1038 01

° pale yellow
,
and transparent as it is after testing.

The seits dissolv inthe semm are mainly eodinm chloride
undcarbonate ; bu t small quanti ties of sodinm , calcium,

and magnesium phosphates are also present.
Ch emistry of the Red00rpuselee. In theee inthe fresh

meist state there are in 100 parts, 56 of water and44 of
solide. Of the sol ide about one per cent is sel ts, chiefly
potassi um phosphate nnd chloride. The remai n ing organic
sohds eontein, in 100parts, 90of hmmoglobinand about 8
01 0the1° protehls; the res idue consists of less well-known

Chem i stry of the Whi te Corpuaelee. These yield be
eidee much water, several pm teids, some tete, glycogen
(see Chnp. and sel ts ; nnd smaller quantities 01

0the1° bodie& The predom inant mlte, like those of the red
eorpuselee, are potaseiutnphosphates.

Rcmarks. The above etaten1ente refer only to the average
composition of the heal thy blood , and to its better known
eonetitnente. From what was said in the last chapter it is
clear that the blood flowing from any organwill have lost
01

° gained , 01
° gai ned some th ings und lest others

,
when

compared wi th the blood which entered it. But the losees
and gains inparticular parts of the Body are insuch small
amount as, wi th the exception of the blood geses, to elude
analysis for the most part : and the blood fi o1nall parte
being m ixed up inthe heart, they balance one another and
produce 11 telerat constant average. Inheal th, however ,
the specific gmvity of the blood may very from 1045 to
1075; the red corpuscles also am present ingreater propor
tion to the plasma after meal than before it. Healthy
sleep inproper amount also increase ; the proportion of md
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cees of alterat ion 01° removfl , and 10rmation ; their 11a
is targ e increased hy tak ing food, even more than that of
the red , so that thei r pmportionto the red risee, from 1

to 1000d111°111g testing, to 1 t0 250 01
° 300 after a meal .

They no doubt multiply to 11 certai n extent hy di vision
while cimnlating inthe blood , but the majori ty e01ne 110111
the lymphaüe glands and simi lar structures (see Chap .

XX II. ) found in many parts of the Body, which 0011

tain many cells l ike pele blood corpuscles, and often in
process of division. From these orgnne the eorpnecles en
ter the lymph—veesels and are carried 011 into the blood.

From the capillary bloed—veswls many aga in migmte , and
it is probable that these emigmnte take part fmqnently in
the repair 01° regeneration of injured tiesuee. Being nn
difierentiated and special ized to no line of work t hey are
ready to take up any that comes to hand , andmay be 00111

.

m ed to the young menina community who have not yet
selected an oeenpationand are onthe lookout for anopen
ing. Onthe other hand there seems li ttle dm1bt that 11
great many white eorpuscles give rise to red once, and thi s
is perhaps to be regarded 118 their Special function . The

eorpnecles 01 nearly al l invertebrate animals are colorless
only, although the blood plasma of some contai ns hwmoo

globin in soluti on . Amphioxus , the lowest undouhte<l

vertebrate animal (see Zoology), also poeeemee only colorless
corpuscles in i ts blood. But h igher and more complex ani
mals need more oxygen , and 118 blood plasma diseelves

very li ttle of that gas, they develop inaddi tion the hmmm
globine entaining corpuscles which pick it up inthe gills
er lange und carry it to all parts of the Body . leavi ng it
wherewanted see Ohap. XXV. In cold-bloodedvertebrates
the red corpuscles are not nearly so many inproportion 113
in the warm-blooded , which use far more oxygen. The

older view waa that the mam1nalian red eorpnecle rem
sented the nucleus of one of the white , inwhich heemog10
hinhad been formed and from ahont which the rest of the
m rpnscle had disappeared . This, however, does not seem
to be the case ; but the pale corpuscle develepe 01

° forms
hm oglohin in i ts cell protoplasm, end Hat ten: and as
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enmee the form of a red eorpneele,while its nucleus diese
pears. Occasional ttaneitional forms between the pale and
the red corpa e are seen in blood when exam i ned wi th
the microee0pe; and if blood be put fresh 011 a cold slide
nnd examined ina cold room these transi tional forms are
more numemns, ainee at ordinary temperatums they very
rapidly break downand fall to pieces when blood is drawn.

How long ani ndividual red corpuscle lasts is not known.

ner with certainty how 01
° when it dieappmre. There is ,

however, some reason to believe that 11 great many are de
stroyed inthe splee11 (see Chap.

Chemistr y of Lymph . Lymph is colorlees fluidwhen
pam, feet alkal ine , and wi th 8p00ifi0 gravit_v of about
1045. It may be described 88 h100dm inus its red corp1weles
and eonsidemhly d iluted , but of course invarious parte 01
the Body it will contai n m inute quanti ties of snbetan0ee
derived from ne ighboring tissues. It contains a considera
hle quantity ot carbon dimcide gas which it gives up in
vacuum‚ but no oxygen . since any of that gas which passen
in to it by di tfneion from the blood ie i1nme<üately pielced
up by the living tieeuee among which it flowe.
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THE SKELETON

animal includes all its han] protecting 01° supporting parts,
and ismet wi th intwo mainforms inthe animal k ingdom.

First as an m ekadondeveloped inconnect ion with eithe1°

the superficial 01° deeper layer of the skin, nnd represented
by the shel l of 11 0111111 , the seales of fishes, the horny plates
of a turtle, the hony plates of anarmadillo , and the feathers
01 hirds. In manthe exoskeleton is but slightlydeveloped,
but it is represented hy the heim, nai ls, end teeth ; for 111
though the latter l ie wi thin the month

,
the study of deveh

op1nent shows that they are developed from an oflshoot of
the sk inwhich grows in and lines the month long before
hirth . Hard pante formed from structures deepe1° than
the skinconstitute the mdmkeleton, which inmanis highlv
developed andeonsiste of 11 great many bmws and cartilagex
01

° gristles, the honee form ing the mass of the hard frame

work of the Body, while the cartilages finish it 08 at vari
ous parte. This framework is what is eonnnonly meent by
the skeleton , and it primari supports the softer parts and
is also arranged so 113 to surronnd cav i ties inwhich delieate
organs, as the brain, heart , 01° spinal cord , may l ie with
safety. The skeleton thus formed , however, is completed
nnd supplemented hy another made of the conmctiva tiss ue,
which not only, inthe shape of tongh bands 01° ligaments,
t ies the bones nnd cartilages together, but abo invariou
forms pervades the whole Body as 8 sort of euheidian

skeleton running through al l the soft organs, forming net
works of fibres around the ir other constitnents; so that it
makes, as it were , 11 micreeeopie skeleton for the ind ividual
modified cells of which the Body is so large eompoeed.
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and also forms purtitions between the mnselee, cases for
each orgnns as the l iver and kidneys, and sheathe around
the blood—vessels. The bony and eartilaginons framework
wi th i ts l igaments m ight be called the Skeleton of the
organs of the Body, und this finer supporti ngmeshwork the
skeleton of the tissues. Bes ides forming 11 support inthe
euhstanee of various organs, the mnneetive tissue is also
„(tonleid downas sort of paeking material inthe creviees
between them ; and 80 wide is it distributed everywhem

from the sk inoutside to the lining of the alimentary canal
mside, that if some sch eut could be employed wh ich would
eorrode away all the rest and leave only this tissue, a very
perfect model 01 the whole Body would be left ; someth ing
like 11 skeleton leai , ” het far more m inute in i ts trneery.

The B ony Skeleton(Fig. If the hard framework
of the Body were joined togethe1° like the joints and hea1ns01
11 house , the whole mass would be rigid ; i ts parte could not
move with relation to one another, and we would be nn
eh1e to m ise 11 hand to the month 01° put one foot before
another. T0 allow of mob il i ty the h0ny Skeleton is made
of many separate pieces which are joined together

,
the

points of union bei ng cal led articnlaüons, and at many
places the bones entering i nto an articulation are movably
hinged together, forming what are knownas j oinls. The
total number of bones in the Body is more than two
hundred in the adult ; and the number inch ildren is st il l
greater, for various honee which are d istinct in the ch ild
(end remai n distinct throughout l ife inmany lower animale)
grow together 80 118 to form one bone in the ful l-grown
man. The adnlt bony skeleton may be described 118 een

sisti ng of an axial skeleton found inthe head , neck , and
trunk ; and an appendicular sbeleton, consisting of the
bonee inthe l imbe and in the etches (u und s, Fig. 13) by
which these are carried and attached to the trank .

Axial Sk eleton . The ax ial skeleton censiste primefi ly
of the vertebral column 01

°

ep ine, a s ide view of which is
reprwented inF ig. 14. The upper part of this eolnmn is
mmp00ed ofWenty

-fonr separate hones, each of which isa
vortobm At the pocter ior part of the trank, beneath the
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movable vertebra , comes the sacrum (8 I ) , made up of

five vertehm ,
which in the adult grow together to form

one bone, end below the sacrum is the cocoyz (00 1
consisting of four very small tei l vertebre , which in ad

vanced l i fe alec
'

1 nnite to form one bone.
On the top of the w rtehral column is hom e the shall,

made up of two parts, viz. , 11 great box above which in
010806 the brain and is called the e mm

'

aw, and 11 large
number of hm1es onthe ventral side of thiswhich form the
skeleton of the face . Attached hy l igaments to the under
side of the cmnin1n is the 11d bone, to which the root 01
the tongue is fixed.

01 the twenty—fonr separate vertehne of the adult the
seven neareet the sknll (Fig. 14.

—7) lie in the neek
and are known 118 the carm

'

onl verlebrm. These are to].
lowed by twelve others which have ribs attached to them
(806 Fig. 18 ) and l ie at the back of the cheat; they° are the
doreal vertebra (D 1 The ribe(Fig. 25* ) 11re Blender
curved hones attached by thei1° doreal ende, called the ir
honda, to the dorsal vertebrae and running thence round the
sides of the cheat. In the ventral medien li ne of the lat.
ter is the hreast hone 01° eternem (d, Fig Each 1

°ih

neur i te sterne] end eeaws to he hony and is composedof

These parte—eknll, hy0id bone, vertehra1 column, rihe,
and eternnm—eonetitnte the ax ial skeletm1 , and we have
now to cons ider i ts parts more indetail.

eleventh from the shall , be examined caretully it will be
found to cons ist of the following parte (Fige. 15 and 16)
First b0ny mass, ronnded onthe sidee nndhattened

oneach end where it is turned towards the vertehm above
nnd below it. This stont h011y cyl inder is the “ body

”
01

°

eentmm Of the vertebra, and the series of vertebral bodies
(Fig. 14) forms inthe trank that hony° parti tion between
the (101 8111 and ventral cav i ties 01 the body spoken 01 in

Chapter 1. To the doreal side of the body is attached an
meh—theneural arch, A, which wi th the back of the body
1nelneee space , Fe, the neural ring. In the tube formed

' P. 78.
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by the rings 01 the successive vertebra lies the spinal oe1
°d.

Projecting from the dorsal side 0! the nenml areh is a long
b0ny har, Ps, the sp inousprocess: and theprojectioneof these
processes from the various vertehr1e eenhe fel t through the
skinal l downthe m iddle of the back. Hen‘ce the name of
ap 1

'

na l columnoften given to the whole haek-bone.
Six othe1°processes arise from the arch of the vertebra : tm .

project tow ards, 1
°

.e. towards the head ; these , Pas, are the
anter ior articular p rocesses 111111 have a emeoth surface,

m w m . 1e

m w.
—A dorcol wrtebru m ttm hohtnd, t e. the end turned h om the

Fm . 16.
—Two dmufl m rtobru %wad hvm the teft dde. and lnthetr d

relottn paulttm 0. the body : A. neunl u ch ; h . the nm ul rtng ; h . spt
m m ; a tu iornttculu ptm em zM W arh eulu pmou u

Pt. m w ; n. (m t tor nrttculnflonwith the tubere le ot 1i h ,

M i t t.“ m rh om ont1w eenüum tor u flculuth nv tth a fl b.

iler poeter1
'

cr articula rp r0msses, Pat, rung hack from the
neural arch , and these have smooth surfaeee on the ir ven
tml aspects. In the natural posi tion of the vertebra, the
smooth surfaces of i ts anterior nrticnlar proe fit upon
the poster ior artienlar p n 01 the vertebra next in
front , form ing joint, and the two proeeeees are uni ted
by ligamente . Sim ilarly i ts posterior articq p
form joints (Fig. 16) wi th the anterior artieular pm
of the vertem next behind.
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the othex, but hav ing different porticms of the complete
Segment much modified or mdimentary , or even al together
wanting in some regions. Parts which in th is sort of way
real ly correepund to one another though‘

they difier in do
tai l , which are so to speak different varieties of one thing
are said in anatom ical language to be bomologous to one :m
other ; and when they mweed one another in a row, as the

than in the domal , hnt the arches are larger ; the ep inoue
processes are short and often bifid and the tm sverse pro

The bony har lmunding
th is on the vcmtral
side, ver, ih ih real i ty

-cf ;.L; mh W
h
ieh has

grown tht0 with
the body and fi ne tmnevem

thöugh eepamtem very earlym
..m l ife : the tmnsveme

proper bounde the verteh®
In this latte r during l ife m us an ntery ,

which ultimat e entem the shall cavi ty.

tehm difier eonsidemhly from the rest. The first , or wtlas

(Fig. which cwries the head , has a very smal l body .

Aa , and a large neun] ring. Thi s ring is subdivided by a

oord,
or the h ‘

d u ligamm t, L, into dereal moiety in
which the spinal oord liee and ventral into which the
hony procem D projects. This is the odontoidp rocess, and
ariws from the front of the ax is or second cervical vertebr—a
(F ig. Around this peg the atlas rotates when the head
is turned from side to side , carrying the skull (which M'

tieuhatee with the large hollow surfaces Pas) with it.
The odohtoid process really representa a large piece of
the body of the etlas which in early l ife separates [rom i ts
ownvertebn amdgrows ou the m is.
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The lmmbar Vertebre (Fig. 21 ) are the largest of all
the movable mrtehrm and have no rihnattached to them.

Their spines are short and staat and lie in a more horizontal

A.

plane than thaeo of the vertehm in twut. The articular
andWm veree p „1 are also short end stout.
The M um, which is represented along wi th the last

inmhar vt ra inFig. 22, cmmiete i n the adul t of a single
home ; but croes-ridges on i ts ventral snr!aee indimte the

hmm
et
the th e separate vertehm of which it .« is eompoeed

-

1 It is somewhat triangular inform, its hm

ha ng directed upwards md artieulating with the under
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surface of the body of the fifth lumbar vertebra. 011 i ts
sides are large surfwes to which the urch the lower

lit is attached (see Fig. Its ventral surface is een
mvemd amooth end presents four pain of anterior suom i

foram£eea ,
which eommunicete with

the nenrel canal. Its deren] su rface , convex
and roughened , hee four similar pairsotpea
terior sacm lforumim
The coccyx (Fig . 23 ) calls for 110 special

mmark. The four honee which grow togeth
er, er ankylose. to form it represent only the
bodies of vertebrm, andm u that imperfectly.

It is in real ity a short teil , al though not visi
ble es euch from the extefior.

Golumnas Whohe. The vertebml column
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is in a man of average he ight about twenty—e ight inches
long. Viewed from one side (Fig . 14) it presents four c111u
vetares ; one with the convexi ty tow ards in the cervi cal
region is followed , i n the dorsal , by e curvewi th i ts concu
ity towards the cheat. In the lumbar region the curve has
again i ts eonvexity turned ventrally, while i n the seem! and
coccygeal regions the reverse is the case . These curvatures
give the whole column good deal of springiness such as
would be absent were it stra ight red, and this is further
secured by the presence of eompreesible elastie pads, the
intervertcbral diske, made up of cart ilage and em mectim

tim e , which l ie between the bodies of those vertebrae
which are not ankylosed tegether‚ and til l up complete ly
the empty Spaces left between the bodies of the vertehr1e in
Fig. 14. By means of these pads, moreover, a certain
amount of movement is allowed between each pair of ver
tebr1e ; and so the spinal column can be heut to consider
able extent in any direction ; whi le the movement between
any two vertehraa is so lim i ted that no sharp hend can take
place at any one point, such as m ight tear or injure other
wise the spinal cord contai ned in the nenml 01111111. The
amount of movement perm i tted is greatest in the cervi cal

In the cm of the movable vertehr1e, where the arch
joins the body oneach side, it is somewhat narrowed ; this
nm owed stalk being known as the pedicle F ig.

wh ile the hroader remaini ng port ion of the arch is i ts 1411»
im Between the pedicles of two eontiguous vertehma

there are inthis way left apertures, the intarvertabm l holes
which form a series on each side of the vertebral column ,
and one of which , Pi , is shown between the two domal
1 01 tehrm in Fig. 16. Through these fommina nerves mm
ont from the spina l card to various regions of the Body.

The m m] femm ina , anter ior and posterior , are the repte
sentatives of these apertures , but modified 111 arrangement ,
011 account of the fusion of the arehes and hodies of the
vertebrw between which they l ie.
8 ternum . The s um 01° breast-bono(Fig. 24and d,

Fig. 18 ) is wider from side to side than dom ventrallv. It
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eoneiets inthe adult of three pieces, and seen from the ven
tral s ide has somewhat the form of 11 dagger. The piece
neareet the head is cal led the handle ar manulm

'

um .

and presents anterior i 11 noteh, lol, 011 each side, with
which the eollar-bone articulates (a , Fig. oneach side
are two other notebes, Io 1 and Io 2, to which the stem el
ende of the first and second ribs are attached . The m iddle
piece , 0, of the sternum is cal led the body ; it comple tes

the 1lot 1 for the H Flb andhas 011
i ts sides others, le 3—7, im the th ird ,
fourth, fitth, sixth , amd eeventh ribs.
The last piece of the ete1mnm , P,

is
called the eneiferen er x«iphoid p rocess;
it is composed of carti lage, and has 110
rihs attached to it.
m E11» Fig . 25 There are ve

paireof ribe, each being a elender cnn*ed

bone aW heddmeally to the body end
treneveeee of a vertebn in the
manner already mentioned

, end een.

tinned vent y by metal earti

In the m e of the anterior seven pain,

the costal carti lages are attached dim t

ly to the sidea of the hw t-hone ; the
next three carti lages m ewh atWhed
to the carti lage of the preceding rih,

m .
- m whi le the cartilages of the tenth and

twelfth ri he are qui te unattached ven
trally, eo these are called the free or

le. -7.
n
wwlm for floahä19 ribs. The em1vexity of each"h c.

c urved rih is turned entwaa so as to
give roundness to the eides of the cheat and increase i ts
cavi ty, and each shmes downs from i ts veflebral at

t1whment. so that its stem al end is considerat lower than
its dem ].

We Bkull (F ig. 26) consists of twenty-tv o bones in
the adult. of which e ight, forming the cranium, are ar»
ranged so as to incloee the brain-ceee and protect the

audi tory organ, while the remai n ing fourteen support
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the face and surround the month, the nase, and the eye

The cranium is a box with thick floor and
Walla and root. Its floor or base rea ts in the

(ne is depicted diagnmmatieally 1nPig. 2) that par
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ti tion between the dorsal and ventral cavi ties which in the
trank is made up of the bodies of the vertebrae. Invery
early life it presents in the middle l ine a series of four
hones, the M ephe ‚ and

basi -«tkmeiei , which answer pretty much to the bodiee of
four vefi ebrm, and have attached to them the thi n hones
which inelm the ekull cavi ty (which may be likened to
an enlarged neun] m al) on the sidee und top. In the
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emai l holes through which the nerves 04 m ei] pm . A
l ittle b it of it is seen onthe inner side of the eye-socket at
E h ßg %.

Facial Sk eleton. The majori ty of the face honee are in
pe ire two only be ing single and medien . One of these is
the lower jaw—hone 01° inferior ma:m'

lla (F ig. 26, Md) ; the
other is the vomw , which forms part of the parti tion
between the two nostxile.

The paired faee-hcnes are : 1 . The maxilüe, or upper jew
bones (Mx, F ig. one on each side

,
carrying the upper

row of teeth and forming a great part of the ha rdpalatn.
which separates the month from the noee. 2. The pala
tc

'

ne bonn, completing the skeleton of the hard palete , and
beh ind wh ich the nase communicates by the p osterior name
(Fig . 27) with the throat cavi ty, so that air can pass i n or
out in breath ing. 3 . The malar bones, or cheek—honee,
(Z, Fig . ly ing beneath and onthe onteide of the orbi t
oneach side. 4. The nase! bonn (N, F ig. roofing in
the noee. 5. The ladzrymal bonn (L, Fig . very small
and th in and lying between the nose and orbi t. 6. The
inferior turbinatc bones lie ins ide the none, one in each
nostr i l chamber.
The Hyoid. Besides the omnial and faciel bones there
is
, 118 already pointed ont, one other, the hyoid (Fig.

which really belongs to the sknll, although it l ies i n the
neck. It can be fe1t in front of the throat, just above
“ Adam’

e apple ” The hyoid bone is U—shaped , with its
convexi ty turned ventrally, and eoneiste

of body and two pain of processes
called mm ad. The smaller cornna (Fig.

28 , 3) are attached to the sha ll , close to
T i n Fig. 26, by long ligamen ts. These

m
“
? l igaments inmany an imals

_

are 1:epresent

com? edby bones, so that the hy01d , w1th them .

forms a bony erch attached to the base
of the sknll much as the ribe are attached to the bod ies of
the vertehr1e. In fishes, behi nd this hyoidean arch come
several others which hear the gi lls; and in the very young
Human Body these also am reprewnted,

’

thongh they almost
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antim dimppem
* long before hirth . The hyoid , then ,

with i ts eornna and ligen1ents answers pretty much to a

gi ll-arch , or really to parts of two gill-arches, since the
great and small eornna belong to originally separate arehes

present at an early stage of development. It is 11 remnant
of structure which has no longer any use in the H uman
Body ; but i n the young frag tadpole parte answering to
it carry gi lls and have clefts between them which extend
i nto the throat just as in* fieh%. The gille are lost after
wards and the elefts closed up when the img gets i ts lange
and begi ns to breathe by them. In the embryonic human
be ing these gi ll-eiefte are also present and several more
beh ind them, but the arehes between them do not hear
gil ls, and the elefte themselves are closed long before birth .

As they have no nee the ir presence is hard to account for
those who accept the doctri ne of Evolution regard them as
developmental reminisceneee of an extnemely remote anoes.
tor in which they were of functional imporßnee somewhat
as i n the tadpole; of course th is does not mean that men
were developed from tadpoles.
The Ap pemdioulu Sk eleton. This consists of the

should" girdle and the honee of the tere l imbe, and the
polm

'

c girdle and the bones of the posterior limbs. The two

supporting girdles i n the ir natural posi tion wi th reference
to the trank skeleton are represented in Fig. 29.

The Sh oulder Gi rdl e, ar Poetonl A rch . This is made
up on each side of the scapula 01

° shoulder -blade, and the
davide 01° colh r-bone.
The empula (8 , Fig . 29) is a flettish triangnlar bone
which can readi he felt onthe back of the them . It is
not directly articulated to the axial skeleton , but l ies im
hedde<l in the mnaeles and other parts outside the rihs on

each side of the vertehml column. From i ts deren] side
ariees 11 west to which the outer end of the collar-hone 13
fixed, and on its outer edge 18 a shal low cup into which the
top of the arm-hone tits ; this hollow 18 known as the glenm

'

d

fw a.

The M M (0, Fig. 29) is cylindrical and attached
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at i ts in ner end to the sta num es eben in the figure, fit

ting in to the notoh repremnted at Icl i n F ig. 24.

In the limb i tself (Fig . 30) are thirtv
The largest, a , l ies i n the npper em , and

Q .
—The ekeletonof tho trunk nndW llmh m hu neen from the traut.

0‚ m vtcle : 8 , wa h ; 0c. innomtnnte bone attnched to ße dde of the m
docu lly u 1d m ho tellov at the p ubic cynphouc ln the ventrnl mediu

the hamm a At the elbow the humem e is succeeded by
two honee, the rad1

'

us and nlmz, und 6, which l ie side by
side, the radius being on the thumb side. At the diatal
ende of these bonee come e ight smal l once, elm ly peeked
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the great toe (or halluz) there are two phalangee, i n each
of the others three, arranged as i n the fingen,

but smaller.
Oomperiaonof theM terior and PoetariamLimbo.

F10.
—The hones of thenrm. o, :hnmenm ulncz rndiw ; d the cum

the am the three hnlw gu of the dig "(ltfl le finger) .
g , tbe%nloaanof e {ollex (thum
h o Bones of the ! a . emle1n ;ur b. potolla ; c.°

; e mmntntnc tcm l

is clear that the skeletons of the arm end leg corm pond

pretty cloeely te one another. Both are in fact qui te nlike
in very early life, andtheir differences at birth depend upon
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their dia i n cit ways as they develop from
the ir primi tive simplici ty ; ae both may be regarded 118

of some origina l

mologous. The pelvic girdle clearly eorresponde generally
to the pectoral arch , the tihia and fihnla to the radiua and
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nlna ; the five meßßrsal honee to the fivemeücarpd , and

the phnlnnges ofl he toes to thoee of the thumb andfingers.

Onthe other hand, there is in the arm no separate bone
at the elbow-joint corresponding to the petella at the knee.
but the nlna been above 11 hony process, the oleomnen(0.

Fig . which at first is a separate bone and is the rep
reeentative 01 the pate lla. There are in the earpus eight
honee and in the term s but seven. The admgalue of the
term s (Ta, Fig. 35) represents two honee which , however,

m a —m mm w mndonot the pecta nlnch to the nxh l skolo

have gmwntogether. The elbow-joint hands forwards and
the knee-joint backwnrds.
Oompering the l imbs es 11 whole, greater diflerenees come

to light, difierenees which are
mainly eorreleted wi th the
diflerent uses of the two
limhe. The arme, serving as
pmhensile organe, have all

their parte as movable as is
consistent with the requisi te

Pw .Ot—Dlw t mubo m m strength , whi le the lower
m t d the petü omh the nxh l l imbe, having hear the

whole weight of the Body,
require to have their parts much more firmly knit together.
Accordine we find the shoulder girdle ,

°

represented red in
the diagmm (Fig. only directly attached to the axial
ekeletonby the union of the inner endeof the elavieleewi th
the eternnrn, and capable of considerable independentmove
ment, as seen , for inetence, in shrugging the shoulders.”
The pelvic arch , onthe contrary , is fi rm and immovably
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mobi le than they usually are, so that the foot can to 11

certa i n extent replace the hand; as has been illustrated in
the case of persons born without hands who have lemned to
wri te and pe int with the ir toea.
Peculiaritteeot theH uman Sk eleton. Theeem largely

connectedy ith the division of lahor between the fore and
hind limhe referred to above, which is carri ed farther in
manthan in any other creature. Even the h ighest apee
frequently nee their fore limbs in loeomotion and their
hind limbe i n prehen51ion, and we find accordine that
anatomieally they present lese difi

’

erentiationof hand and
foot. The other more important eharaeteristies of the
human skeleton are correlated for the meet part wi th the
maintenance of the erect posture , which ismore complete
and habitnal i n manthan in the anhnalsmost elomly allied
to him anatomicelly. These pecul iari ties , however , only
appear fully in the adult. In the in fant the head ia pro
portionam larger , the curves of the vertebral column are
neerly absent , and the posterior limbs are relativ e very
short. In all these points the intant approaches more
aloe e to the ape, and they all eon1hine to give the centre
of gmvity of the Body comparatively very high posi tion
and to render the maintenance of the erect poetnre difi cnlt

and i nsecure. The subsequent great relative length of the
posterior limhe, which grow disproportionately fast in
childhood 118 compared wi th the anterior, makes progress ion
on them more rapid by giving longer stride and at the

same time makes it almost impossible to go on all fours"

except by crawling onthe hands und kneea In other Pri
matee this disproportion between the anterior and posterior
l imbe does not occur to nearly the same extent.
In men the shal l 18 nearly balanced on the top of the

vefl ehral column, the oecipital condyles which art iculate
With the 11t being about its m iddle (F ig. that but
li ttle eflort is needed to keep the head erect. In fonr-foot
ed beasts. ou the centu ry. the 8kh ll is carr ied on the front
end of the horizontal vertebral column and needs swciel
l igam

e
nts to sustai n it. For instance, i n the ex and sheep

there 18 a great elastic card running from the cervical ver
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tebraa to the back of the 8k1111 and help
'

1ng to hold up the
head . Even inthe highest apee the sknll does not balance
on the top of the epinal column; the face part is much
heavier than the back , whi le inmanthe face parte are rela
tiv e smaller and the eranin1n larger, so that the two
nearly equipoise . To keep the head erect and look th ings
straight in the face, l ike 11 man, ” is for the apes fer more
fatiguing, and so they cannot long maintai n that poei tion.

The human spinal column, gradual ly widening from the
neek to the worum is well fitted to sustai n the weight of
the head, upper l imbs, etc. , carr ied by it, and its curvatures ,
which are peculiarly human , give it considerable elasticity
combined with strength . The pe lvis‚ to the sides of which
the lower limb8 are attached, is proportionetely very brand
inman, 80 that the balance canbe more remi i mai ntained
during lateral hending of the trunk. The arched instep
andbroed sole of the human foot are also very character
iatie. The majori ty of fonr-footed heu te, 118 horses, walk
onthe tips of their toee and fingen, and those animals, as
been and eyes, which l ike manplace the term s also on

the ground , or are phmt1
'

gmdo in technical language , have
11 much less marked areh there . The vaulted human tar»
sus, eompoeeci of a number of small hones , each of which
can gl ide a l i ttle over i ts neighbors, but none of which can
move much , is admirally calenleted to break any jar which
m ight be transmi tted to the spinal column by the contact
of the sole wi th the ground at each step. A well etched
instep 18 therefore justitiahly considered 11 beauty it makes
progreeeioneasier, and by i ts springiness gives elasticity t<>
the step. In London flet»footed candidatee for appoint
ment as policemen are rejected , as they cannot stand the
tatigne of walki ng the dai ly beat.



CHAPTER VII.

THE STRUCTURE AND COMPOSITION OF BONE.

JOINTS.

G ross Structu re of th e B ones. The bones of the Body
have 1111 a simi lar structure and composi tion , hat an ao

count of diflerences i n ehepe they are dividecl hy anatoo

miete into the following groups : (l ) Long bmw , more
or less cylindri cal inform , like the honee of the th igh and
arm , leg and forezum , mehwarpns, metatarsne, fingen

and toe8 . (2) Tobq Dance, i n the form of expanded
ph tes, like the bones onthe root and sides of the skull, and
the shoulder-hlades. (8) Short bmw rounded or angular
i n form and not much greater i n one diameter than in
another, l ike the hones of the term s and earpns. (4) Ir
reguhzr boncs, i ncluding all which do not get well into any
of the preceding gronps, and commonly Iying in the middle
li ne of the Body and di v isible i nto two simi lar helves, as
the vertebrze . Living hones have 11 hlnish-whi te color and

possess eonsidemhle elasticity, which 18 best seen in long
slender bonee such as the rihe.
To get general idea of the structure of a bone, we may se:
lect the humerus. Externally i n the fresh state it is cove red
by a denee white fihronsmemhrene very closely adherent to
it and contai ning a good many email blood-vessele

This membrane is called the p er iosteum; oni ts under side
new osseous tissue is formed whi le the bone is sti ll growi ng,
and all through life it is concerned in maintai n ing the nn
trition of the bone, which d ies if it is stripped ofl. The
peri osteum covers the whole surfm of the bone except its
ende i n the elbow and ehenlder joi nte; the surfaces there
whivh come i n contact wi th other hom e andgl ide over them
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and rongh patches on the shaft indicate places to which
mnaclea of the arm we mfixed.

Internal Structure . If the bone he div ided longitudi
nul ly, it will be seen that i ts shaft is hollow,
the space being known as the medullary
car ity , and in the fresh bone filled wi th
marww. F ig. 37 repmsm.te 11 longitudi

nal section of the femur, which 111 this reo

spect is quite simi lar to the humerus.
The marmw cav i ty does not reach into the
articnlar extremitie11, but there the bone
has leose spongy texture, execpt a thin
layer onthe surface . In the shaft, onthe
other hand , the out er compact layer is
much the thickest, the spongy or m cdv

Iated bmwform ing only a th in stratum ih l

mediately around the mednllary cav i ty.

To the naked eye the canoellated bone
appears made up of 11 trellis-work of thin
bony plates which i ntersect in al l direc
tions and surround cav i ties rather larger
than the head of 1111 ordinary pin ; the
compact bone. 011 the contrary, appem

to have no cav i ties i n it unti l it i s exam
ined with a magn ifying glass. In the

spacee of the spongy portion l ies, during
li fe, substanee known as the red umrrow,

which is qui te ditierent from the yellow
fatty murrow lying i n the central cavitv
uf the shaft.
Microm p ic Str ucture of B one . Th?

n1 icroseope shows that the compact bone
contains cavi ties and only difiers from the

„mm; , „cm„ spongy portion in the fact that these
are much smaller and the hard true hony
platee sonounding them much more nu
merone i n proportion than in the spongy

parts . If a thi n transverse section of the shaft of the hu
merns he exam i ned (Fig . 88) with 11 m ieroeeope magn ifying
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twenty diameters, it w ill be seen that numemus openings
exist al l over the compact parts of the section and grade
ally become larger as th is passes i nto the cancellated part,
next the medullary cavi ty. These openings are the cross
eeotions of tubee known 8 8 the Haza «mals, which

all through the bone, running mainly in the direc

ntrm verse m tionof tho nhu . tha m dai»

B. thom deefly shu icfl pnrt of .dm nifled t

henof i ts l ong 8X 18 but uni ted hy nnmerous arm er ob.

ligne brancha as seeninthe longi tudinal section F1g

antenneet ones open on the surfeee of the bone he.

neath the periosteum, and i n the l iving bone blood—v
from this through the Haversian eennls m d eonvey
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diameter of the Haversian eanals i8 mm . (‚h of an
inch).
Around each Haversian eanal lies a set of ph tea, or

b mcllw, of hard hony snheta.nce (see the tram erse section
F ig. each 08 1181 with i ts lamella form ing an Hemer
m

'

an system: and the whole bone is made up of a number
of euch systems, with the additionof a few lame1he lying
in the eornere between enä e eertainnumber whieh
run m und the whole bone on its enter aufleee. In the
epongy parts of the bone the Hevereien eenele are very
large and the i n lemellm few i n number.
Between the lemellm l ie emai l cavi ties, the Inmnw, ewh

of which 18 lentieuler in term . eemewhet l ike the space which
would be 111d by two
wateh—g joined by their
edgee. the lecnnw y
extremely hrenehing
nals, the mm ltculi , radia%
end pene the bony la.

melhe i n al l ürections. The
i nnermost canalicul i of ewh
system open into the central
Havereienanna]; and thm of
verione leennze intereommu

nieating , these fine tnhes form a set of w through
which l iquid which has trensnded from the blood-vm ele

in the Havers ian m als can ooze al l through the bone .
The luennw and canalicnli are well seen in Fig. 39.

In the living bone 11 granular nucleated cell l ies i n each
lecnna. Thwe eelle, or bone oorpusck: , are the remnente
of those wh ich built up the bone, the hard parts of the lat
ter being really an intereellnler mheßnee or skeleton
formed around and by these cells, much in the mme way
118 e mleereon8 skeleton 18 formed around each Foram in ifer
(see Zoology) by the activ ity of i ts protoplasm . By the
w oopemtion of all the bone corpnecles, and the union of

the ir skeletom ,
the whole bone is built up .

In other bones we find the same general am ngement ef
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calcium phosphate , or bone earth (Om , 2P04) ; but there is
also present com iderahle promrtionof calcium carbonate

and smal ler quan t it ies of other ealts.

H y g i ene of the Bony Sk eleton . In em1y life the benexe1
are less rigid

,
from the fact that the earthy matters them

presen t i n them hear a less pmportionto the softer orgau i«
parts. Heuce the hones 01 an aged person are more hrittlo
and easi ly broken than those of a chi ld. The hones of a
young ch ild are in fact to leranflexible undwil l he die
tot ted by any conti nued etm in; therefore ch ildren should
never be kept si tti ng for home, inschool or elsewhere, ontl
beach which is so high that the feet are not supported. If

this he i ns isted upon (for no child wi ll conti nue it volunta
r ily) the thigh—honee w ill almost «erteinly he heut over the
edge of the seat by the weight of the lege und feet, and a

permanent distortion may be produced . For the same
reason it is important that a ch ild be made to sit straight in
wri ting , to avoid the risk of producing lateral curvatum
of the epinal column. The facil ity with which the hones
may be moulded hy prolonged pressure inearly life is well
seen in the distortion of the feet of Chinese ladies, pro
duced by keeping them i n tight shbes; and in the extrem»
dinu.ry forms which some races of man produce in their
sknlls, hy tying boards on the heude of the children.
Thmughout the whole of l ife , moreover, the bones re

main among the most easi ly modified parts of the Body
al though judging from the fact that dead hones are the
most permanent parts of foss i l animals we m ight be ih
clined to think otherwi se . The livi ng bone , however , is
eonstantly undergoing changes under the influence of the
protoplasm ic cells imbedded in it. and in the living Body is
constantly be ing almorhed and mconstrncted. The expo
rience of physicians shows that any continued pressnro.

such as that of tumor, wi ll cause the absorption and die
appearance of bone almost qu icker than that of any other
tiseue; and the same is true of any other continued pres
sure. Moreover, during l i fe the bones are em i nently plas
tic ; under abnormal p 1eesures they are found to quickly
assume abnormal shapes , being absorbed and disappearing
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at points where the pressure is most powerful , and increase

ing at other points ; tight lac
'

mgmay i n this way produce
permanent distortion of the r ibe.

When a bone is fractured surgeon should be called in
as soon as poss ible, for once inflammation has been set up
and the parts have become swollen it is much more dith
cul t to place the broken ends of the bone together i n their
proper posi tion than before th is has occurred. Once the
honee are replm d they must be held in posi tion hy spli nte
or bandages, or the muecles attached to them will soon dis
ph oe them again. With rest, inyoung a nd heal thy per
sons complete union wil l commonly oocur i n three or four
weeks ; but inoldmrsons the process of eure is slower and
is apt to be imperfect.
Articulatiom . The hones of the skeleton are joined to'

gether i n very various ways ; sometimes so as to admi t of no
movement at al l between them ; inother eeses so as to per
mit only a l im i ted range or variety of movement; and ebe
where so as to al low of very free movement inmany dimo
tione. All Rinde of unions between hones are ca11edartian

Of articulations perm itting no movements, those which
anite the majori ty of the crenial bones afiord good exam
ple. Exoep t the lower jaw, and certain ti ny bones inside the
tempmal bone belonging to the organ of hearing, all
the skull»honee are immovably joined together . This union
in the oase o£ most oecurs by means of toothed edges which
fit into one another and form jagged li nes of unionknown
asm h1 res. Some of these can bewell seen in Fig.26' between
the frontal and par ietal bonee (coronal m ture) and between
the par ieta l andoeci pital hones (lambdoidal anture) ; while
another l ies along the middle line i n the top of the cmwn
beWeen the two parietal hones , and is known as the sagt!
lal sah ne. In new-horn ch ildren where the mgittal meets
the eoronal and lamhdoidel suturee there are large spaces
not yet covered in by the neighhöring hones, which suhse
quently extend over them. These openings are known as

fontm flw . At them pulsation can often be felt syn
ch ronons with each heat of the heart, which , driv ing more
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blood into the brain, distends it and causes it to 11t out

the skin where bone is aheent. Another good example
of an articulation admitting of 110movement, is that between
the rongh surface 011 the eides of the m m und the ih
nom inate bone.
We find good examples of the second class of articnl»
tions— those adm i tti ng of elight amount of movement
in the vertebral column. Between every pair of vertehm9

from the second cerv ical to the sacrmn is an elastic pad,
the intervsrtebral disk, which adheree by its surfaoes to the
bodies of the vertehm between which it lies, and only per
mi ts so much movement between them as can be brought
about by i ts own compression or stretching. When the
hack-hone is curved to the right, for instance, each of the
intenet tehral disks is compreseed on i ts right side and
stretched li ttle on i ts left, and this combination of move»
mente, each individually but sl ight, given considemble

flexihility to the epinal columnas a whole.
Joints. Articulations perm itting of movement by the
gl iding of one bone over another, are known as j oi7

'

zts and
all have the same fundamental structure, al though the

amount of movement permitted indifiere11t jointe is very
difl‘

erent.

Hip—J oint ‚ We may take th is as a good example of 11
tm e joint perm i tting great amount and variety of move
ment. 011 the 03 i nnominatum is the cavi ty of the m ta.

bulum (Fig. which is l ined inside hy a th in layer of
articq cafl i lage which has an extremely smooth surface.
The hony cup is also deepened l ittle by a cartilaginoua

rim . The proximal end of the femur consists of a nearly
spherical smooth head, hom e 011 somewhat narrower nach,

and fitting into the aM ahulum. This head also is covered
with articq cart ilage ; and it rolle i n the acetahulum l ike
11 ball i n socket. To keep the hones together and limi t
the amount of movement, h

'

gamenls pass from one to the
other. These are eompösed of wh ite fihrous em1119ctive

tissue (Chap. V II I. and are ex tremely pliable ha t qui te
inextensible and very strong and tm1gh. One is the cap

m lar liyament, Which forms 8 sort of loose bag al l round
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Th is contact is not mai ntai ned by the ligameute, which are
too looee and serve only to check excessive movement
but by the numercus staat muscles which pass from the

th igh to the trank and hind the two firmly together.
Moreover‚ the atmospheric pressure exerted. onthe surface
of the Body and tranmnitted through the soft parte to the
outside of the airo tight join t helps also to keep the parts 111
em1taet. If all the nmecles and ligaments m und the
joint be cut away it is st ill found in thedead Body that
the head of the femur will be kept in i ts socket by this
pressure, and so firmly as to hear the weight of the whole
limb without dialoeation, just as the pressure 01 the air
will enable boy’s eucker

” to litt tolerat heavy stone.
B all—and-eooket Jointa. Buch joint as that at the hip
is called ball-and-noeket joint and allows of more free
movement than any other. Through movements oeeurring
init the thigh can befla ed, 01

° heut 80 that the knee ap
preaches the cheat ; 01° eztmded, that is moved in the oppo
si te di rection . It eenhe abducted, so that the knee movea
outwarrhs; and edducled‚ or moved hack towards the other
k11ee again. The limb can also hy movements at the hip
joi11t he ci rc umducted, that is made to deecrihe a eone of
which the base is at the foot and the apex at the hip. Pi

nal ly relationcan eceur i n the joint, so that wi th knee and
foot joints held rigid the toes can he turned in or out, to a
cer tain extent , by 11 m il ing around of the femur in i ts socket.
At the j unction of the humem e with the scapula is
another hall—and-socket joint pcmnitting all the above
movements to even greater extent. This greater range
of motion at the shoulder—joint depends mainly on the
shallewncss of the glenoid cavi ty as compared wi th the
neetabulum and 11po11 the absence of any ligament answer
il1g to the round l igament of the hip- joint. Another

°

hall

and—mcket join t ex ists hetvveenthe earpus and the meta»
came l bone of the thumb ; and others with the same variety,
but a much lese range, of movement between each of the
remaining metaearpal henes and the prox imal phalanx of
the finger which articulates with it.
Hlngo-Jointa. Another form of synovial joint is known
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enlxtien between the lower jaw and the base of the
nknll wh1ch al lows 118 to open and close our months. The
letter is, however, not perfect h inge-joint, s ince it per
mi te of a small amount of lateral movement such as occure
in chewing, andalso of gl id ing movement hy which the
lower jaw can he thrust forward so as to protmde the chi11
und bri ng the lower row of teeth outside the upper.
Pivot -Joi nts. In thi s form one bone rotates around en
other which rema ins stationary. We have a good example
of it between the first and second cerv ical vertehrw. The
first cervical vertehra 01

°

atlae (Fig . has a very small
body and a very large areh, and i ts mental canal is enhdi
vided by transverse l igament (L, Fig. 19) i nto dorsal
and a ventm l pm tion; in the latter the spinal eord ließ.

The second vertebra er w ie (Fig. 20) has aris ing from i ts
body the etout bm1y peg, D ,

cal led the oda»toidproecu .

This projects in to the ventml portion of the space sur
rounde dby the athw, and , kept 111 place there hy the trem
verse l igament, forms a pivot around which the atla.s, euro

tying the skull Wi th it, rotates when we turn the head
from side to side. The join ts on each s ide between the
atlae and the akull are hinge—jointe and permi t only the
movements of nodd ing and w ising the head. When the
head is leaned over to one side, the eervical part of the
apinal column is heut.
Another k ind of pivot-joint is seen in the femarm . If

the limb be held straight out, wi th the palm up and the
ethow testing on the table , so that the shoulder-joint he
kept steady while the hand is rotated un til i ts back is
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the thumb outwards , the lower end of the radins can be
fel t on the ou ter side of the forearm just above the wriet,
and if th is be done while the hand is turned over, it will
he eas i ly discerned that during the movement this end of
the radi us, carrying the hand with it, travels around the
lower end of the 111119. so as to get to its i nner side. The
relative pos i tion of the hones when the palm is upwards
is shown at A in Fig. 41, and when the palm is down at
B . The former pos ition is known as sup ination; the Int

ter 8 8 p ronat ion. The elbow
end of the humeme(Fig .

home a large articular surface
on the inner two th irds of this,
Tr, the 1111111 tits, and the ridges
and grooves of both honee inter
look ing form hinge joint, al
lowing only of hend ing or

straightening the forearm on

the arm. The radina. tits
the rounded outer third, Op ],
and forms there ahell—and—50cket
joint at which the moverhent
takes place when the hand is
turned from the supine to the
prone posi tion the ulne formi 11g

fixed har around wh ich the
lower end of the radius is moved.

n G liding Joints. These per

2
%fim m

g
‘

f
“

m . mit es a rule but little move.
ment : examples are found he

tween the clos e packed bones of the term s (Fig . 351) 1111d
eerpus, which slide a little over one another when subjected
to pressure.

d1
'

slowted the l igamen ts around the joint are more er Im
tom and other soft parte injured. This soon leads to ih
flammationand swelli ng which make not only the recogni
tion of the injury but , after diagnosis, the replacement
of the bone, or the reduction of Mo dielocatit>n, ditfienlt.

{ P. 88.
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CHAPTER V I I I .

CARTILAGE AND CONNECTIVE TISSUE.

Tempomry end Permanent Oartflngeo. In early li fe
11 grent many pu t: 01 the supporting fram ework of the
Body , which afterwards become bone, consist of eartilage.

Such for example is the case with all the vertebra , and

with the bonee of the lit . In these certilagee snbw

quently the process known as es: ifleal ion takes place, by
which 11 great porti on of the origi nal eartilnginonemodel is
removed and replaced by true osseous tissue. Often

, how

ever, some of the prim i t ive earfilage is left throughout the
whole of life at the ende of the honee in joints where it
forms the articnlnr carti lages ; and i n various other places
atill larger massea remai n , such as the eoetal eartilagee,
thom inthe external eure form ing their framework, others
finishing the skeleton of the nase which is only incom
pletely bony, andmany in i nternal parts of the Body, as the
eurtilnge of Adam

’s apple, ” which canbe fel t in the front
of the neek , and a number of rings around the windpipe
servi ng to keep it open. These pers istent masses are known
us the permanent, the others as the tm porary cartilages.
In old age many se-ealled permanent cartilages become
mle1fld—thet is, hardened andmade unyielding by deposits
of l ime mlts in them— without assuming the histological
character of bone

, and thi s caleifieationof the permanent
eartilagee is one ch ief cause of the want of ph

'

ability and

suppleness of the frame i n advanced li fe.
Hyaline Oartilaga Initspurest form cart ilage is flexi

ble nndel1tstie‚ et 11 pale hlnieh-whi te color when al ive and
seen in huge mussen, and cuts readi ly with knite. Inth in
pieees it is quite transparent. Ever

_

nvhme execpt i n the



joints it is i nvested by tongh adherent membrane, the
per1

’

chondrium , which resembles instructure and function
the periosteum of the bonee When hoiled for a long time
i n water eheh eartilagee yield solution of clwndrz'n, which
diflers from gelatin i n m inor points butw eg wi th it in
the fact that its het watery solutions set

”
or gelatinize on

cooling. When th in eliee of hyal ine cartilage ia exami ne d

nlar nnclea%d often eolleeted into groups of five,

four, ar more, through homogeneona or faintly
gmnnlar gmnnd 1 608 01'matrix. Eee%tielly , carti lage
resembles bene , be i ng made up of protoplasmic cells and a

large amount of nen-protoplasmic mm

lnlar enhstenee, the eells being the more activ e l iving
and the matrix the ir product. Exemples of this bye

line variety (se called from i ts glassy transparent appear
enee) em tonnd 1nall the temporary carti lages, and inthe
eeetal md artienlm'

among the permm ent.

They rerely conta in hloa i -vemels exeept at them points
where temporary eartilage is bei ng red and replaced
by bone ; then hlood—w 1 Is run in from the peflehondrium
end loope 1nthen1atri x , around which it is ahearbed

my tim e deposi ted. In eoneequenee of the nm el

of blood vessels the 1111tri tive p and ex
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might indeed he expected from the passive and mer e
mechanical 161e which th is tim e plays.
Hyal ine eartilnge is the type, or most characteristiealh
developed form , of 11 tiesuo fm1ndwi th modificdtione else
where inthe Body. One of i ts other modifieations is the
so—eelled cellular cartilege, which eonsists of the cells with
hardly any matrix, only just enough to form th in capsule
around each . This form is that Wi th which 1111 the ear

tilagee commenee, the hyaline variety be ing bui lt up by the
inereme of the cell capsules and their fusion to form the

matrix. It pereiets throughout l ife inthe th in eartilag inons
plate et a monse

’
e external eat . Other varieties of cartflage

are really m ixtures ot true cartilage and connective tim es,
and will be considered after the latter

’

.

The Connecti ve Tissues. These complete the skeleton ,
marked out in i ts coarser features by the bones andcan
tilagee, and consti tute the final group of the supporting
tissues. They oecnr i n al l forms from brand membranes
and etont cards to the finest threads, form ing networks
around the other ultimate histologica l elements of various
organe. Inaddition to subs idiary forms, three mainvarie
ties of th is tissue are readi distingnishahle, vi z. ‚ areolz1r,

wh1
'

tafibrous, and yellow ehwh
'

e. Each eonsiste of fihres

and ce lls, the fihres be ing of two k inds, mixed in nearly
eqnal proport ions i n the areolar variety, while one kind
predom inates i n one and another in the second of the te

maining chief forms.

Areola.r Connective Tieaue. This ex ists ahnudantly he

neath the skin, where it forms a loose flwenlent layer ,
mmewhat like raw cotton in appearance but not so whi te.
It is 011 account of i ts loese texture that the sk incanevery
where he moved , more or less , to and 110 over the subje
oont parte to which it is united by th is tissue. Areolar
tissue cons ists of innnmerahle hands and eords interlacing
i n all directions‚ andcanbe greatly distended hy blowing air
in at any point, from whence it travels wid e through the
intereommnnieating meshes. Indropsy of the legs or feet
the cavi ties of th is tissue are distended wi th lymph. From
beneath the skinthe areol1u tim e ex tends al l through the
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and b . tln h nq 1 hich io ta nd inß gehfin by m é

thenme m h h nee ohtained by hoiling the feet of enlvee,
which containtho tendonnoi many mmeleu
the hg to the tw t.

m m m m m m

This 18 almost 1nvarmhlym1xed1nsome
prepmhon inal l epeeimene of wh ite fihreue tiwne, even
the purest. aueh es the tendons of muscles ; but m eeth en
phwee it exiete elmeet None , as for example in the hp
mente (lipmnoula m bfiava) between the m hee of the
m tehm , end inthe eoete of the larger arteries. Inquad
mpede it forms the great ligm ent already referred to (p.

which helps to sustain the head. This tim e, in



n1aes, is of a (11111 ye llow eolor und extrem e extensible and
elastie; when purest nearly as much so es 11 piece of india
rnhber. 8ometimes it appears under the m icmeeope to be
made up of delicnte membranes, but meet often it is i n the
form of fibree (Fig. 43a) which are warser than those of
whi te fihrons t issue and Ireqnently branch andnnite. It

is uneflected by acetic acid anddoes not yield geletinwhen
hoiled.

Oonnective—‘I'iaeue 0011 11190108 . The fihree of white fi

hrons tissue, wherever it is found, are un ited in to bundles
by structureleee ground material knownas the canon! sub
etwwo, which also inveete each bundle, or ekein as we may
call it, with delicate eoating. In this ground enh

st1mee are nnmerons cavi ties, hmnehed and flattened in

one dim eter, and often intereommnnieating
hmnehee Inthese eavities l ie nucleata l nmsses of proto
plasm (Fig . frequently also bmnehed, known as the
connecflvc—tiam coqmscles. These it is which bui ld up
the tissue, each cell in the course of development forming
around it 11 quanti ty of intereellnlar substanee, which enh

sequently becomes fibrillnted i n great part , the remai nder
fmm ing the cement. The cells do not qui te ti ll the envi
ties i n wh ich they lie, nnd these opening into others by
the ir ofisets there is formed set of minute tubee mmify
ing through the connective tissues ; and (since these in
turn permeate neerly all the Body) pervading al l the organe.
In these eell cavi ties and the ir branches the lymph Howe
before it entem definite lymphatic vesaels, and they are ae
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cordine knownas lymp lz canc liouli. In addi tion to the
fixed branched connective—fiasne corpnsclea lying inthe envi
ties of the gronndo enhatanee there are often found other
cel ls, when l iving connective tissue is exam ined by themicro
seope. These cells much resemble white blood empneclee,
and probably nre such which have hored through the walls
of the finer hleod-vessels. They creep about along the
eena.licnli by means of the ir faculty of am<ehoidmomment‚
and are known 118 the “ wandering eelle.

” During in

flammation at any point the ir number in that region is

8 11d Variationof 00nnectivo Tissue . In various
parts of the Body are connective-ti ssue atm etnree wh ich
have not undergone the typical development, but have de
perted from it in one way or another. The cells havi ng
formed 11 non—fihrila l intercellnlar snhstanee around
them, development may go no further and the mass remain
permanently 88 the j elly - like eonnective twszw; or, as in
the vi treous humor of the eye (Chap. XXXL) , the cells
having formed the softmatrix, may d isappear and leave the
latter only. In other cases the intercellnlar snhstanee

disappears and the cells branch ing, and joining hy the ende
of their hrenches, form a network themselm ‚ nucleated or
not at the points answering to the centre of each originally
separate cell. This adcnoid eonnective tissue is found
wid e di stributed in the Body especial ly in connection
with the lymphatic system, and Ior1ning 11 supporti ng
framework for the proper nervons elements in the brain
nndspinal card . In other cases the cells almost alone een
stitnte the tissu

_

e , heemning flattened, closely fitted at their
edges, and united by a very smal l amount of eement sub.

stanee. Membranes formed inthis way lie beneath layers
ef epithel i um in many places and are knownas basmwnt
membra

_

nes‚
and the flattene<i eel ls which line joints and the

Serena cavi ties seem really to be close appoeed flattened

eonnective-tiem e w rpueelee

Elasti c Cartilag e, and Fibro-Oertilege. We may now
return to cartilagee and consider these forms which are
made up of more 01° less true cartilage m ixedwith more 01°
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with rare exeeptione‚ form an ineonsp icnons part e! it in
ite fu11y developed state , the cine! mass of 1t consiüing

is not fibrillated; but these cartilages pass insensibly inva

rious regione of the Body into elast ic or fibm-carti lages, and
these letter in turn in to elastic 01° fibrons connective ti ssue.
The lamellm ot bone, too, when peeled off a bone sofiened
inac id and examined wi th a.very high ma.gnifying power ,
nre seen to be pervaded by fine fibres. Strnetnrally‚

there
fore , one eendraw no hard and fast line between thw tie

enes. The same is true of the ir chem ical composi tion ; bone
and white tihrons tissue contai n enhatance (collagen)
which is converted into gelatin when hoiled inwater ; and
inold peop le many cartilagee become hardened by the de
pos i t intheir matrix of the same lime enlte which give its
hardness to bone. Further, the developmental h istory of
al l of them is much alike. In very early life each is repre
sented hy cells only these form nn intermediate snbetance,
and this subsequently may become fibrillated‚ or ealcified.

or both . Finally they all agree inman ifesti ng inhealth no
great physiologieal activi ty , their use in the Body depend
ing upon the mechanical properties of the ir intereellular
snhetanee.

The close all iance of 1111 three is further shown by the
frequency with which they replaee one another. All the
honee and cartilages of the adult are at first represea

only hy collectione of connective tissue. Before or after
hirth th is is insome cases m hetituted hy bone directly (as
in the case of the eollar—hone and the hones onthe root of
the skul l), while inother cases cartilage snpplants the con
h ective tieene, to be afterwards inmany places rep laced by
bone, while elwwhere it remai ns throughout l ife .
Moreover in difl'

erent adul t animals we oftenfind the
same part hony inone , cartilaginone ina second, and oem
posed of connective tissue ina th ird : so that these tim es
not only represent one another nt different stage; in the
l ife of the same animal but permanently throughout the
whole l ife of difiemnt animals. Low in the anima l seele
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we find them all represented 111111e by cells with struc

tureleee intemellnlar euhetanee : 11 l i ttle higher in the scale
the latter becomes flbrillated and forms distinct connetstive
tiesne. In the highest AIt (see Zoology), as the enttle
fiehee, th is is partly replaced hy cart ilage, and the same
is true of the lowest fishes; while insome other fishee and
the remaining Vertebrates, we find more or less bone ap
peari ng in place of the original conneefive tim e or earti

ag
h

t
ai'om the sim ilari ty of their modee of development and

fundamental structure, the tmnsitional forms which exist
between them , and the frequency wi th which they replaee
one another, histologists class al l three (bone , cartilage, end
connective tim e) top ther as homologous tissues and re

gnrd them as difiere11tiations of the same original atm e

Hy gieni c Bemaflm. Since inthe nem born i nfant many
parte which will ultimat e become bone, consist only of ear
tih ge, the young chi ld requires food which shall contain
large pmpcrtionof the l ime ealtewhich are need inbuilding
up bone. Nature prov ides this inthe mi lk , which is rich in
euch seits (seeOhep.XX . and no other food eenthoroughly
rep lace it. If the mother’s heal th he such as to render it
unwise for her to nurse her intant, the best substi tute,
mpert from a wet—nnree, wi ll be eow

’
e milk dilnted wi th one

tonrth ite volume of wate r. Arrowroot, corn-flonr, and

other starchy feeds will not do alone, since they are all defi
cient in the required a lte, and many infante though given
food ahundent inqmntity are really stnwed, since the ir feed
does not contain the snhetanees requisi te for the ir healthy

At hirth even those honee of a ch ild which are meet oesi
tied are often not eontinnone maseee of esseo1m tissue. In
the humerns for example the shaft of the bone is well
omified and so is each end , but between the ehafte and each

none layer, and at those points the bone inereaeee inlength ,
m w filnge hdng tormednnd replaced by i t. The bone
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the perimtetmn The mme th1ng 1s tm e ef the honeu nf the

leg. 011 aeeennt ei the largely cardlagincnsand impetteetty
knit state of its honee, it i8 erqel to eneourage a yonng ehild
to walk beyond it8 strength, and may lead to “ bow - leg8”

or other permanent distortions. Nevertheleea here else
where in the animal body, moderate em ise promotee the
growth of the tiesnes coneerned, and it ie nenrly ae had to

wheel childnhoi1t forever in 11 bahy
-carriage 118 to force

it to walk beyond its strength.

The best rnle is to let healthy chi ld nee its limheWhen
it feels inclined, but not hy preise or blame to inci te it to
eflorte which are beyond ite age, and 80 eaerifiee ite heal thy
growth to the vanity of pamnt or nnree.

wi th the shaft of many bones takes place only ee tnpß1311

tiv e late in life, and the age at whieh it oee11rs variee

much in different bonee. Generally speaking, a layer of

cartilage remaine between the shaft and the ende of the
bone

, until the latter has attained i ts fullednlt length . To
take 11 few examples : the lower nrtienlnr extrem ity of the
humerne only heemnee continnene with the shaft by hony
tissue in the s ixteenth or seventeenth year of life. The

upper arfienler extremity onlymine the shaft by hony con
tinnity 1nthe twentieth year. The upper end of the femnr
joine the shaft hy bone from the seventeen th to the nineo

te1mth year, and the lower end dur ing the Wentieth . In
the tihin the upper extremi ty and the abaft uni te inthe
twenty-first year, md the lower end and the shaft inthe
e ighteenth 01° nineteenth : whi le in the fihnla the upper end
joins the shaft in the twenty- fou rth year

,
and the lower

end in the tw nty-timt. The separate vertehma 01 the

suernrnare only united to form one bone in theWenty
—fifth

year of life ; and the ilin1n,
isch ium ,

and pub is nnite to
form the 08 inm iwalum about the 88 1110 period. Up to

about twenty-five then the skeleton IS not fi rmly “ knit
,

and 18 incapable, wi thout riek of injury , of bear ing strains
which it might afterwnrds meet with impuni ty. To let
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and somet imes 11 thin layer of protoplasm forms 11 lin

ing to the ee11-wal l. The emmatter eoneieta of a m ixture
of pelmatin, olein and steari n, which are componnde of
palmi tic, stearic and oleie w ide with glyeerine, three
molecules of the aci d be ing eomhinedwith one of glycerine,
with the el imination of water ; 118 for example

3 (C1 1H1 10)
01 H1

O
'

+ 3 HO



CHAPTER IX .

THE STRUC
'

I
‘
URE OF THE MOTOR ORGANS.

l ottoninAnimalsnnd Plants. If one were asked te
point ont themost distinctive property of 111 ing animale, the
answerwonldprobat be, the ir powerof executing spontane
0118 mowmente. Animals as we commonly know them are

rare at rest, while treee and stenes move only when acted
upon hy external foreee, wh ich are inmost cases readily te
eognizable. Even at their quietest times some kind of me.

tion is observable inthe higher animals. In 0111 0W11 Bod
ies during the deepest sleep the breathing movemente and
the best of the heart continne; their eeseationis to an ou
100k01° most 0bvioue signof death. Here however, 88 else
where in Biology, we find that preei8e honndariee do not
exist ; at any rate 801111 8 8 animals 111111 plante are concerned
we cannot draw a hard and fast l i ne between them with
reference to the presence 01° ahmnee of epperently spontak
neons moti lity. Many 11 flower 01088 8 inthe even ing to ex
pand againinthemorning sun and inmany plante eompara»
tively rapid and extensivemovements08 11 he called forth by a
dight touch , which 1ni tse lf 18 qui te inenflicient to produce
mechaniw that amount of motion in the mass. The
Venne’s flytrap (B ienau.numeipnln) for example has fine

heim on i ts leaves, and when these are tonehed by an inwet
the lest closes up 80 es to imprison the animal , which is
enheeqnently digeeted and absorbed by the lead. The higher
plante it is true have not the power of lowm tion, they
cannot change their place 8 8 the higher animals ean; hut
011 the other hand some of the lower animals are perma
h ently fixed to one spot ; and among the loweet plantemany
are knownwhich awim about activ e through the water in
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those which have undergone least ditferentietion in their
deve lopment, and which therefore resemh1e each other in
possessing, ina more or leeeman ifest degree, all the funda
mental physiological properties of that s imple 1118 88 of pro
toplnen1 which formed the starting point of each ind ividual .
With the physiological d ivi sion of labor wh ich takes place
inthe higher forms we find that, speak ing hm dly, plants
especially develop nutri tive tissnee, wh ile animals are cher
acterized by the high development of t iesnee with motor
nnd irri table properties ; so that the preponderanee of these
letter is very marked when a complex animal, l ike a dog
01

°

8 man, is compared wi th a complex plan t, like 11 pine
or a. h ickory. The higher animal possesses inaddi tion to
greatly developed nutri tive tissues (which difier only in
detai l from those of the plant, und eonetitnte what are
therefore often called organe of vegetd 1

'

ve life), we ll-tievel»
oped spontaneons, irri table and contracti le tissues, found
mainly inthe newens and mneenler systems

,
and £011

_

11ing
what have been called the orycme of animal life. S ince
these place the animal in close relationship with the eur
ronnding un iverse, enabling slight external foreee to excite
it, and it inturn to aetnponexternal ohjeete, they are also
often spoken of 118 orgcms of rela tion. In manthey have
higher development onthe whole than inany other animal ,
and give him his lem1ing place in the animate wor ld, and
his power of 80 larg e controll ing end di recting natnral
fereee for his owngood, while the plant canonly passiv e
strive to endnre and make the best of what happens to
it ; it has l ittle er no influence 1n controlling the Itap
p ening .

Ammboid Celle. The simplestmotor ti ssues inthe adult
HumanBody are the amcehoid cells (Fig . 12) already de
scribed , which may be regarded as the slightly modified
desoendante of the nndiflerentiated cells which at one
t ime made up the whole Body. In the ttt they are not
attach ed to other parts, so that their changes of form only
effect them elvee and prodnee no movements inthe rest of
the Body. Henee with regard to the whole frame they
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poxtionof the primitim protoplasm ic mass, which forms the
eilia. These, being supplied wi th food hy the rest of the
cell

,
are mised above the vulgar cares of life and have the

opportunity to devote their whole attention to the perform.

anee of automatic movements; which are accordine far
more rapid and precise than those executed by the Whole
w efore any divieionof lahor hadoecurred init.

That the movements depend upon the structure andcom
posi tion of the cells them elvea‚ and not upon influeneee
teach ing them from the nervous or other tiesuee, is proved
by the fact that they continue for a long time in isolated
cells

,
removed and placed in liquid , 118 blood eemm , which

does not al ter the ir physical constitution. In cold-blooded
animals, as turtles, whose consti tuent tiscuee frequently
retain the ir individual vi tali ty long after that bondof un ion
has been destroyed which censtitutee the life od the whole
animal as distinct from the lives of i ts different tim es, the
cfliated cells i n the windpipe have beenfound still at work
three weeks after the general death of the animal .
The Museles. These are the main motor organs ; their

general appeamnce is wel l known to every one in the lean
of hutcher’

e meet. Wh i le amceboid cells can only move
themselves‚ and (at lewt in the Human Body) ciliated
cells the layer of liquid with whi ch they may happen to be
i n contact, the majori ty of the mueoles, be ing fixed to the
skeleton , can, by altemtions in their form , bring about
changes in the form and posi tion of nearly all parts of the
Body. With the skeleton and jointe, they constitnte pre
em inently the orgune of motion and locomoti on‚ and are
govem edby the nervous system which regulates theirnetiv
i ty. In fact skeleton, museles, and nervous system are
w rrelnted parts : the degree of usef1flness of any one of
them large depends upon the more 01° less complete de
velopment of the others. Man

’
8 highly endowed senses and

his powers of reflectionand reason would be of li ttle use to
him , were his muscles less fitted to carry ou t the dictates 01
his will 01° bis joints less numerons 01

° mob ile. All the
muscles are under the control of the nervons system, but

all are not govom ed by it with the co-operation of W ill er



sbolctal m ache, are also from their m icroecopic characte rs
known as stripedmusclea, whi le the latter, or visceralmus
claz, are called unstriped or p lainmusclea. The skeletal
mmelee be ing generally more or less s ubject to the control
of the wil l (as for example those mov ing the l imbs) are
frequently spokeu ot as voluntary , and the viweml musclee,
which change their form independently of the will , es invol
wntary . The heart-muséle forms a. sort of in termediate
link it is not directly attached to the skeleton , but forms
a hollow bag which drives onthe blood contai ned in it and
that qui te involuntar ily ; but in i ts microecop ie structure it
resembles the skeletal voluntary muecles. The muselee of
respiration might perhaps be ci ted as another in termediate
group. They are str iped skeletal muscles and, as we all

know, are to a certain extent subject to the will; any one
can draw deep breath when he chooses. But in ordinary
quiet breathing we are quite unemmcions of their working,
and evenwhen attention is turned to them the power of
control 18 limited ; ne one eanvoluntarily hold h is breath
long enough to eufiocate himself. As we shall see hereatter,
moreover, any one or ell of the striped muscleeof the Body
may be thrown into activi ty i ndependently of or even
agai nst the will , as, to ci te no other i nstances, is seen in the

fldgete
" of nervousnees and the irrepressible trembl ing of

ex treme terror ; so that the names voluntary and involun
tary are not good ones. The functional differences be.

tween the two groups depend really more on the nervene
connections of each , than upon any essential difference in
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white cards wh ich cons ist nearly en tir e af white fim'

oms

connective t issue. These term inal corda are caHed the

Imdom of the muscle and serve to attach it to parte of the
bouy or eartilag inons skeleton. In Fig .

—t8 is shown the
bicepsmusdoof thearm, which l ies i n front of the hunmw .

Its fleshy be lly, B 6, is seen to div ide ahove md end there
i n two tendone, one of whi ch, Bl, is fixed to the 808 p ll18 ,
while the other joins the tendon of ne ighbor ing muscle
(the coroco$rachwl) and is also fixedabove to the shoulder
blade. Near the elbow-joint the muscle 13 wntinued i nto
a single tendon , B , which 18 fixed to the mdius, but g ives
an oflshoot, B

"

, to the con ectivo-tissue membranes lying
around the elbow—joint
The belly of every muscle poeaeseea the power of shorten
ing forcibly under certain condi tions. In so doing it pnlla
upon the tendons, which being eompomd of inextensible
white fibrous tim e transmi t the movement to the band
parte to which they are attached , just as ph il at one end
of r0pe may be made to act npondistant objects to which
the other end is tied. The tendons are mer e pass ive
cards and are sometimes very long, as for instance i n the
case of the museles of the fingen, the bellies of many of
which lie away in the forearm.

If the tendons at each end of a muscle were fixed to the
same bone the muscle would clearly be able to produce no
movement, unless hy bending or breaki ng the bone ; the
probable result in such case would be that the muscle
would be tom by i ts ownefiurta In the Body, however ,
the two ende of muscle are always attached to two difier
ent pieees of the Skeleton , between which more ar less
movement is permi tted , and so when the musele pnlle it
altem the relative posi tions af the parts to which i ts ten
done are fixed. In the great majori ty of cases a true joint
l ies between the bones onwhich the muscle can phi l , and
when the latter con!rarts it pmdnees movement at the
joint. Many muecles even pass over two joints and can
produce movement at e ither , as the biceps of the arm

which , fixed at one end to the eoapula and at the other to
themadiue, can move the bonee at ei ther the shoulder or
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elbow joints. Where a muscle pw ca over an artienlation

it is nearly always reduced to nm ow tendon ; otherwise
the bulky bellies lying around the joints would make them
extremely clumsy and limi t thei r mobi li ty.
Orig i n and Inser ti on of H undes. Almost i nvariably
that part of the skeleton to which one end of a muscle is
fixed is more easi ly moved than the part ou which it pol ls
by i ts other tendon. The 10% momble attachment of
muscle is called i ts origin‚ the more movable its insee
Tak ing for example the bicep s of the arm, we find that
when the belly of the muscle contraete and pnlls on i ts
upper and lower tendons, it commonly moves only the fore
arn1, bending the elbow-joint as shown in F ig. 49. The

shoulder ia 80 much more firm that it serves as a fixed

point, and so that end is the origin 01 the muscle, and the
forearm attachment, P , the insertion . It is clear, how
ever

,
that th is distinction in the mobi l ity of the points of

fixationof the muscle is only re lative for, by changing the
conditions, the inwrtionmay become the stationary and
origin the moved point ; as for instance i n going up
mp0

“ hand over hand, " In that case the radial end of
the muscle is fixed and the shoulder is moved through
space by its contraction.
Di®rent Forms of Muselee. Many muscles of the
Body have the simple typical form of a. helly taperi ng to a



Fig. 50) are called penmform or feath o

er—like ar tendon YIIDB obl iquely down
the middle of the muscle and has the
fihres of the belly fixed obliquely on

each side of it (0, Fig. forming a

bipmniform muscle 01° even two ten
done may run down the belly and 80 form
a tripenm

'

form muscle. In a few cases
tendon is found in the m iddle of the
belly as well as at each end of it ; such
musclee are called digastr ic. A muscle
of this form (Fig. 51) is found in con

nection wi th the lower jaw. It arises
by a tendon attached to the base of the sha ll ; from there
its first belly runs downwards and tow ards to the neo]: by
the side of the hyoid bone, where it ende i n tendon
which

"

paews through loop serving as pnlley. This i s
succeeded by a second be lly directed upwards
towards the chin , where it endem tendon
inserted into the lower 1aw. Running along
the front of the bellv from the pelvi s to the
cheat is a long muscle ou each side of the

m 51 —A m iddle line called the rectus abdomin
'

ie it

is polygastr1
'

c, cons isti ng of four belliee sep
arated by short tendons. Many mneeles moneover are
not rounded but form wide flat massee, as for example
the muscle 88 seen onthe ventral side of the shoulder-blacie

inFig. 48 .

Gross Structure of Muscle. However the form of
the akeletnl mnselee and the arrangement of the ir tendona
maj u ry, the eesential zflnetnre of all is the same. Each
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oonsish1 of a pmper atr1
'

pedmm ula r lisaw . which is i ts os
eential part, but which is supported by connective tism1e‚
nourished by blood-vessels nnd lymphatics , and has its ac
tivity governed by nerves; ao that a great variety of things
go to form the complete orgun.

A loose sheath ot areohu'

em mective tim e, called the
perimysium,

envelops each muscle, and from this parti
tions mm i n and eubdivide the helly i nto bundlee orfasci
m l«i which run from tenden to tenden, er fer the whole
length of the mneele when it bee no tendam . The eeam
nese er fineness ot huteher’ement dependa upon the ame
th .1 pnmnry 1 ;j:_ li

,
Which diflm i n di 1

of the 1 1 e animal . Thm larger faecienli m euhd1v1ded

by fin
e
r wuaeetne tm ae

ones (ws shown in Fig 52,

which repreeenta a few pri
mary fmeiculi ef museie

und the secondnry M enü
i nto which these di

vided), each of which een

eista of a certain number of
mm ular fibrea honnd to
gether by very fine een

nective tim e and envel»
oped in a close network of microeeopic blood v 1„

Where muscle tapers the flhnes i n the fasciculi become
lm nnmerons, and when a tendon is formed
altogether, leavi ng l i ttle but the emu1ective tieene.

Hintolom of Mu ch . For the prment we need only
wneernonm lveawith themmen]ar fibres. Each of them is
from e ight to th irty-tive mill imeters to 1} inch) long,
but only from to mm. to inch ) in
dim eter in its widestw t, and tapering to a point at m h

end. Henee in long mueclee wi th terminal tendone‚ no
übte w as the whole length of a £aecicnlns, which may be a
foot or more long, but the faecienlus is made up of many
eneoeeeive fibres, the nnrmw end of each fitting inbetween
the ende of those which follow it. In short 01° penn iform

m .n- 1 m aßbit of mu ch como
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power of sh
ortening i n the direction of their long

the walls of which they lie.

m ;; This een

m 61 flattened hmnehed cells which uni te
to form a network , in the interatä 01

which blood capillaries and nerve-fibres run.

The eells prwent traneveree striationa, but

not so distinct as those of the sketeßlman
and are said to have no sarcolemma.

Tim e. The
chemical structure of the living mnwular
fibre is unknown , since all the methods of
chem ical analysis at preéent discovered de
eompoee and k i ll it. It contains 75 per
cent of water ; and, among other i norgan ic
cmwtitnenta, phoephetea and chloridee of
potassium , 80di 11 111 , andmagneninm. When
at rest livingmuscle is feenalkal ine, but
after ha dwork, orwhen dying, thi s m tion

is reverwd through the formation of mmo
leetie acid Muscles contain email

quentitienof grape mgnr and glycogen, end of organic



tnining proteid , w hohydrate

during muscular work th is is broken np yield ing proteids,
carbon diox ide, samolactic acid, with probably other

for th is hypothetical substance, which has never
isolated, the name imyan has been proposed.

The main prote id substanm obtained from muscles is that
known as myosin, which 18 prepared 118 follows. Perfectly
fresh and st i ll livi ng muscles are cut out from 8 frog which
has just been k i lled by destruction of its brain and spinal
oord, a proceeding which entir e deprives the animal of
eomcionsness and the power of using i ts muscles, but
leaves these letter unaltered and al ive for some time. The
excised mnaelee are thrown into vessel cooled below 0° C.

by freezi ng mixture and 80 are fmzen hard before any
great chem ical change hashad time to occur in them. The
solidified musclee are then ent up into thin shoes, the b i te
thrown ou a cooled filter and let gradually warm up to the
freezi ng point of water, with the addition of some ice-cold
per cent solution of common sal t. Gradnally a small

quanti ty of a. tenacious l iquid filters through which is at

first allufline to test—peper but soon sets into jelly and
becomes acid. The coagulation and the ac idi ty are due to
the breaking up of the muscle enhstan<>e into the 111

_

yoei 11
and other bodies referred to above. At first the jelly is
transparent , hnt soon the myosin becomes opaq

°

ne and
sht i t1he j ust like blood fihrin, squeez ing out 8 quantity of
a made serum, and remai ning itself as the muscle dot.
Myosin thus prepared 18 inmlnhle i n water and in saturated
solution of common ealt, but sola e i n five or ten per cent
wstery solutions of the letter substance. When boiledü
18 turned into coagulated prote id(p . 1 1 ) and becomes in;
sola e in dilnte w ide, in which the original myosin weg
uolnhle, be ing at the same time , however, converted into
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m other proteid, called synlom
’

n, which was formerly con
sidered to be the original proteid yielded by the muscles.
8yntom

'

n is insoluble i n water but sola e i n dil11te acida

facts it is clear that when a muscle is boiled inwater i ts
myosi n 18 coagulated and left beh ind in the ment : even if
making he eommeneed by soaking i n cold water, the myosin
st i ll remaine as it is insoluble i n cold water. Beet tee as
ordinari ly made, then , contains li ttle but the fiavoring
matters and ealts of the meet andeo1ne gelatin , the former
mak ing it deceptively taste 118 ii it were a strong solution
of the whole meet , whereas it contains but l ittle of the most
nntritions proteid portions, which in an i nsipid shrunken
form are left when the l iqu id is strained off. Various pro
poeala have been made with the object of avoiding thi
and gett ing a really nutri tive beef tee ; 8 8 for examy1 |e
chopping the mwmeet fine and soaki ng it i n strong brine
for some hours to dissoh e out the myosi n ; or extracting it
wi th dilute acids which tnrn the myosin into syntonin and
dissolve it, at the same time rendering it non—eoaguiabieby
heat when subsequently boiled. Such methods, however,
make nnlmmble compounds which inval ids, 88 8 w ie, w ill
not take. Beet ten18 8 slight stimulant but hardly food
and cannot be rel ied upon to keep up 11 patient

’
sstrength for

any length of time. LieMg
’
s a tmet af man! is essentially

very strong beef ten: contain ing much of the flavering
enbetanees of the ment, nearly all i ts ealts and the crystal
l ine ni trogenous bodie8 , euch 8 8 kreatin , which exist in
muscle, but hardly any of i ts really nutri tive parte. From
its stimulating eflects it is often useful to persons i n feeble
heal th , but other food should be given with it. It may
also be used ou aecmm t of its flavor to add to the stock”

of 8011p and for sim i lar purposes ; but the erroneousness of
the common bel ief that it is a highly nntritions food can
not be too strongly insisted upon . Under the name of
liquid extracts of ment other snbstances have been prepared
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CHAPTER X .

THE PROPERTIES OF MUSCULAR TISSUE.

Contractili ty . The characteristie physiologioal property
11! 111 1180111111 tissue, and that for which it is employed in the
Body , 18 the facul ty possessed by i ts fibree of ahortening
forcin under certai n eirenmstanms. The direction in
which this shortening occurs 18 alwaye that of the long axie
of the übte, i n both plai n and striped muscles, and it 18
mecmpanied by an almost equivalent th ickening i n other
diametem, so that when 8 muscle contraete it does not
shr ivel up or dimin ish its bulk in any app1eciableway ; it
simply changes i ts form. When a muscle eontraete it 8 180
becomes harder and more rigid, especially if it has to over
come any resistance This and the change of form can be

wel l felt by placing the fingen of one hand over the b iceps
muscle lying i n front of the hnmerns of the other ann.

When the muscle is mntracted 80 8 8 to hend the elbow it
canbe felt to ewell out and harden es it shortene. Every
schoolboy knows that when he appeals to another to feel
h is muscle” he eontracts the latter 80 88 to make it thi cker
and apparently more mass ive as well as harder. In statues
the prom1neneee on the surface, indicating the mnsclee he«

neath the skin , are made very conspicuons when violent
effort is represented , 80 8 8 to indicate that they are in Vigor
0118 action . In 8 muscular fibre we find no longer the slow,

irregular, and indefinite changes of form seen in the andit
ferentiated ce lls of early development ; this is replaced
by a precise , rapid, and definite change of form i n one di
rection only. Muscular tissue represents group of cells
i n the bod ily community, which have taken up the one spe
cial duty of executi ng changes of form, and in proportion



fibree m ffer thenmelves to be passive extended agai n by
any force pulling upon them, and they 80 regain their rest
ing nhapo; and since i n the living Body other parts are
nearly i nvar iably put upon the stretch when any given
muscle eontmete, these by the ir elasficity serve to pnll the
latter back 8g8 in to its prim i tive ahepe. No muscular
übt e is known to have the power of activ e expanding after
it has eontraeted: i n the active state it forcinmeiste ex
tension , but once the contracti on is over it snfiere i tself
readi to be pnlled out to i ts t esti ng form .

Irrlt ; bfl ity ‚
Wi th that modification of the prim i tive

pmt0plasm of an ammboid cell which gives rise to 8 mue
enlnr übte , with its great mntraetility, there goes 8 1088 of
other properties. All trace of spontane i ty seems to dieap
peat ; mneclee are not automatic l ike native protoplasm or

ci liated cells ; they remain at rest unless directly excited
from without The amount of external change required
to excite the livi ng muscular übte at any moment is, how
ever , m y 81118 11; in other words, it is highly irritabk ‚ 8

very li ttle thing being auflicient to call forth 8 powerful
em1traetion. In the l ivi ng Human Body the exciting force ,
or atimulus, acti ng upon 8 muscle is almost invariably 8
w ww impulse, 8 molecular movement transm it along
the nerve-fibres ettaehed to it, and upsetting the eqnili

brinm of the muscle. It is through the nervee that the will
note upon the 1nneelee, and accordine injury to the nerve
of 8 part , 88 the face or 8 limb, will cause paralyuis of i ts
mnaelee. They may sti ll be there, i ntact and qui te ready
to work , but there are no means of sending commands to
them, and so they remai n permanently idle. Al though 8



130 THE EM BODY.

nervone tmpnlse 18 the natural physiological numeq
etimnlns it is not the only one known. II 8 muscle be
exposed in 8 livi ng animal and 8 alight but endden tap be
given to it, 01° 8 hot bar be suddenly brought near it, 01° 8 11
electric Bh00k be sent through it, 01° 8 drop of glycerine or
of solution of ammonia he phwedonit, it will contract ;
that in addi tion to the natural nervons st imnlus‚ muscles
are irri table under the influence of mechanical, thermal ,
electrical, and chem ical stimuli. One condi tion of the ci

ficacy of 8 11 of them is that they shall not wi th some sud
denness; 8 very slowly increased pressure, even if ultimately
very great , ar 8 very alowly rai sed temperature, 01° 8 slowly
increased electrical current passed through it, will not ex
cite the mneele; although far less pressure, wannth, or
electricity

, more rapidly appl ied would stimulate it power
1
‘

1illy . It may perhaps sti ll be objected that it is not prove<l
that any of these stimuli excite the muscular 611188 , and
that in all these cases it is possible that the muscle is only
exci ted through its nenee For the various stimul i named
above 8 180 exci te newes (see Chap. X III), and when we ap.

ply them to the muscle we may really be eating first upon
the fine nerve endings there , and only indirectly and

through the mediathm of these upon the mnscular fibres.

That the muscu lar (ihres have 8 pm per irri tabi l i ty pi
their own, i ndependently of their nerves, is, however, shown
by the action of certa in druge—for example curari, 8 South
American Indian arrow poieon. When this substance is
introduced in to 8 wound, all the striped mneeles are
apparently pc imned‚ and the an imal d ies 01 entfoeation

because of the cessation of the breath ingmovements. But

the poison does not really act ou the mnacles themevl1w
it k i lls the mnecle nerves, but leavee the muscle intact ; and
it k ills the very endings of the muecle-nerves right down
inthe muscle fibres themselvee Now after i ts administm»

tion we still find that the various non -physiological stimul i
referred to above make the musclee contract just as

powerft 88 before the poisoning, so wemust conclude that
the mnsclee themselves are irri table in the absence of 8 11
nerve stimuli—or, what amounts to the m e thing, when
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its resting form is known 8 8 8 einzp lemuscq contraotion
"

or 8 twitch.

”
It occupies i n the img about one ten th of

8 second and 18 eeparable into three port ions. First, there
elaspes 8 time, after the stimulation 8nd before the com

mencement of the shorten ing, which 18 known as the lost
time” or the pefl odof Meet oxeeteriemt. This 188 18 about
one hundredth of 8 second , and represents the time dur ing
which moleculesr changes preparatory te the eentmctionare
tak ing place inthe 111a 8 fibree. Then follows the short.
cu ing, at first slow, then mp1d, then elewer 8g11111 up to 8

maximum , and occupying nether more than half of the te
main ing time ; the elongation eeenpiee the remainder of the
time taken up in the eontm tion. Inwerm«»hlooded ani
male, the dnretionet 8 etmple mueeular een

1888 than one tenth of 8 1 1 6 and 811 its =
.i

ened. Ineny given animal, cold
in 8 mneenlar eontm tionend 8 180 impfirs the cent
power, 8 8 we find i n our own 11mhe when 1 1 wi th
eeld. Moderate wem th on the other hand (up te 8%
the point at which heet -rigor 18 produced ) diminiehee the
deration 01 the eontraetion; so that the molecnler chm gee

i n emneeular fibre are clearly em inently susceptible to slight
ehe.ngee in its environment The contm ctility of 8 mM e

not depend upon 8 v ital force, entir e dietinet &em
ordinary inanimate f01°8 88 ‚ but upon en oi 1te

material elemente, which is only maintained under em
tain conditions and 18 emi nently modifiahle by the eur

roundings.
Phy siolog im l Tetenna. It 18 ohvione that the ordinary

movements of the Body are not brought about by each teen
eient muecular em1trw tions 8 8 those describd in the last
paragraph . Even 8 wink leete longer than one tenth et 8

second. Onr movementsere, i n fact, due tomore prolonged
eontmctione which may be described 8 8 eoneieting of seva nl
simple twitchea fused together , end known 8 8 tetemic

aontraotions it might be better to mil them emupound

contractione,
”
8111% the word tetanus h8 8 long been med

hy pathologiste to signify 8 dieewed state, euch 88 oeem



111 Btryehnine pokening and hydrophobh , inwhich most of
the muscles of the Bmly are thrown into prolonged and
powerful involuntary contracti ons.
If, wh ile 8 tmg

’
e muscle is still shorteningunder the 111

fluenee of one electric ebook , another stimulus be given it,
it wi ll contrac t again and the newcontrad ionwill be added
onto that already existing, without any period of elongation
occu rri ng between them . While the muscle is stil l con
tracting under the influence of the second stimulus 8 third
electric ehock W111 make it contract more, and 80 on, until
the muscle 18 shortened 8 8 much 8 8 18 possible to it for that
stret of 8ti tll tll llß. If now the stimuli he repeated at

the proper interm ls, each new one wi ll not produce any
further shortening, but, each acting ou the muscle before
the efiect of the last has begun to pass 06 , the muscle wil l
be kept in 8 state of permanent or tetanie” contraction
andthis canbe maintai ned , by continu ing the stimul i , unti l
the organ begins to get exhausted 01°

“ fatigued” and it
then commences to elongate 111 spi te of the stimulation .

When our muscles are stimulated in the Body , from the

nerve-centres through the nerves , they rece ive from the lat
ter shout 20 stimuli 111 8 second, and 80 are thrown into
tetnnie eontraetione. In other werde, not even in the
most rapid movements of the Body 18 8 muscle made to
exeente 8 simple mumular wntraction; it is always 8

longer or 8 shorter tetanus. When very quick movements
8 18 executed, 8 8 in performing rapid passages onthe piano ,
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ehorten to one th ird of its reeting length , but in the Body
the strongeet eflort of the will never prodnoes 8 eontrae

tion of that exten t. Apart from the rate of stimulation ,
the strength of the stimnlns has some influence , 8 greater
stimulus caneing 8 greater contrach

'

on, but very 80011 8

point 18 reache<l after which increasi ng the stimulus pro.
(11108 8 110 increased contraction ; the mnscle has reached
its limi t. The amount of load carried by the muscle (01
the res istance oppoeed to i ts shorteni ng) has 8180 an infin
ence, and that in 8 very remarkable way. Suppose we
have 8 frog’s eelf-mnecle, carrying no weight , and find that
with 8 stimulus of 8 certain strength it shortens two n1illio
meters (f, i nch) . Then if we hang one gram gw i ns)
onit and give it the same stimulus, it wi ll be found to con
tract more , say four or tive m ill imeters, and 80 on, up to
the po int when it carries eight or ten grams. After that
8 11 i ncreased we ight will, wi th the same stimulus , 08 8 88 8

less contraction . So that up to 8 certa in l im it , resistance
te the shortening of the muscle makes it more able to
shorten : the were greater extension of the muscle due to
the greate r resistance Opposed to 1ts shortening, puts it into
8 state i n which 1t is able to eontract more Iwwerq y .

Fatigne dimimshes the working power of 8 muscle und rest
restores it, especial ly if the circulation of the bloodhe going
onin it at the 88 1118 time. A frog’

s muscle cut out of the
body wil l . however, be consideranre8 tored by 8 peri od of
rest , even al though no blood flows through it.
The Measure of Muscular Work . The work done by

8 musclem 8 given conne ction , when it lifts 8 we ight verti
cully against gravi ty, ismeasured by the weight 111011841, 111111
tiplied by the distance through which it 18 moved. In the
above 8 8 se when the muscle contmeted carrying 110 load 11
did very li ttle work . l ifting only its own weight ; when
loaded wi th one gra n and l ifting it five m il l imeters 1t d1d

five gram-millimetem of work , just 8 8 an engineer would
say 8 11 engine had done 80 many kilog rammeters 01

° foot
po ll lld8. If loaded wi th ten gra1ne end lifting it six

m illimetem it would do sixty gmm-m i ll imeters of work .

Even after the we ight beocmes so great that it is l i fted
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fihree present i n 8 section made across the long 81188 af the

18 80101111, the greater the load that 08 11 he li fted or the other
reeistance that 08 11 he overeome. Ou the other hnnd, the
extent through which 8 muscle can move 8 we ight in
ereaws with the length of i ts 18 80101111. A muscle 8 foot 1n
length 08 11 con tract more than 8 muscle six i nches long, and
80would move 8 bone through 8 greater distance , pmvided

the resistance were not too great for i ts strength. But if
the shorter muscle had double the thickness, then it could
lift twice the weight that the longer muscle 0011111. We

findinthe Body muscles constructed ou both plans ; some to
have 8 gne8 t range of movement, others to overcome great
resistance , besides nnxnerons in termediate forms which
cannot be called ei ther long and elender 01° short and th ick :
many short muscles for example are not specially th ick ,
but are short mer e because the parts on which they
act lie near together. It 1111181: be hom e i n mind, too , that
many apparent1y long muscles are real ly short stont 01188
those name i n which 8 tenden —rnne down the side or

middle of the muscle, and has the fihres inserted obl ique
i nto it. The muscle (gastrocnem1

'

ua) in the 08 1f of the leg
for instance (Fig. 50, b) is really 8 short stm1t muscle , for
i ts work ing length depends on the length of i ts 18 80101111
and theee are ebert and obl ique, while i ts true 0108 8- 88018011
is that at right 8nglea to the fasciculi 8 11d1svery large. The
force with which 8 muscle 08 11 shorten 18 very great. A

frog
’

e muscle of 1 sqnare centimeter inch) 1nsect ion
08 11 just l ift 2800grams onn0es) , and ahnmenmneele
of the same area more than twice 8 8 much .

Mum m Elasti ci ty A clear distinction must be made
between elastici ty and centractility. Elas' t ici ty 18 8 physi
cal property of matter invirtne of which various bodies
tend to 8 88 11111e or retai n 8 certain shape

,
and when te

moved from it forc1
'

bly, to return to it. When 8 8p it8 1

steel sp ring 18 stretched it W111, if let go, “
00ntract” in 8

certai n sense 111 v irtue of its elastici ty
,
but 811011 8 contrae

t1011 18 clearly quite differen t from 8 muscular eontreetion.

The spring W111 only contract 88 8 resul t of previous dietor
tion ; it cannot or iginate 8 change of form ,

while the mna



It does not mer e tend to return to 8 natum
'

m8pe from
which it 118 8 been removed , but it assumes 8 qu i te new
natural shape

, so that physiologi cal contractili ty 18 8 (1111811

ent thing 1m1nmere phys ical elastici ty ; the essential (118 8 1
enee being that the coi led spring or 8 stretched hand
only gives back mechanical work wh ich 118 8 already been
spent on it, whi le the muscle originates work independ
ently of any previous mechanical stretching. In addition
to the ir eot ty, however , mnecles 8 18 h ighly elasti c.
11 8 fresh 111 118018 be hung up and i ts length measured ,
and then 8 weight be hung upon it‚ it will stretch just l ike
8 piece of indian rubber, and when the weight 18 removed ,
provided it has not been 80 great 8 8 to mjnre the muscle,
the latter W111 return passively‚ without any stimulus 01

act ive eontraction, to i ts original form. In the Body 8 11
the 1111180188 are 80 attached that they usually 8 l i ttle
stretched beyond their natural reeting length ; 80 that when
8 1111111 18 amputated the 1111180188 divided i n the stump
shr ink away considerably. By th is stretched state of the
resti ng elastic 1nnecles two things 8 18 gained . In the first

place when the muscle contracte it is already tant, there
18 no 818011

” to be h8 1118d i n before it pnlls onthe parts
attached to its tendons : and, secondly, as we have already
seen the work i ng power of 8 muscle 18 increased by the
presenee of some resist8nce to its contraction , and this is
always provided for from the first, by hav ing the orig1nand
insertion 01 the 8 1 118018 so far apart 8 8 to be pnlling on

it when it begi ns to shorten.
Phy si ology of Plain 11 11801118 1 T18 8118 . W118H18 8 hith
erto been said applies especial ly to the skeletal mnmles; ha t
18 the main it is true 01 the unstriped muscles . These
8 180 8 18 ir1'1table and contract ile‚ hnt their changes 01 1011n
8 1 8 much more slow than those of the striated 1111188 .

Upon stimulation , 8 longer period of 18tent exci tement
elapees before the contraction commences, and when finally
this takes 111808 it 18 extremely slow,

very gradually attain
ing 8 manmum and then gmdnally dying away 8gail1.
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There seems in fact to be 801118 connection between that 8 1°
rangement 01 the eentraetile 811h818 1108 which shows i tsel f
under the 1111010800118 88 striation and the power of rapid
contraction

,
s ince we find that the heart , which 18 not 11

ekeletalor voluntary mnscle but yet one that eontraete rap.

1d1y, agrees Wi th these 111 hav ing 118 611108 str iated.
Hy gi ene of the Musclee. The healthy worki ng of the

mueeles needs of course 8 heal thy state of the Body gener
ally‚ 80 that they shal l be suppl ied with proper materials
for growth and 1

°

epai1
‘ and have their wastes rapidly and

efliciently removed . In other words, good food and pure
8 11' 8 1 8 necessary for 8 fi goroue m11se11h11 system, 8 1801

which tra iners recognize 111 insist i ng 8 11011 8 strict dietary ‚

and in supervising generally the mode of 1118 of those who
are to engage i n athletic conteste. Themnaelee should 818 0
not be exposed to any 001181de 18 continued pressure since
this interferes with the flow of blood and lymph through
them.

A8 18 1 8 8 the 1nnseles themeelvee directly eon00m e<i ,

011810180 18 the necesmry condi tion of their best develop
ment. A 8 1 118018 which is permanently 11 111180d degenerates
and 18 8b801‘118d, l ittle finally be ing

' left but the connective
tissue 01 the organ and 8 few muscle fibres filled wi th 011

drops. This 18 well seen in 08 888 01 paralysis dependent
oninjury to the 8 01 1188

,
In aueh 08 888 the mueelee at first

may them8elve8 be perfectly heal thy, but lyi ng unused for
weeks they rapidly al ter und,fina.lly , when the ner mns in
j11ry has been h88 18(1, the mnmles may be found 1neapa

01 111n0t1011alacti vi ty. The phys ician therefore 18 often
08 101111 to 3 V0111 th is hy exercising the paralyzed muscles
daily by means 01 electrical sheeks sent th rough the part.
The same fact 18 illustrated hy the feeble endwasted condi
tion of the 8 1 1180188 01 8 l i 111b which has been kept for some
time inspl in te. After the latter have been removed 1t 1s
only slowly . hy judicious and persistent 8 118 10188 , that the
long 1d18 1111180108 regai n the ir former 8188 and power. The

great muscles 01 the “ brawny arm”
Of the blacksm ith 01

wrestler i llustrate the reverse fact , the growth 01 the nme.

0188 by exercise. Exemise, however , m11at 118 judieionsz re.
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fact that gym1mstic 0110101808 8 10wmmonly carried 011 111
11001 8 18 8 great drawback to their value. Whentheweather
p01 111118 , 011001

—d001 011010180 18 f&l' better than that carried
011 111 even the best ventilated 8 11d lighted gymnasium.

For those who are 80 fortunate 88 to possessa garden them
18 110 better 01 010180, 8 1 sui table seasons, than 8 11 110111 8

daily digging init; si nce this 011118 i nto play nearly all the
111 1180108 of the Body : while of games

, the modern 0110 of

18 11 11 tenn is 18 p01h8 p8 the best 110111 8 hyg101110 v iew that
has ever been introduced, 811100 it not only (101111111118 great
111 11801118 1 agil ity inevery part of the Body, 1111 1 11 8 18 8 the
hand t0w01 11 with the eye 111 8 way that walk ing, running,
1
'

0W111g 111111 similar pursui ts do not. F01 the same 108 80118
baseball , cricket, 110x111g 8 10 excellent.
Ex ercise in Infi noy and Childh ood. Young ch ildren
have not only to strengthen thei r 111 1180108 by 01 010180 hat
8 180 10 learnto 1180 them. Watch 8 11 111f8 11 1 trying to con

vey something to its month , and you w ill 800 how l i ttle
control it 118 8 over 118 1111180108 . On the other h8 11 11 the
heal thy infant 18 1101 01 at rest when 8W8k8 ; it constantly
throws its l imbs 8 10111111, gra.sps at 8 11 objects within its
reach , 00118 i tself about, 8 1111 80 gradually 108 18 8 to 01101

0180 its powers. It 18 8 good plan to leave every healthy
ch ild , more than 8 few months old, several times daily 011
8 large bed01 even 011 8 111g 01 08 111e floor, with 8 8 l i ttle
011101 111g 8 8 18 safe and that 88 10080 8 8 possible, and let it
wrigg le about 8 8 it pleases. In this way it will not only
enjoy itself thomnghly‚ but gain strength and 8 knowledge
of 11011 to 1180 its l imbs. T0 keep 8 healthy ch ild swathed
1111day intight and heavy clothes 18 01 1101ty.

When 8 l i ttle later the infant 00mmencee to 01 8W1, it 18
81110 to perm i t it 8 8 much 8 8 it Wishes; but unwise to tempt
it when (1181110110011. The bones andmu scles are sti l l 100
1110and may be injured hv too much work. The m e 18

11 110 of 00mmencing walk ing.
From four 01° five to twelve years of age almost any form

of 011010180 should be perm itted , or even enooumged. At

11118 time, however, the epiphyses of many 1108 08 8 10 110t

firm uniwd to their shafte 8 1111 80 a1lt tending to
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611011 too great 8 strai n on the jointe should be avoided.
After that up to 001111110110111g 1111111t 01 maidenhood any
kind of outdoor 01 010180 101 heal thy persons is good , and
girls 8 108 11 the better 101 be ing allowed to join in the ir
brother? sports. Half 01 the debi li ty andgeneral 111—health
01 somany of 011 1 women 18 dependent np011 deficient ex

d111 111g childhmd‚ 8 1111 the day, which 101 111011w
80018 8 8pp108011111g , which wi l l 800 110118 118 unknown to, 01
88 despised by, healthy girls 88 hea l thy boys, wil l 800 the be.

ginn ing 01 8 great improvement in the 818 1111118 01 the

female p01t1011 01 0111 populatiom
Exercdso 1nYouth should be 10g1118 t0d largely by 801 ;

not that women 8 10 to be ahnt 1111 8 1111 made pale, 1101108 10,

and 111161 to share the (111608 01 participate fully in the

pleunree 01 1110; but the other 08 118 onthe etrength 01 the
adu lt woman render v igorous 11111801118 1 work often 11118 11

visable, especially under condi tions where it 18 apt to be

followed by 8 chil l.
A healthy boy 01 young man m y do neerly 8 11Yth1%‚

but t111t1l twentv—two 01 twenty-three very pmlonged effert
18 unadvisable. The frame 18 sti l l not firm knit 01 8 8

capable 01 011111118 1100 es it will subsequently 110001110.

611 18 should be allowed to ride 01 play 011t-d001 games
111 moderation , and in any 08 80 should not be cribbed in
tight 8 18 3

18 01 tight boots. A 118 111101 111088 8 1111 proper

lawn - tenn ie 811008 8 10 8 8 11000m 101 the heal thy 8 1111 88 10
enjoyment 01 8 11 aftemoon at that m e by 8 girl 8 8 they
8 10 101 her brother inthe b880-118 11 field. R0wing 18 excel
1011t 101 girls 11 there be any one to teach them to do it prop.

edy, with the lege 8 1111 back andnot with the arms only, 8 8
110111011 8 10 80 apt to row. Properly practi ced it strengthens
the 8 1111 improves the carriage.
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8 111111011 v iolent 110111111111. Ou the other 118 1111 the man 01

thirty would 111010 88 1e than the lad01 111110111311 01 Wenty
undertake 0110 01 the long—distanoe walk ing 111 11101108 which
118 10 lute been in vogue ; the prolonged 01101 1 1101111] 110

1088 dangerous to him, though 8 8111 days’ match with 118
atteudxmt 1088 01 sleep cannot 18 11 to be more 01 1088 118 11

gerons to any one. Probably 101 0110 engaged in active
1111811108 11 8 walk 01 8 0011111001 mi les to it 111 the morning
8 8 11 back again inthe aftem oon18 the best andmost 8 1 8 11
able 01 010180. The hab i t which Americans have everywhcre
acq1111011, 01 never walking when they can take 8 horsewar ,
18 certai nly detrimental to the general health ; though the
ex tremes of heat 8 1111 cold to which we 8 10 subject often
reader it 8 8 8 1 01118 1110.
For women during m iddle 1110 the 88 1110 1 11108 apply
there should be some regular but not v iolent daily 011
010180.

InOld Age the 1100111111amount 01 011010180 18 1088 , and it
15 st1 11more important to 8 1 0111 81111d011 01 violet1 t 01101 1.

E1 010100for lnvalids. This should be regulated under
medical 8dV106 . Forfeeble persons gymnastic 01 0101808 8 10
especially 11111118 1110, 811100 from their variety they permi t 01
selection according to the condi tion 01 the individual ; 8 1111
their amount 08 11 he conveniently controlled .

Training . If any person attempts 801110 111111811111 01101

0180 he 80011 118 118 that he 10808 breath , gets perhaps 8

sti tch inthe 8 1111 10018 his heart heating with 1111

wonte11 1 10101100. 11he perseveres 110W111 probably fai 11t
nr 1 01111t‚as 18 fre quently 80011 111 imperfectly traine11 mon

at the 01111 01 8 118 111 boat-r1we. These phenomena 8 10

8 1 0111011 by 08 101111 gradual preparation known 88
“ tra in

ing . The 1111 111011111t0 08 1180of 1110111 1108 111 dieturbanc w

01 the 01101118 101378 1111 1
°

08p11 8 t01y organe, onwhich 6X06 88 1V0
11 01 11 18 1h1011 11 , and the further discussion 01 training must
b e postponed for the present.
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directly ; and similarly other muscles arising at the back
01 the orbit are directly fixed to the eyebal l in front and
sone to rotate it onthe pad of fat onwhich it lies. Many
fncial muscles againhave no direct attachment Whateve

'

r to
bmxes, as for example the muscle (orbiculc ris orte) which
surrounds the mouth-opem

'

ng and by its eontractionnar

mws it and purses out the l ips ; or the orbicularia palpe

b mrum which similarly surromxds the eyee and when it
contracts closes them.

Levm in the B ody . Whenthe muscles serve to move
hones the latter are innearly all cases to be regarded as
levers whose fulcra lie at the joint where the movement
takes place. Examplee of all the three forms of levers
reeognizecl inmechxmice are found inthe Human Body.
Lavera of the First Order .

In this form (Fig. the

tulcmm or fixed point of support lies betweenthe wexght
”

I
‘m.

—A lem ot the nm oMer. F
'

. tulerumzP. powerzW.ndutanooor

or resistance to be overmme, and the power”
or moving

force, as shown in the diagram . The distance PF, from
the power to the fulcrnm, is cal led the “ power-arm ;” the
distance FWis the weight-arm . When power—arm and

weight-arm are equal , as is the w e inthe beam of anordi
nary pair of scalee, no mechanical advantage is gained , nor
is there any 1088 or gain inthe distance through which the
weight ismoved. For every inch through which P is de«

preeeed, Wwi ll be raised anequal distance. When the
power-arm is longer thanthe other, then smaller force at
P will mise a larger weight at W, the gain being propor
tionate to the difference inthe lengths of the arms. For

example if PF is twice 8 8 long as FW, then half kilo
grem appl ied at P will balance whole k ilogram at W, and
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inet mm thanhalt a ki logram wonld l itt it ; but for every
centimeter through which P descended, Wwould only be
lifted half a centimeter. On the other hand when the
weight-erm in lever is longer thanthe power-arm, there
is lose inforce but a gain in the distance through which
the weight iemoved .

Examples of the first form of lever are not numerou5 in
the Human Body. One is afiorded inthe nodding move
meute of the head , the fulcmm being the articulatione

betweenthe sha ll and the etlas. Whenthe chinis elevateci
the power is applied to the ekull, behind the fulcrum, by
smal l mueeles pm ing from the vertem column to the

ooeipnt ; the resistance is the excess inthe weight of the
part of the head infront of the fnlcrum over that behind
it, and is not great To depreee the chin as in nodding
does not neeem rily call for any muscnlar eflort, as the

head will fall forward ot i tself if the musclee keeping it
w et m e to work, as those of as who have fal len asleep
ünring adufl diwoemeona bet day have learnt If the chin
hm ver he deprm ed forcibly , as in the athletic feat of
m pending one

’
s self by the chin, the muselespM ng from

the cheat to the eknll infront of the at]anto—occipi tal artic
rfh tionare called into play. Another example of the emo

ployment of the first form of lever inthe Body is eflorded
by the curtsey wi th which a lady saluws another. In

enfl eeying the trank is bea t forward at the hip
-jointe,

which form the fulerum ; the weight is that of the trank
acting as if all eoncentrated at its eentre of gravi ty, which
has a httle above the eacrum and behind the hip-joints;
and the power isaflordedby mamles paseing from the thighs
to the front of the pelvis.

Lovers of the Second Order. In this form the weight
or resistance is betweenthe power and the fulcrum. The

powemarm PF 18 always longer thanthe weight-arm WF,

and so eomparatively week force can overcome a consid

enble resistance. But it is disedvantegeons 80 im as te

gu de rapidity and extent of movement, for it is obvioue

that whm P israieeda certaindistanceWwill bemoveda lesn
W o inthe seum time. As anexample of the employ
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ment of such levers(Fig. 57) inthe Body, we may take the
act of standing onthe toes. Here the foot represente the
lever, the fulcrum is at the contact of its tere part wi th

Flo. 67.
—A tever ef the oeeemd ouda z E mm ; I’ m W‚ wd@t

The am wuh dia ß the dlm tionh whlch the loreeom t.

the ground the weight is that of the Body acting down
through the enkle joints et Te, Fig. 58 : end the power is
the great muecle of the 03 11 eating by ite tendon ineer%d
into the heel-bone (Cc , Fig. Another example is
aflorded by holding up the thigh when one foot is kept
raised from the ground , es inhopping onthe other. Here
the fulcrnm is at the hip-joint, the power ie applied at the

GE cu m

m . M—'l'ho ef tim foot tra u the outer dde. Ih , aufm
v bida the lez—W u tietxhü Oa . the cnlcnnwm h ß whlch the

l h. tbetbe metsßnaa o e! the ß b
dla" .

lmee-cap by a great muscle (rmtus f ineefled there
and which ariees from the pelvi15: and the weight is that
of the whole lower l imb acting at its centre of gmv1

'

ty ,
which will lie somewhere inthe thigh betweenthe hip amd
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tioninwhich the mamles are commonly inserted into the
how , much of their force is lost so far as producingmove
ment ie eoneerned. Suppose the log of wood in the &i»
gran(Fig. 60) to be w ised hy pnlling on the rope inthe
directiona it is clear at first that the rope will act at a

great disadvantgge; most of the pull transmi tted by it will
be exer ted against the pivot onwhich the log hingen, and
only a small fraetionbe available for elevating the latter.

But the more the log ie as for example into the
positionindicated by the dotted line, the more useful wi l l
be thedxreetionof the pn11, and themore of it wi ll be spent
onthe log and the lese lest unavai lingly inmer e increas
ing the pressure at the hinge. Ii we now consider the ao
tionof the hieepe (Fig. 49) in flexing the elbow-joint, we

that the straighter the joint is, the more of

the ph il of the muscle ie Beginning with the
straight, it works at a great disadvantage, hat as the fore
arm is the eenditione become more andmore favor
ahle to the muscle. Those who have pm tieed the gym

neetic fa t of raising one’
s self by bending the elbowswhen

henging by the hands from hor izontal ber, know practi
ca.lly that it the elbow-jointe are quite straight it is
hard to start ; and that, onthe other hand, if they are kept
little flexed at the beginning the eflort needed is much
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lem ; th e reason being of course the more advantageona

directi onof tractionby the bieepe lnthe latter case.

Experiment proves that the power wi th which muscle
cancontract is greatest at thecommencement of its eh0rt.
exiing , the very time at which, we have just seen, it works
at most mechanical disadvantage; inproportion118 its force
becomes less the conditions become more ftWorahle to it.
There is however, it is clear, nearly always 11 considerahle
km of power in the working of the skeletal museles.
et1ength being m ificed for variety, esse, rapidity, extent.
andelegm ce of movement.
Poatm-

as. The term postete is applied to those posi
tions of equilibrium of the Body wh ich canbe maintained
for some time, such as standing, sitting , or lying, com

puned wi th leaping, running ‚
or falling. In all poeturee

the condition of stabi li ty is that the vertical line dmwn
through the centre of gravi ty of the Body shal l fall within
the basis of support aflorded by objects with which it is in
contact ; and the securi ty of the postme is proportionate to
the extent of this base, for the wider it is, the less is the
risk of the perpendicular through the centreof gravi ty fal l
ing outside of it onsl ight displacement
The M Poeture This is pre-em inently character

istie 01 man, bis whole skeletonbeing modified with refer
ence to it. Nevertheless the power of maintaining it is
only slowly leem t in the first years after hirth , and for
a long whi le it is unsafe. And though finally we learnto
stand erect wi thout eonscious attention, the maintenance
of that poeture always requires the co—operation of many
mueclee, coa rdinated by the nervous system. The influ

ence of the latter is shown by the fall which follows 11

severe blow on the head , which may nevertheless have frae
turedno bone and injured no muscle : the “

coneussion”
of

the brain, as we say,
“
stnne”

the man, und until its efiects
have passed ofi he cannot stand npright. In etanding
wi th the arme straight by the sides and the feet together
the centre of gravity of the whole adul t Body l ies in the
urticulationbetweenthe eacrmnand the last lumber verte
bn, and the perpendieular dmwn from it wil l reach the
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ground between the two feet, within the basis of support
aflorded hy them. W1th the feet close together, however,
the posture is not very stahle‚ and in standing we com

make it more so hy sl ightly seperat mg them so as to

1x1c the base . The more one foot
is infront of the other the more swav .

ing back and forward will be compah
hle w ith safety, and the greater the
lateral distance separatmg them, the

greater the lateral away which is possi
ble without fall ing. 00nseqnently we
see that a man about to make great
movements with the upper part of his
Body, as infencing or hoxing, or a 801
dier preparing for the bayonet emrciee,
always commences by thrusting one

foot ferwardsobliquely, so 118 to increase
hie basis of support inboth directions.
The ease with which we canstand ie

large dependent upon the way in

which the head is nearly halanced on

the top of the vertebml column, so that
but li ttle muscnlar eflort is needed to
keep it npright. In the same way the

trank is almost halanced on the hip
jointe: but not qui te, its centre of grav
i ty falling rather behind them ; so that
just as some muscular efl'

ort isneeded
to keep the head from fall ing forwarde,

11 some isneeded to keep the trank from
toppling backwards at the hipe. Ina

simi lar manner othermuscles are called
into play at

°

other joints: as betweenthe
vertebml column and the pelvis, andat

the knees and ankles; and thus a certa in rigidity, due to
museular eflort, extendg all along the ereet Body : which
on account of the flexihility of its joints could not other
wise he halanced on its feet as a statue can. Beginning
(Fig. 61) at the ankle—joint , we find it kept etifl instanding
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clearing the ground as the left did before. The Body is
meamvhile supported on the lei t foot alone, but when the
right completes its step the knee of that leg is stmightened
and the foot thns plaeed, heel first, onthe ground . Mean
While the left foot has been gradnally leaving the ground.
and its toes alone are at that moment upon it : from these
push is given, es beforewith the right foot, and the knee
being heut 80 88 to raise the foot, the left leg swinge for
wards at the hi p-joint to make fresh step.

During each step the whole Body sways up and down
undalso from si de to side. It is highest et the moment
whenthe advancing trank is vertical ly over the foot sup
port ing it, and thensinks until the moment when the ad

vancing foot touehes the ground , whenit is lowest. From
th ismoment it rieee as it ewings forward onth is foot , until
1t is vertically over it, and thensinks again unti l the other
touches the ground ; and so on. At the same time, as its
weight is al ternate transferred from the right te the left
foot and vice versa, there is sligh

'

t lateral away, commonly
more marked inwomenthaninmen, andwhich whenex
cessive produces antle waddl ing” gait.
The length of each step is primari dependent on the
length of the lege; but can be controlled withinwide lim
ite by special muscnlar efiort. Ineasy walking, li ttle mus»
culer work is employed to carry the rear leg forwards after
it has givenits push . When its foot is w ised from the

gmund it swinge onl ike a pendulum ; but infest walking
themnmlenpassing infront of the hip-joint, from the pel
vis to the l imb, by their contractionforct y carry the leg
forwards. The easiest step, that in which there is most
economy of lah m, is that inwh ich the limb is let ewing
freely, and since a short pendulum swings fester than
longer, the natural step of ehert- legged people is quicker
thanthat of long- legged once.

In fast walking the advanced or supporting leg also
aids in propnlsion; the muscles passing in front of the
ankle—joint contracting 80 as t o pnll the Body forwards
over that foot and aid the push from the rear foot. Henee
the fatigue and pain infront of the ehinwhich is fel t in
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prolonged very fast walking. From the fact that each
font teaches the ground heelfiret, but leevee it toe last. the
length of each stride is increased by the length of the foot.
Runni ng . In

‚
this mode of pmgrewion there is e 1110

ment ineach step when both feet are 06 the ground , the
Body being unsupported inthe air. The toesalone come in
contact wi th the ground in each step, and the knee—joint
isnot straight whenthe foot reeehes the ground. When
the rear foot ie to leave the support , theknee is suddenly
straightened , and at the same time the ankle-joint is ex
tended so as to push the toes foreinon the ground and

give the whole Body a powerful push forwards and upwards.
Immediately after this the knee is greatly flexed and the

foot raised from the ground , and this oeenrs before the
toes of the forward foot reach the latter. The swinging
log ineach step is violently pulled forwarde and not ent

fered to ewing naturally ae inwalk ing. By this the rapid
ity of the sneeeesionof steps is increased

,
and at the same

t1me the stride is made greater by the sort of one-legged
leap that oeeurs through the jerk given by the straighten
mg of the knec of the rear leg just before it leaves the

Leepdng . In this mode of progression the Body in
raised eumpletely from the ground for a m usidemhle

per iod . In a powerful leap the ankles, knees, and hip
jointe are all flexed as a prepamtory measure, 80 that the
Body assum es a crouch ing atti tude. The heels, next, are
raised from the ground and the Body halaneed onthe toes.

The centre of gravi ty of the Body is thenthrownforwards,
undeimnlümeoualy the flexed ioints are ehe ightened, and
by the mä shnee of the grou nd , the Body rece1ves pmpnl

eien forwards; much in the same way as a hell rebounds
from a wall. The arms are at the same time m ug for

warde. Inleaping back , the Body and armsare incl ined in
that direction; and injumping vertical ly there is no loan
ing ei ther way and the arms are kept by the sidee.



CHAPTER X II.

ANATOMY OF THE NERVOUS SYSTEM.

Harve-Trunlu . Ind issecting the Human Body numer
ous whi te cards are found which at first sight might be
takenfor tendons. That they are something else however
soon becomes clear, since a great many of them have no
connectionwith mamles at al] , and those which have usually
enter somewhere into the bel ly of the muscle, instead of be
ing fixed to its end3 as most tendona are. These oords are

nerve—trunks : followed in one directioneach (Fig. 62) will
be found to break up into finer and finer branches, unti l
the subd ivisions become too smal l to be followed wi thout
the aid of microeeope. Trwed the other way the trank
will in most cases be found to increase by the un ion of
others with it, and ul timat e to join a much larger mm
of different structure, and from Which other trunks also
spring. This mass is nerve-aontre. That end of a nm e

etta0hed to the centre isnaturally its central, and the other
i ts distal or porzpheral end. Nerve—centres, then, give origin
to nerm -trunks; these letter radiate all over the Body,
usually branehing and becoming emaller and smaller as

they proceed from the centre ; they finally become verx
small, andhow they ultimate end 18 not in all cases cer

tain. but it 18 known that some have sense—organs at their
term inations and others muscular fibres. The general ar
rangement of the larger nerve- trnnks of the Body is shown
inFig. 62. Physically a nerve is not so tongh 01° strong as
tendonof the same size ; lt may reuch ly be spli t up into
longitudinal strands, each of which consiste of a number
of nücrcsccpic threads. the nerve-flbres, bound together by
eonnective tissue.
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H er mes. Very frequently several neighboring nerve
trnnke send ofl communicating branches to one another,
each branch carrying fibree from one trank to the other.

Such networks are called p lexuses (Fig. through
the interchanges taking place in them it often happens
that the distnl branchee of a nerve- trunk contain fibree

which it doesnot poesesa as it leavee the centre to which it

Nm e-Oentroe. Them at majori ty of thenervee take
their origin from the brainand sp inal card, which together
form the great cerßh 0—ep inal contre. Some, however, com
menee inrounded or oval maseeewhich very insize from that
of the kernel of analmond down to m icrosmpic dimensions,
and which are widely distributed in the Body. Each of
these smaller wattered centree is called a gang lion, and the
whole of them are arranged in three sets. A eonsidemble

number of the largest are uni ted directly to one another hy
nerve—trnnks, and also give ofl nervee to various organe,
especiallgrto the blood-veesela and the viscera inthe thoracic
and abdominal cavi ties. These gm glia and their hmnchee
form the sympathcticnervous system, as distinguished from
the cerebro-spinal nervoue system consisting of the brain
andspinnl card and the nerme springing from them. Oi

the remaining gangl ia some are connected with various
cerebro—spinal trunks near their origin, while the rest, for
the most part very small and connected with the peripheral
branches of sym pathetic or other nerves, are known as the

ing inthe Skul l is the bra inand in the neural cnnal of the
vertebml column the sp ina l card or sp inal marrom, the

two being continnons through theforum magnum of the

occipital bone and ferming the great cerebro-epinal nerve
centre. This centre is b ilaterally symmetrical throughout
except for slight difle1‘

ences on the snrfaoes of parts of the
brain , which are oftenfound inthe higher raoesof mank ind.

Both brain and spim card are very soft and easi ly crushed ;
the connectim tissue which pervades them being of the del i
eate retiform variety ; accordine both are placed innearly

‘P. 162.
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omnp lete elomd bony cavities and
we also enveloped by membranes
which give them consistency and

support. These membranes are

three innumber. Extemally ie the

dam malen very tongh and strong
and eompooed of white fibrons and

elastie oonnective tissues. In the

cmninm this dam meter nä heres
try ita outer surface to the insi de of
the alm ll, sen ing as the per ia
of its bones; this is not the case
inthe vertebral column , where the
dam meter forms a 10000 sheath
m und the spinal eord and is only
attached here and there to the eur
munding honee, which have sep
arate periosteum of their own. The

upinal centre, lying in immediaß
connet Wi th the pmpor nervous
parts, is the p ia nmt&r, also made

up of whi te flbrons tim e inter
vmven wi th elastic fihres, but less
closeJy than in the dnra meter, so
as to ferm a lese dense and tongh
memhnne. The pie meter con
tains many blood-vessels w h i c h
break up in it into small branches
before entering the nervons mass
beneath. Cover

'

mg the outside of
the nta mater is a layer af flat

closely fitting cells, similar layer
lim the inside of the dnra meter,
und these two layers are described
as the third membrane of the eere

bro—spina l centre, called the «m eh

nat
’

d. In the space between the

WO layera Of the arachnoid is een
tdned small quanti ty of w&tery

Fm . Ü .
—Tho
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m ebro-sp inal liqm
'

d. Part of the surface of the brain is
folded and the pie meter does not clip down and line the
fnrrows betweenthe folds but stretches across them : inthe

spaces thus left there is also eontained someof the cerebro
ep innl liquid.
m

'

spmql Cord (Fig. 68) isnearly cylindrical inform,

being however li ttle wider from side to side than derse
ventrally, and tapering 06 at its posterior end. Its aver
age diameter is about 19 mil limeters inch) and its

length meter (17 inches). It weighs grams
(I} ounces). There is no marked limi t betweenthe sp inal
eord and the brain , the one passing tmdnally into the
other (Fig. the cord is afbitmrily said to com

menee opposi te the outer margin of the fommenmagnum
from there it extends to the articnlation betweenthe first

and second l umbar vertehrm, where it nnrrows 011 to
slender filament, the film tm inalo (cut off
sented separately at B inFig. which rnns back to the
end of the nenral canal behind the sacmm. In its course
the eord presents two expansions, an upper, 10, the car

vical onlargoment, reaehing from the th ird eeni oal to the
first domal vertebraa, and lower or lumbar enlargemont,
9, opposite the last dorse.l vertebra.

Runn ing along the middle line on both the ventral and
the dorsal aspects of the card is groove, and a cross—eee
tionshows that these grooves are the surface indications of
fissnres which extend deeply into the card (C, Fig. 64) and
new ly divide it into right and left halves.
The anterior fiseura (1 , Fig . 64) is wider and shallower
than the p osiertnr , 2. The transverse section, C, shows
also that the snbstam e of the card is not alike throughout,
but that itswhite snpm*ficial layers envelop central gray
m lwtance arranged somewhat in the form of a capital H.

Each half of the grey matter is crescent-shaped , and the
creseents are turned back to back and uni ted across the
middle l ine by the grey commiam re. The tips of each
crewent are called its hom e or conma , and the ventml. or

anterior com e ,
on each side ie thicker and larger thanthe

posterior. In the cervical and lnmhar enlargernente the

“P. 169.
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the anter ior fisenre ; th is forms the anterior while W ie

am . There is no posterior white eommissure, the bottom
of the posterior fiseure being the only portionof the card
where the grey substance isnneovemd by white . Rnnning
along the middle of the gray commissure, for the whole
length of the card, is tiny channel , just visible to the
unaide<i eye; it is known as the central «mal (cam lis 06%
tralis).
The 8 p inal Nervee. Thirty-one pairs of spina] nerve

tmnka enter the nenml eanal of the vertebml column
through the intervertebral fommina. (p . Each di
vides in the form en into a deren] and ventral portion
known respectively as the poelen

'

or and anterior rootx of
the nerve (6 and5, Fig. and these again subdiv ide into
finer branchee wh ich are attached to the sides of the cord ,
the posterior root at the point where the posterior and late
ml white columns meet , and the anterior root at the janon
tionof the lateral and anterior columns. At the l ines on
which the rootsare attxwhed there aresuperfieial fu rrows ou
the surface of the eord. Oneach poste rior root is a xp inal

gnugli0n Fig . placed just before it joins the an

teviot root to make up the common nerve—trnnk. Imme
diately after its formation by the m ixture of fibres from
both roots. the trank divides into a smal l postert

'

or p rima ry
and a larger anterior primary brand: (7

’

7 D,
Fig .

The former bmnehes of the spinal nerves go for the most
part to the sk in andmusclesonthe back , while the anterior
primary branches form a series of plexuses from which the
nerves for the sidee and ventral regionof the neek and

trank , and for the l imbs, nrise.

The var ious epinal nerves are named from the portions
of the vertem column through the intervertehral foramina
of which they pass out ; and as general rule euch newe is

named from the vertebra infront of it. For example the

nerve passing ont between the fifth and sixth dorsal verte
brze is the fifth deren] none, and that between the last
deren] and first lnmbar vertebrm, the twelfth dorsal . ”

In the cervical region, however. thism le isnot adhered to.

The nerve passing ont betweenthe occipital bone and the
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atlus is called the first cervical ” nm e, that between the
ntlae and axis the second, and 80 on; that betweenseventh
eenied amd first done] vertebra being the “

eig hth ceni
ml nerve. The thirty

uone pairs of spinul nerves are then
thus distributed : 8 cervical, 12 domal , 5 lnmban5mcral,
and 1 eceeygeal; the latter passing out between the m m

und coccyx. Since the sp inal eord ende opp®te the upper
hunbar vertebrae while the metal and eoecygeal nervenpm
out from the nenml cennl much further back , it is clear
that the mots of thosenervee, ontheir way to nnite in the

foramina of exi t and formnerve- trunks, must run obl
_

iquely
backwarde in the spinal canal for considemhle distance.

One finde ininet the neural eanal inthe lnmbar and sacral
regions, behind the point where the epinal card has tapered
ofi , oecnpied by a great bauch of nerve—rw ta forming the
se-called horse’

s teil” or cauda equina .

Distributi on of the 8 p inal Nerven. It would be out

of place here to go into detai l as to the exact portions of
the Body supplied by each epinal none, but the following
general statements may be made. The anterior primary
branches of the first four cen ieal newes form oneach side
the cervicnlp la ne (Fig . 65) from which branches are anp
pl ied to the mnaelee and integument of the neck : also to
the outer ear and the back part of the sealp. The anter ior
primary branchee of the remaining cervi cal nerves and the

first deren] form the bracln
'

ol p la ne, from which the upper
limb is suppl ied . The roote of the trunka which form th is
plexnsarise from the cervic>al enlargement of the ppinal card .

From the fourth and fifth cervical nerves oneach side.

sma ll branches ariee and nnite to make the phrem
'

c newe

(4, Fig. 65) which nm e down through the cheat and ende
inthe d iaphragm.

The anterior primary branches of the deren] nerves. ex
cept part of the first which ente rs the braehial plexns, form
ne plexus, but each m us along the posterior border of rih

and snpplies branchee to the chest-wal la, andthe lower ones
to those of the abdomenalso.

The anterior primary bmnehes of the four anterior lum
har nerves are uni ted by hmnehee to form the lumbar
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pla ns. It supplies the lower part of the trank, the but.
tocks, the front of the thigh , andmedial side of the leg.
The mom! p lexue is formed by the anterior primary
branches of the fifth lnmbar and the

nervee, which nnite into one great

66.—113e 0ervtm l andhnchinl pla uaea ctm eida d lheßodm

„daticnenne, whi ch is the largest inthe Body and, running
down to the back of the thigh , ende in branehes for the

lewer limb. The route of the tmnke which form the seem ]

plexus ariee from the lnmhar enlngement of the oord .
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hemispherical emineneee, the camera
i ts ventml side it exhibits two eemieylindneal pil lars (seen
under the nerve I V m Fig . 70* and knownas the cmm

rembri. The h ind—brainconsists of three main parte : on
its doresl side is the cerebellum, B , Fig. 66, consisting of a
right, loft, andu media»lebe on the ventral side is the
pm Varelic

'

, C,
Fig. 66, and behind the m duüczoblongata

D,
Fig. 66, which is continnous w ith the spinel card.

In nature themain divisione of the brain are not sep»
so much as in the for

the sehe of cleernem‚ but lie close together na repreeented

inFig. 67, only some folds of the membranes extending
betweenthem ; and the mid—bminis entir e covered inon

its dorsa.l aspect. Nearly everywhere the surface of the

brain is folded , the folds, known as gyri or m wl«liomr‚

being deeper andmore numeroue inthe brain of menthan
in that of lower animals ; and inthe humanspeciesmore
m ked inthe h igher than inthe lower rm
The brain like the epinal ccm! consists of grey and

‘

white nervone matter but somewhat diflerently arranged ,
whi le the brain, l ike the card eonmins gray matter in

P. 169.
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the eerebral hemispheres the enrfaee over which this gmy

The Ventrhflea of the Brain. The minute central
oanal of the apinal card is continued into the brain and

expmds there at several points into ehamhere known as the

the traut of the fourth ventricle

cnleeethmm the oemhrnl ho»m lqphem Od’
. the

müonmo ; the nnßeflm uü cü the m üßte : me
lte efl edm* is the anna “Hamm . Oh 101 ! M o the
conflug the eonvolttthmn M M

enge (üer a Icrli0 ad qu
_

artum eenlrieulum) whieh entere

another düeßh
'

on lying lnthe middle line near the under
side of the fore-brain (just above the twe em&l

%enbetweenthe nervee I end II 111 Fig. ?0)end
Imown es the third veuh wle. Frmn the. third

ot Menu») int»thefifl £

ef Whißh 11%m t \ 1
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01 the cerebral hemispheres. The front ende of these two
ventrielee are seen inthe vertieel transveree sectionof the
brain repreeented 1nFig . 68.

The ventricles containa. small amount of eerebro
—ep t

’

nal

liquid and are l ined by epithelium which i s ciliated in

Note. A frequent cause of apop lewy is hemorrhage into
one of the lateral ventrietes; the outpoured blood econ
muleting endpreening upon the eerehral hemispheres their
functions are suppressed and nneonseioum ese produced.

When a personinfound in anapoplectic fi t theretore the
best thing to do is to lceve him perfectly quiet until medi
enl aid is obtained : for any movement may start afresh ,
bleeding into the ventr iclewhich had beenstopped by clots
formed inthe months of the ternblood-vessels.
Secti ons of the Brain. Having get geneml idea of

the parts composing the brain, the best way to complete 11

knowledge of its anatomy is to study sections taken in

various directions. Two such are giveninFige. 68 and 69.

Fig. 69 rep1esents the right half of a vertieal sectionof the

brain , takenfrom before back inthemiddle line and viewed
from the inner side. Above

,
the knife has passed between

the two cerebral hemispheres, in the longi tudinal tim ,

wi thout entting either , and the eonvolnted inner surface of

the right one is seen. The sickle-shaped mass lower down
,

Ccl
'
to Ccl

‘
representa the ent surfaceof connecting hand

of white new ens tissue called the corpus callosmn, which
nme across the m iddle line from one cerebral hemisphem
to the other end pnts them in communication. SI, the

eep tmnlucidum‚ is thinmembrane which ferma
'

the inner
wall of the h1teral ventricle of the hemisphere. Between
the two septa lueide. on the sidee (in the natural posi tion
of the parts) and the cerpns cal losum above is ind
11111

'

1
'

0Wspace known as the fifth ventn
'

de. It is, however,
qui te diflerent from the remaining eerebm l ventrieles, not

being 11 continnatienof the canal is central is of the epinal
card. The space beneath the septnn1 lncidmn and the

back part of the corpus callosum is the th ird ventricle,
which

,
ly ing inthe m iddle l ine. has been leid openin the
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the m t of the soul . Behind it come the rerpom quadnl

gm z
'

na, Lq, and above the fourth ventricle the eerebellwm,

Obi, showing the primary and swondary fiam res on its

surface Which give itssection brenched appeemnee known
as the arbor vita . He is the medulla oblongata , andP the

pens Varolii . The canal is eentralis of the spinal card is
represented leading back from the fourth ventricle.
Fig. 68 repmsents vertical transmree section of the
brain taken through the tere part of the c mpne cal losum
(Cel

'

) and al together in front of the third ventride. It

shows the foldings of the eerebrnm and its superfieiel layer
of grey substenee; the anterior ende of the lateral ventri
cles, V7, wi th grey mass, the oorpue elriatmn lying be
neath andon the outer side of each. If the section had
beentaken li ttle farther back the Optio llmlami would
have beenfound reaching the floor of each ventricle.

Twelve pain ef new es leave the skull hy apertures in its
base, and are known as the eraninl nervee. Most of them
spr

'

111g fron1 the under side of the brain , and80 they are beat
studied inconnectionwith the base of that ergen, which is
reprewnted inFig. 70. Thefirstpai r, 01° olfactory em .

spring from the under sicles of the ol£actery lobes, I, und
pass ont through the root of the nase. They are thenerves
of smel l. The secondpair, er op ta

'

e m es, II, spring from
the optic thalami end oorp0m quadrigemina and, under
the name of the op tic trade, run down to the heee of the

brain where they appear passing around the cm ra cerebri
as reprwente<l inthe figure. In the middle l ine the two

optie tracte unite to form the op tic vomm1
'

sm re (seen in

sectionat 1f in Fig. 69) from which an optic nerve pro
ceedg to each eychell. Behind the optic commissure is
seenthe conica.l atalk of the p ituila ry body 01

° hypophysix

mrebn
'

(H in Fig. and
'

still further back 8 pair of
hemiepherieel messes, about the size of spli t peae, known as
the corpora albim rztin.

All the remaining ereninl nerves arise from the hinab
brain. The third pair (motores ow lz) erise from the front
of the p0118

‘ V3 1'0111, and are distributed to most of the
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the eyebell and also to thet whieh

The fem -sided space bonnd0d by
the optic traets and eonnmssnre in front and the third
pair efnerves behind, and having onit the pitui tary body

7°
.t

m & m tmm whieh
°

and the em pore albicanh
'

e, lia benw th the third vemtriele,
ee met e probe pushed inthere would enter that wvity.

The fourth pair of nerves, I V(pathetici ), ariee b omme
[rent part of the root of the fourth venthole. From
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each ende around 11 cm w ebri (the cylindrieal mass seen
beneath it inthe figure, running from the pons l ii to

enter the under surface of the eerehral hem ispheres) and
appears onthe base of the brain. Each goes to one muscle
of the eyebal l.
The fifth pair of newes, V (lrigominake), rem ble the
spinul nerves in having two meta; one of these is much
larger thanthe other end possesees ganglion (the Gasm
rianganglion) l ike the pmterier root et a. epinal nm e.

Beyond the gani enthe two roote form a common trank
which divides into three main branches. Oi these, the
op t lm1

'

c 18 the smalleet and is mainly distributed to the
mnscles and skin over the forehead and upper eyel id but

also gives branches to the mueous membrnne lin ing the
nase, and to the integument over it. The seeond division
(mpenbr maxillary W ) 01 the trigeminal gives branchée
to the skin over the temple, to the check betweenthe eye
brow and the angle of the month , end to the upper teeth
as well as to the mucous membrane of the nase, pharynx,
eeft palate end root of the month. The th ird di vision
(infee maxillary ) is the largest branch of the trigemi
nal; it receives some fibres from the larger root and all of

the smal ler. Ib is distributed to the side of the head and
the external eur, the lower Up and lower part of the face,
the mneons membrane of the month and the anterior
two th irds of the tongue, the lower teeth , the sal ivary
glends, and the museles which move the lower jaw inmas
tieetien.

The sit p ai r of cranial nerves (VI, Fig. 70) er ab

duwntes arise from the posterior marginof the pons Ve
rolii , and each is distributed to one muscle of the eye
hell .
The eovmth pa ir fcm

'

al m m ), VII, appear also at

the posterior margin of the pons. They are d istributed
to most of the museles of the face and scelp.

The eightlc pa ir (auditory new es) arise close to the

faeiah They are the nerves of hearing andare distributed
entir e to the internal car.
The niet]: p a t

'

rr (y losw haryngea le) , IX , arising close to



https://www.forgottenbooks.com/join


172 THE HUMAN BODY.

nerves often receive branchee from neighbm ing omnial ur
spinal neu es, so that very soon after it leavee the brain
hardly any one remaine free from fibre3 derived from other
trunks except the olfactory, optic, and anditnry neu es.

This often makes it diflicult to say from where the nervee
of a. special part have come; for example, the nerve-fibree
going to the suhmexillery sal ivary ghmd from the trigemi

nal leave the brain first in the facial and only afterwm'ds

enter the fifth ; andmany of the fibree going apparently
from the pneumogaetric to the heart come originally from
the epinal necessary.

The 8ympatheti c System . The gnnglie which form
the main centres of the sympathetic nervoue system lie in
two rows (s, Fig. 2, andxy, F ig. one on either side of

the bodiee of the vertebrae. Each gangl ion is uni ted by a

nerve- trunk with the one in front of it, and so two great
ehaina are formed reaching from the base of the Skull to
the coccyx . In the trank region these ehaine lie in the

ventral cav ity, their relative position inwhich is indicated
hy the dots 33] in the d iagrammatic trmmveree section re

presented onp. 7inF ig. 8. The ganglia ou these chains are
tot ty-nine innumber, viz. ,

twenty-four paire, anda single
one infront of the coocyx inwhich both chaine terminate.

They arenamed from the regions of the vertebral column
near which they lie; there beidg three eervical, twelve
doma1, four lumbar, end five mcm l pairs.

Each q mpothetie ganglion is united by communiwting
branches wi th the neighboring spinal nervee, andnear the
akull with various eranial nervee also while from the gan

gl ia and their uni ting cards &riw numerons trunke, many
of wh ich , in the thomeic and abdominal cavities, form
plexuses‚ from which in turnnerves are given ofl to the
viscera. These

'

plexueee frequently poeseeenumerous small
ganglia of their own; two of the most important are the

mrdiac p leznw which l ies on the dersel side of the heart,
and the sola rp lants which l ies inthe abdominal cmrity and
supplies nerves to the stomach , liver, kidneye, and intee
tinee. Many of the sympathetic nervee finally endinthe

weile of the blood-veesele of various orgene. To the naked
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eye they are commonly grayer in color than the cerebro
spinal nerve&
The sp oradi c Ganglie. These, for the most part very

minute, nerve—centres are found ecattemd in nearly all

parts of the Body. They are especially ahundant in the
neighborhood of secretory tissues andabout blooc eseels,

while very important set ie found inthe heart. Nervee
unite them wi th the cerebro—spinal and sympathetic cen
tree, and proba n many of them belong properly to the
sympathetic system.

The H istology ofNerve-Fibree. Them icroscope shows
that in addition to connective tiseue and other acoeesory
parts, such as hlwd—vessels, the nervons organs containtis
sues pecul iar to themselves and known as nerva;flbres and

nerw-cdls. The cel ls are found in the oentree only ; while
the fibres, of which there are two mainvarieties known as
the white and thegrey, are found in both tmuks andcen

tres ; the whi te variety predominating inthe eerehro-spinal
nerves and in the white euhstance of the centres, and the
grey in the sympathetic trunke and the grey portions of
the central organe.
If an ordinary cerebro-spinal nerve- trunk he exam ined

it will be found to be envelopul in loose shea th of m olar
nnective tissue, which forms pack ing for it anduni tes

it to neighboring parts. From th issheath , or perineurium,

hands of connective tissue penetrate the nm e and div ide
it up into a number of smal ler cords or funicuh

'

, much
as a muscle is subdivided into faeciculi ; each funiculns
has a sheath of its own cal led the neurilemma , eompomd

of several w ueentric layers of a delicate membrane, wi th
inwhich the true newe4ibres lie. These, which would be
nearly all of the white kind , consist of extremely del icate
threads, about m illm. (u ‘n inch) indiameter, but
frequently of length which is in proportion very great.
Each nerve« fibre infact is continuous from nerve—oentre
to the organ inwhich it ende, so that the fihree, e.g. which
pass out through the sacml plexusand thenrunonthrough
the sciaticnem and its bmnches to the skinof the\toes‚ are

three to £ogr feet long. If perfectly fresh ner
'

v&fibre
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he examined with the microm pe it presents the appear
anee of perfectly homogeneous glm y thread; but soonit
acquiree characteristic double eontonr (F ig. 71 ) from the

coegulationof portionof its euhetunee. By pmper treat
ment with reagonte three layers may be brought into view .

Outside is a fine transparent envelope (1 , Fig. 72 ) cal led
the p rimi tivc shcolh inside this is iatty suhetanoe, 2,

Fun. 71.

h
m . fl .

—Wh
3; ü
ne
gxä

hm eooncfßr nmoval tmm the ßody andwhenthey
ve

i
‘m .

—Dtng ru n Illustn fing the utmatun of wh i te or mod»üotednerve
fibre. 1, 1, pflmlttve sheoth ; 8..xls cy llnder.

forming the modq y shout); (the eoagnlationof which
gives the (ihre its double border) , and in the centre is a
core, the a:n

'

s oylimler, 3 , Wh ich is clearly the essential
part of the 6bre, since near ite endiug the primi tive and

medullary sheathe are frequently ahmat. At intervale of
about one m ill imeter inch) along the fibre are found
nuclei . These are indications of the primi tive cells which
by their elongati on, fusion and other modifieatione have
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jority of which ßnhdifide and form fine nerve—fibres inthe
grey 3 11hetanoe of the epinnl card. One process of the cell ,
however, a , doesnot branch , but ia eontinned into the an
terior root of a epinal nerve, aeqniring amedullarynndprim
itive sheath at b, und becmning thus the axis cylinder of a

nm e-fihre. Other nerve—eella (as shownat 2 and4) donot
possess the pecul iar axie-cylinder process; all their branches
ei ther join the branchee of other cells or enter a fine net

7l —Dil'temnt l'ormnot nervo-celln. cell , one b ranch of which. a

hemmenthe n is cy llnder of nerm -flhne 2. two ce lls united by proeeu . c

8. d of th ree cells united b bra uche. with one another. und euch having
an 711nder proeece ; (‚ e m tlpoh r oell without annßa y llnder pmoem.

work of grey nerve-fibrils. Most nerve-cells are larger
than the majority of the other cel ls of the Body, their
average d iameter in the anterior hom e of the grey sub
stance of the oord being millixneter inch ). In

the posterior hom e they are smaller, and in the brain
many minute nerve-eells are found in addition to these
lnger onee. In gangl ia the cells as rnle are more reg
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nlar in outl ine than these dep icted in Fig. 78, and have
fewer hmnehee, meet appearing indeed to have but two.

Others have beendem
'

hed as pom flng only one process
connected with them, and some wi th none, but the ex
istenee of these is doubtful , since inseparating the cellsfer
microeeopie examinationthe deli cate prwesaesmay readi
be brokenof! and 80 escape detection.

The 8trueture offl erve-Oentree. Theseeonsist ofwhite

and grey nerve-fibree, of nerve-cel la, and of eonneetive

tiesne and hlood-vessels arranged in diflerent wnye inthe
diflerent eentres. Ganglia are eollectione of nerm—eelle
and nerve-fihree, some of the letter being connected with
the cel ls, whi le others seem merely to pass through the
gnnglien on their way to other parte. The whole mass
is enveloped and supported by other tiesnes. As anillns_

tretien of the structure of a more eomplex nerve-centre
we may study the spinal card.
Hi etology of the 8pinel °ord. If a thintransverse see
tion of the epinal cord be examined wi th a microscope it
will be found to exhibi t the following parte (Fig.

Enveloping the whole and adherent to the rest is the deli
eate layer ef connective tissue fem ing the p ia malen

This lines the anterior fissnre, andaneflehoot from it

fills up the posterior fiesnre, 2. Elwwhere fine bands of it
mm inand ram ify through the oord ‚ supporting thenerv
onselemente; some of the eoamer of these are represented
at 6, 7, end elsewhere in the figure, but from these sti ll
finer prooeseee ariee, as nepresented at (1 anda inFig. 75,
and eurronnd the individual nerve fibres and cells. This
ultimate finest eonnective tiesne supporting the nervons
tim es d irectly, belongs to the retiform variety (p.

and is called the neuroi a. In the whi te eohunns, the

card (Fig. 75) will be seen to be mainly made up ofmea

lated nerveä ibres which run longitud inally and therefore
appear in the transverse section as eircles, with dot in
the centre, which is the axis cyl inder. At inFig. 75

these fibres are represented , the intem ecihute eonneetive

tissue being emit , Wh ile at a this letter alone is repro
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the levels of the nerve-reote hori zontal white fibree are

found (9 and 10, Fig. 74,
'

em] a, Fig. 75) running into the
grey matter, and others ex ist at the bottom of the anterior
fiesnre, running from one side of the card to the other.

Inthe grey snbstance the same supporting network of con
neetive tiesue is found , but init the majori ty of the nerve
fibresamenon-medullated, and at certainpointsnerve—eella,

h o. 7&—A ttdntrt nnem eeettonot half ol the nplnnl eoul

env c m r

an% m w te

tier -celh tnthe gmy motten

such as are totally absent inthe whi te snbstanee, are found.

One collection of these nerve-eelle is seenat a inFig. 74,

and others are represented at a , d, and elsewhere. The

nerve-fibree in the grey matter are for the most part
branches of these cel ls (see Fig . and ae they nnite
with one another fre e they form a streetumlly eontinnous
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CHAPTER X I I I .

THE GENERAL PHYSIOLOGY OF THE NERV
OUS SYSTEM.

The Properties of the Nervoue Sy stem . General Con

sidnations. If the finger of any one unexpectedly touchee
11 very hot object, pain is felt and the band is suddenly
eneteheci away ; that 18 to say, eensationis aroused andcer
tain mnaeles are caused to contract. If

, however, the
nerves passing from the arm to the ep inal card have been
divided , or ii they have beenrendered incapable of activ i ty
by disease, no such results follow. Painisnot thenfelt on
teaching the hot body ner does any movement of the limb
occur ; evenmore, under such cirenmetances the strongest
efiort of the will of the individual wi l l be unable to cause
any movement of his hand. If, again, the nerves of the
l imb have uninjured connectionwi th the spinal cord , but
perte et the latter, higher up , between the brainand the

point of junctionof the nerves of the brach ial plexus wi th
the card, are injured , thena sudden contact with the hot
body will cause the arm to be snatched away , hat no pain
or other sensationdue to the contact will be fel t , nor can

the will act upon the mnscles of the arm. From the com

parison of what happens inaueh cases (which have been
observed over and over again upon wounded or diseased
persons) with what occnre in the natural condition of
things, several important mnclnsione may be arrived at
1 . Thofoeling q aindoes not reside in the burnt part

itself ; although that may be perfectly normal , no sensa

tionwi ll be aroused by any external force acting upon it,
if the nervone eorde uniting it with the centres he pre
vionsly divided .

2. The hot body has orig inated aome changewhich, p ro
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pagatecl along thenerve-trunke, hae excited a coaddionof
the nerve-centree which is accomp am ed by a u nentton, in
this particular case a painfu l one. This is clear from the

fact that the Ioes of sensation immed iately follows division
of the nervee of the l imb, but not the injury of any of its
other parts; unless of such a. character as to cut ofi the

supply of blood , whenof course the nerves 80011 die, with
the rest. Even, however, some time after tying the vessels
which carry blood to 11 limb one eenobeerve inexper imente
upon the lower animals that sensibi li ty is sti ll retained if
theneu es be not directly injnmd.

3 . Wim : a nerve intheskinie excz
'

tedby a burn0r other
wise 1

'

t does not d1'reotly call forth muscular eontraottone;
for ii se, touching the hot body would cause the limb to be
moved evenwhenthe nerve is divided high up in the arm,

and 118 11 matter of observation and experiment we find

that no such resul t follows if the nerve-fibree have been
out inany part of their course from the hnm t part to the
epinal mm ow. It is therefore through the nerve—eentre3
that the change tranmnittodfrom the ezeited part of the
skinie refleeted or eent back, to act uponthe musclee.

4. The last deductionmakes it pmhable that nerve-fibrn
must paee from the centre to musclee ae well asfrom the
ski»to the centre. This is eonfirmed by the fact that ii
the nerves of the limb be divided the wil l is unable to not
upon its mnaeles, showing that these are exci ted to een

tract through the nerves. That thenerve-fibres eoneerned
inarousing sensationandmuscular eontraetions are d iffer
ent, is shown also by eneee of disease inwhich the sensi
bility of the l imb is lost while the power of voluntari
moving it remains, andby other cases inwhich the reverse
is seen, objects teaching the hand being fel t whi le it can

not be moved by the will. We eonelnde then that cer
ta in nerve-fibree when stimulated eonmy something
nervone.1

'

mp u13e) to the centree, and that these when ex

ci ted may radiate impnlsee through other nerve-fihnee to
distant parts, the eentre serving as 11 connecting link he
tweenthe fihres which carry it11a from without in, and
those which eenvey them from withinout.
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5. Fmtha n wn0lndeüat q nd wrd n

not be amueed by impulnee reacbmg the sp innt m d only ,

nor Me theWill ite t here ; 1ml£t@nandmnea bum are

dependent uponstate: qf the brain. This follows Item the

unenn9chns mmementnof the limb which follow stimula»
tienof ite akinafter eueh injnry to the epinal cmüas pre

vente the transmission of neu em impnlsee further on

(showing that the card is rdez centre) , and from the

abnence, ineuch cases, of eenaationinthe part whosenerm
have beeninjured ‚ and the lose of the power of voluntarily
eaneing ite mnwlee te contract.
6. Final ly we conelnde that the epüml nord inaddition

to being a centre j
'

or refla acttone m ake to trm mit

cmwarde nervens tmpuleee to the brain; 11 fact which is een»
flrn1ed by the histologieal ohaem tion that in addi tion to
the nerve-eelln, which are the chamcteristie eenstitnente of
nerve-centres, it contains the simply wudnctive nerveo
fibree, many of which pass on to the brain. In other
words the epinal card, besides containing fihreewhich enter
it from , and pass from it to, peripheml parte contains
many which nnite it to other eentres ; and connect the
various eentree in it, as those for the arms and lege, to.
gether. This is true not only of the spinal card but of the
brain(which eentainsmany fibree uni ting difierent centres
init), and probanof all nerve-eentrw.

From what has beenstated inthe previous pemgraphe it is
clear that we may distinctly separate the nerve—trunks from
the nerve-centres. The fibres serve sha y te convey im
pelees either [rom without to a centre or in the opposi te
direction, while the centres conduct and do much more.

Some, 118 the epinal eord,are mere reflea: centree, andhave
noth ing to do with states of ecmseiousneee. A manwi th
his epinal Gerd ent or diseased in the dem ] regionwill
k ick violently it the sales of his feet be tickled, but will
feel nothing of the tiekling , and if he did not see his lege
would not know that they were moving. Reflex centree
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impulses then by the many nerve fihree connected with
them . By such means 11 single nerve-fihre can act upon
anextended regionof the Body. Inother cases it seems

l ik e that a feehle nervens impulse reaching an irri table
newe—cell excites changes inthis eompemble to those p
dueed

_

in11 muscle whenit is stimulated ; and the cell by
its discharge sende onreinforeednerve impeleee along its
other bmnches.

of the nerve-flbres of the Body when they convey nervone
impalees to a part arouse it to act ivi ty ; they are eacttant
fibree. There is, however, in the Body another very im
portant set which w est the activi ty of parts andwhich
are known as inhibitory nerve;fibree. Some of these check
the actionof central nerveus organs, andothers the work
of peri pheral parte. For instance tak ing a pinch of ennfi
will make most persons sneeze ; it exci tes centrally acting
fihres in the nase, these exci te a centre in the brain,
and this inturnsende ont impulsee by efierent fibreswhich
cause various muscles to contract But if the skinof the
upper l ip be pinched immediately after tak ing the snnfl, in

most cases the reflex act of sneezing, which the Will alone
could not prevent, will not take place. The afierent img

pnlses eonveyed from the sk inof the l ip have inh ibited”

what we may cal l the “
sneezing centre ;” and afiord ne

therefore anexample of inhibi tory fibres check ing centre.
Ou the other hand , the heart is muscnlar erganwhich
goes onheating steadily throughout l ife but if the branchee

of the pnenrnogastrie nerve going to it be exci ted , the beat
of the heart wil l be stopped ; it will eease towork and lie in
relaxed resting condition: inthiswe have aninetance of an
inhibitorynerve check ing the activi ty of peripheral orgen.

Clu stfleafi onof Nerve-Fibree. Nenly all the neue
ti t of the Body fal l into one of two great groups corre
spending to those which carry impnlsee to the eentree

and those which carry them out from the centres.
The former are cal led afi

'

erent or centr1
'

pctd fibree and the
latter e

_fi
'

erent 01° centrifugal. Since the impelneo reaching
the ccntree through the aflerent fibres generally cause sen
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eations they are oftencalled m m gfibra ; undnemany of
those which carry out impulses from the centres exeite
movements, they are frequently called motor fibm ; but

these last names are had, since even excluding inhibi
tory nervee, many aflerent fibree arenot sensory andmany
efferent are not motor.

We may distingu ish as enbdivisione of af ormtfibrue—the

following gronpe. Sensoryflbrenp roper, the exci tement
of which is followed by a sensationwhen they are con

nected with their brain-eentm, which sensationmay or

may not give rise to voluntary movement. 2. Reflex

fibree, the exci tation of wh ich may be attended wi th een
eciousnees but gives rise to involuntary eflerent impulses.
Thea for example l ight fal l ing on the eye eanees not only
11 sensationbut also 11 narrowing of the pupil , which is eu

tir e independent of the control of theWill . No absolute
line can, however , be drum betweenthese fihree and those
of the last group : any suddenexcitation, as anunexpected
noise, will cause aninvoluntary movement, while the same
sound ii expected would cause a movement or not aeeord
ing 118 was 1051104. 3 . Ezettom oterflbree. The exci tation
of these when reaching nerve-eentre eansee the stimnla

tion of eflerent fibres, but without the participation of
wneeionsnees. During testing for instance bile acenmn

letee in the gal l-bladder and there remains unti l some
semi -d igested food pa&ee from the stomach into the inteso

time. This is acid, and stimulates nerves in the mneons
memhrane l ining the intestine, and these convey an im
pnlse to a centre, which ineeneeqnenee sende ont impfl ses

to the muscular coat of the gall-bladder eansing it to een

tract 111111 expel its contents into the intestine : but of all
th is we are entir e nnconseions. 4. Centro-inhßitory
fibree. Whether these ex ist es 11 distinct class is at present
doubtful. It may be that they are only ordinary eeneory
er reflex fihre5 and that the inhibitionis due only to the in
terferenee of two impnlsee reeehing a central organ at the
same time and impeding or hindering the ful l production
of the normal resul t of either.

In efierent nerve;flbres physiologiste also distinguish
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several groupe. 1 . Motor fibree, which are distributed to
the muselee and governtheir eontraetions. 2. Va1w-motor

fibme. These are not logically eeperable from other motor
fibres; but they are distributed to the mneelee of the blood
vessels andby governing the blood -supply of various parte ,
indirectly produce euch secondary reenlte as entir e over
shudmv their primary eflect as mer e producing muscular
eentmetions. 3 . Secretary j ibree. These are distributed
to the cells of the Body which form various liquideneed init.
as the saliva and the gastrie juiee, and arenee them to ac

tivity. The sal ivary glande for instenee may be made to
form saliva hy etin1ulating nerves going to them, and the

same is true of the cel ls Wh ich form the Sweat poumd ont

upon the snrfaee of the Body. 4. Trep late nerve-j ibres.

Under this head are included nerve fibres which have been
supposed to governthe nutri tionof the various tim es, and

so to control the ir heal thy life. It is very doubtful, how
ever, if any such nerve—fihres exist, most of the facts cited
to prove their existence being otherwise explicable. For

instance ehe
'

nglee is a disease characteri zed by an em ption
onthe skinalong the l ine of certainnerves which runbe
tween the ribe; but it may be dependent upondisease of

the vas<nnoter nervee which eontrol the bleed-supply of

the part In other cases diseases aeeribed to injury of
trophic nervee have been shown to be due to i njury
of the sensory nerves of the pw t, which having lost its
feeling, is exposed to injuries from which it would other
wiee have been protected. Onthe other hand it may he
said that secretory nerves are troph ic nerves in the true
sense of the word, since when exci ted they cause the se

eretory cel ls to live ina special way (p. 269) and produce
snhetanees which when unacted upon by their nervee they
donot form . But if we call secretory nerves trophic we
must include also under that name 1111 other eflereut

newes; the nntritive processes going on in mnecnlar

fibre whenat work are difierent from those in the same

übte when at rest, and the same is true of all other cel ls
the activi ty of which isgoverned bynerve—fibres. 5. Peri
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extent. If, for example, the sc iatic of 11 frag be exposed in
the thigh anddiv ided, it will be found that electric ebooks
appl ied at the point of div ision to the outer half of the
nm e stimulate the motor fibree init, and cause the mue
cnlur fihreeof the leg to contract : andsimilarly euch ebooks
appl ied to the ent end of the central half irritate the eife
rent fibres init, as shownby the signe of feeling exhibi ted
by the animal . Inourselves, too, we often have the opper
tunity of observing that the eeneory fihres canbe stimulated
intheir course at some distance from their ende. A hlow
at thehack of the elbow, at the point commonly known as
the funny bone”

or the “ crazy bene,” eon1preeeee the

nlnar nerve there against the mhjwent bone, and starte
nervons impulses which make them elves known by severe
tingl ing painreferred to the l ittle and ring fingers to which
the nerve is distributed . Th is shows not only that the
nerve—fibres can be irri tated in their course as wel l as at
their ende, but also that senmtions do not directly te ll os
where a nerve—fibre has beenexci ted. No matter where in
its course the impube has been started we nneenseionsly
refer its originto the periphere] end of the aflerent nm e.

General and Special Nerve S timuli . 0e1tainexternal
for0eeexcite all nerve-fibree, and inany part of their een1ee.

These are known as general mrve stimuli; othersnot only
on the end ergane of nerve-fibres, and oftenonly on one

k ind of end organ, nnd hence cannot be made to exeite all
newes: these letter are eommonly known as special nerve
el1mek

'

. Inreal i ty they are not properly nerve stimul i at
all; but only th ings which so aflect the irritable tissues at
tached to the ende of certainnerve—fihres 113 to make these
tissues inturnexci te the nerves. For example l ight iteelf
will not etirnnlate any neu e, not eventhe optiez but inthe
eye it effects changes (apparently of a chemical nature)
hy wh ich snhstanees of the nature of general nerve etin1uli

are produced and these st imulate the optic nerve-fibres.

The ende of the nerves in the sk in are not accessible to
l ight nor are the pmper end organs onwhich the l ight
note there present, so l ight doesnot lead to the production
of nervone impalma in them : but the optic nerve wi thout



ae these are. Simi larly the aérial vibrations which nfleet
115 118 sounds, do notstimulate directly the fihreeof the audi
tery nerve. They not on terminal organs in the eur, and
these thenstimulate the fibreeof the nerve ef hearing, just
as they would any other nerve which happened to be een
nected wi th them.

General Nerve Stit . These known are (1) electr ic
eerrmte : an electric shoek passed through any part of
any nerve-flhre, powerfully exci tes it. A steady current
passing throngh 11 nerve does not stimulate it, but any
sudden change inthis, whether an increase or decrease,
does. A very gradnel change inthe amount of electrici ty
passing through 9. nerve ina uni t of time will not st ime
late it. (2) Meehanicol stimal1

'

. Any sudden pressure
or traction, as hlow or pn", wil l etin1nlnte 11 nerve
flbre Onthe other hend steedy pressure, er pressure very
slowly increased irem 11 m inimum, Wil l not exeite the

nerve. (3) Thermal stimal1
°

. Any suddenheating 01° cool
ing of a nerve, 118 for instance bringing 11 hot w ire close to
it, wi ll stimulate; slow changes of temperature wil l net. (4)
Chemical et1

'

m1111
‘

. Many substances which al ter thenerve
fibre ehemie1flly, stimulate before k i ll ing it ; thusdipping
the ent end of nem into strong solutionof common ealt
will em i te it, but very slow chem ical change in 11 nerve
faile to stimnlete.

Inthe case of all these general stimul i it will be seen

that as one condi tion of their efi eaey they must net with
wnsiderable mddennese. Onthe other hand too transient
influeneee have no effect . Anelectric ebook sent for only

of a second through nm e does not stimnh1te

it : apparently the inertia of the nerve molecules is too
great to be overcome hy se brief enaction. Se, also, te e
strong sulphuric acid and rnnny other hodiee k il l nervee
immediahaly, al tering them 80 rapidly that they die without
being stimulated.

8pecial None stimuli . These 58 alreedy explained
act only enparticular nerves, not because one nm e is es

eentially d ifferent from another, but heeanee their influence
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is excited through special endorgane which are peculiar te
some nervee. These st imuli are—(l ) Changes oecnrring in
central organs, of whose nature we know next to noth ing,
but Which excite the eflem nt nerve—fibree connected with
them. The remaining special etin1uli not onafferent fihres
through the eense»mgans. They are Light,which by the

interventionof 01°n intheeye excites the opticnerve. (2)
Sound, which by the interventionoi organe inthe e11r exci tes
the auditory nerve. (3 ) Heat, which through end organe in
the skin is able, hy very sl ight changes, to exci te certain
newe fibr es: such elight ehenges of temperature being
eflieient eswould be qui te incapable of acting es general
nem stimul i wi thout the proper end organs. (4) Chemical
agm e1

'

ee. These whenextremely feeble and incapable of

acting as general stimul i, canact 115 special stimuli through
special endorguns inthe month 11 1111 n<>se (as in taste and
small ) and probat inother parts of the alimentary tract,
where very feeble acids and alkal ies seem able to excite
certainnervee, end reflexly thmngh them excitemovements
or st ir up the cells eoneerned in mak i ng the digestive
l iquids; for example the eontraotion of the gall -bhtdder
already referred to. (5) Mechanical stimul i whenso feeble
as to be inetficient 118 general etin1nli. Pressure on the

skin of the forehe11d or the back of the hand , equal to .002

gram grain) can be fel t through the end orgens of
the eensory fibree there, but would be qui te incapable of

aeting 115 11 general stimulns inthe absence of these.
It will he noticed as negands the special etin1nli of

afierent nervee that many of them are mer e less degrees
of general stimuli ; the endorgnns insk in, month, and nase

are infact exci ted by the same things as the nerve-fihree,

but are far more irri table. In the case of the higher
eensee, seeing and hem ing, however, the end organs seem

to differ entir e in property fm1n nerve-fibres, being
excited hy sonorons end l uminous v ibrations which , so far
118 we know, will in 110 degree of intensi ty directly oxcite
nerve-fibree. To make anend org11n tor reeognizing very
slight pressureswe may imagine all that would be needed



https://www.forgottenbooks.com/join


194 THE HUMAN BODY.

along the fibre. If the muscle were ent away from the end
of the nerve we could still detect that nervous impulse
had traveled from the point of stimnletionto that where
the fihree were divided , by tracking the negative variafion.

Now if we examine the part of the nerve on the central
side of the stimulated point we find that negative varia
tion(end heneewe conclude 11 nervone impuhw) travels that
way too ; it starte at the same moment es the efferentnega
ti ve variationand tr1wele inthe same way, but the impulse
ofwhich it is a.signproducesno more effect thanthe efierent
impn]ee would after the muscle had beenent away ; for it
doesnot reach anymuscnlnrfibre, or seneory or reflex centre,
which it canarenee to activi ty. (4) The followi ng experi
ment is, however, more conclusive. If 11 rat’s tei l be em

pnteted close to the body of the animal andhe then trans«

planted to the back and eewn into the sk in there by its
narrow end

, it wi ll grow i n this new posi tion, wi th the
broad end, which was previously attached and nearwt the

spinal m d, now free and farthest from it. The teil, i n
other wende, wil l be upside down. After the wound has
healed, the nm e-fibres inthe teil , or some of them, attaeh

them elves to the ent nerve—fibres i n the wound of the
back to which it was transplanted, and the tei l again be
comes sensi tive if the endnow free he pinched . Here one
of two things must have occurred . Ei ther the efferent
nerve fihres in the te i l which naturally carried impeleen
from its tip up, now carry them inthe opposi te direction
from the broed end to the tip, or the efierentnerve-fihres
which carried motor imp1fleee down the tei l , nowcarry sen
sory impulses nnd transm i t them to the seneory fihree in

the back wi th which they have become eontinnons. If the

first , which is the more pmhable hypothesis, be true, it
is proved that afierent nerve-fibres can carry impulses in
either direc tion: if the second be true it is still more clear
that there is no special peculiari ty i n sensory nervons
impulse whencompared with 11 meter.
M emnt and efierent nerve-fibree then difler i n no

oheerveble property. All are alike i n facul ty and their
dißerent names simply imply that they have d ifferent ten»
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m inal ergane. Just 118 1111 mnaelee are al ike in general
physiologicnl properties, and difler in special function
aem rding to the parts onwhich they act, se are 1111 neu e

fibrenal ike in general physiological properties, and difler
111 spec ial function only because they are attached to spe

cial th ings. The special physiology of various nerves wi l l
hereafter be considered i n connectionwith the worki ng of
various mechaniems i n the Body. If it be true that the
great snbdifißions of eflerent and eflerent fihree have
identical properties, it tol lem that this is a j ar tiom

' true
of the m inor subdivisions of each , and that audi tory, gue
tatory, and optic nerve—fibres are all nlike, and all identi

eal with motor und vase-motor and secretory nerve-fihme;
and that thenervone impnlse is i n all cases the same th ing,
varying in intensi ty in different cases and in the rate at

which others follow it inthe same fibre, but the same in
ki nd. To put the case more definitely : Light outside the
eye exists es ethereal vibrations, sound outside the ear ae

vibrations of the air (eomrnonly) . Each kind of v ibration
acte on a particular end organ in eye or ear which is
a1h1pted to be aeted upon hy it, and i n turn these end

organs excite the optic and auditory nerve-fihree; these in
consequenee transmit impulses, wh ich reeching different
parts of the brain excite them ; the exci tement of one of
these brain—eentree is associated with eonorons and of the
other wi th visual sensations. The new ens impnlse i n the
two eaeee is qui te al ike, at least 118 to qual i ty ; though itmay
1118er in quanti ty and rhythm , andthe resul ting difierenee
in qual ity of the sensations cannot depend on it. The

qual ity diflereneee in these cases must be products of the
central nervene system. If we had 11 set of copper wireswe
m ight by sending precisely simi lar electric enrrents through
them produce very difierent resul ts ifdiflerent things were
1nterpmed in their course. Inone case the current might
be sent through water and decompose it, doing chemical
work ; in another through the ce i l of an electro-magnet
and mise weight ; i n a third through a thin pletinnm
wire and develop light and heat, and 80 enz the resul t
depending on the term inal organe, as we m y call thm ,
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of each wire. Or on the other hand we m igh t gem
erate the current in each wire differently, in one by 11

Daniell’e cell , in a second by thermoe leetrie machine,
ina third by the rotationof megnet inside a 0011, but the
currents i n the wiree would be essentially the same, as the

nervone impulses are i n 11 nerve-tibre. No matter how
they have been started and, provided their amount is the
same, whether they produce sim ilar or dissim ilar resul ts,
depende only onwhether they are connected with simi lar
ex dissim i lar end organe.
The Nature of Nervoue Im pulse. Since between

eense—organe andeeneory eentree, end these letter and the

musclee, nervons impulses are the only means of communi
cation, it is through them that we arfive at our opinions
concerning the external nniverse and through them that
we are able to net uponit; their ul timate nature is there
fore matter of great interest, but one about which we
nntortnnately know very li ttle. We cannot well ima.

gine it anything but a mode of motionof the molecules of
thenerve«-fibm , but beyond this hypothesis we cannot ge
far. Inmany po ints the phenomena presented by newe
fibree 118 transmittere of dieturbanees are l ike the phenom
ena of wires as transm i tters of electricity, and when the
phenomena of current electrici ty were first observed there
was 11 great tendency, explaining one unknown by another,
to consider nervone impulses memly as electrical cnrrente.
The increase of our knowledge concerning both nervee and

electric currents, however, has made such an hypothesis
almost ii net qui te untenable. .Inthe first place, nerve
fibres are extremely bad condnctors of electricity, so bad
that it is impossible to snppose them need i n the Body for
that purpose, and in the second place, mere physical een
tinnity of a.nerve-fihre, euch es would not interfere with
the peenge of anelectric current, wil l not snfi ee for the

transm issionof 11 nervons impulse. Fer inflemee if dnmp
string he tied around anm e, or if it be cut and its twome ist
ende placed 1n contact , 110 nervens impelne wi ll be trane
mitted across the constricted er difided point, although
an electrical current would pass readi ly. An electr ical
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course and divided i n a l iv ing animal, it will be found that
irri tating itsperipheml stump eanseemuscular eentraetione,
and pinching i ts central stump causee signs of sensation,
showing that the trank eonta ined both motor und eensery
fibres. If the trank he followed away from the centre, as
it hreaks up into smaller and smal ler hmnchee, it wil l be
found that these too are m ixed nnt1l ve1y near their end

inge, where the very finest terminal branches close to the
end ergans, whether mnsenlar fibres, secretory eelle, or een
eoiy apparatneee‚ conta in only afferent or eflerent fihree.

If the nerve—trnnk be one that arisee from the spinal cord
and be examined progressiv e heel: to its origin, it will
still be found m ixed, up to the point where its fibres sepa
rate to enter ei ther an anterior er posterior nerve—root.
Each of these letter however is pure, all the eflerent fihree

of the spinnl nervee leaving the card by the anterior roote,
andall the aflerent entering it by the pmterior. This of
course could not be told from emm ination of the dead
nervee since the best mieroeeope teile to dietingn

'

mh an

afterent from an eflerent fibre, hat is readi preved hy
experiments first performed by Sir Charles Bell. If nn

anterior root be ent andits enter end stimulated , the mue
cles of the parte to which the trank which it helps to form
is distributed, wi ll be made to contmet, and the skin wil l
be made to sweet 11180 if the root happen to be one that
containssecretory fibreefor the eweat»glands. Ou the other
hand, if the central endof the root (that part of it attached
to the card) be stimulatedno resul t will follow, showing that
the root containsno eensory, reflex, or excitc-motor fihree.

With the postedor meta the reverse is the case : ii one of

them he divided and its outer endstimulated , no oheerve1l

resul t follows, showing the abee11ce of all etferent fihres;

but stimuh1tionof its central endwil l cause ei ther sigma
of feel ing, er reflex actions, or both. We m ight een1pere 11

epinal nerve-trnnk to a rope made up ef green and red

threads with at one end all the greenthreads collected into
one ekeinand the red into another, which would reprewnt

the roote. At its farther end we may suppose the rope
divided into finer 001118 , each of these also containing
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red and green threads down to the very finest hmnehes

consisting of only 11 few threads and those 111] of one ki nd
either red or green, one representing eflerent, the other

The Cranial Nerven. Most of these are m ixed also, but
with one exceptien(the fifth pair , the small root of which
18 efleeent andthe large gangliated one aflerent) theydo not
m ent distinct motor and seneory roots, l ike those of the
epinal nervee. At their origi n from the brai n meet of them
are either pure eflerent 01° eflemnt, and the mixed char
acter which their trunks exhibi t is due to cross»hranchee

wi th neighboring nerves, in which nflerent and efierent

[i hres are interehenged. The olfactory, optic, and audi
tory nerves remain, however, pure aflerent in all their
course, and others though not quite pure containmai nly
efierent fibree (as the faeial) or mainly aflerent (as the

glw phmngeal)
The Intereommunieaüonoffl erve—Contree. From the

anatmnieel m m gement of the nervons system it is clear
that it forms one cm tinnons whole. No subd iv ision of it
is isolated from the rest, het nerve- trunks pmeeeding from
the centree in one direction hind them to various tissues
end, proeeeding in another, to other nerve-eentree ; which
1n tnrn are uni ted with other tieenee and other eentres.

Since the physiolog ieel character of 11 nervedihre is its con
ductivity

— its power of propagating a distnrlmnee when
enee its molecular equilibrium has beennpset at any one

point—it is ohvions that through the nervens system any
une part07theBody, supplied wi th nerves, may reaet 011 all
other parte (wi th the exeeption of such as heim undnnite

endeafl ilagee, which are not known to possess nervee) and
excite changes 111 them. Pre—eminently the nervons system
terms 11 uniting anatomi cal nnd phy siological bond through
the ageney of which nnit

_
v and order are produced 1nthe

activities of difierent 1111 11 dietant parte. We may compare
it to the Western Union Telegraph

, the head emee of
which in New York would represent the brai n and epinal
cord ; the more important central 0fi ces in other large
eitim, them pathetie gangi

'

m; and the m inor emees in
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emm try stations the sporadic gangl ie ; while the tele
graph- 11 iree, directly 01° ind irectly uni ting all, would corre
spend to thenerve-trunks. Jnet as informationstarted along
some outlying w ire may be transmi tted to 11 central ofiiee,
andfrom it te others, and then, weording to what happens
to it i n the centre, he etopped there, 01° spread i n all diree
tions, 01

° in0ne or two only, 80may a nervone distnrbanee
reaching a centre by one nerve- trunk mer e exci te changes
i n it or be radiated from it through other trunke more
or less wid e over the Body and arense various activi

ties i n its other component tissues. In common life the
very frequency of this uni ting acti vi ty of the nervons sys
tem is such that we are apt to entir e overlook it. We
donot v onder how the sight of pleasant food w ill make the
month water and the hand reach out for it; it seems as we

say natural” and to need no explanation. But the eye

itself canexci te no desire, cause the eecretionof no ealiva,

and the movement of no limb. The whole complex result
depends on the fact that the eye ie uni ted by the optic
nerve with the brain, and that again by other nerves with
a l ivu-form ing cells, and with mumular fihres of the em ;

and through these 11 change exci ted hy l ight fnlling into
the eye is enabled to produce changes infar removed or
gane andexeite desire, secretionandmovement Incases
of disease thisactionexerted at a distance ismore apt to ex

eite our attention: vomiting is a very common symptom of

certain brai n diseaeee and most people know that 11 111801
dered stomach will produce a headache ; while the pain
eenneqnent upon the hip-diee1we of chi ldren is usually telt
not at the hip-joint but at the knee.
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and these eo
_

nvey it agai n to the heart. At certain point
in the course of the blood-

puthe valves are pleeed, whie]
prevent haek-flow. This alte1‘nating m eptionof 111001
at one end by the heart and its ejectionfrom the other

mou s e! dlßem t u ter1ee

on during life steadi ly about seventy times i n 8 min

und 80 keep the liquid eonetantly i n motion.
The vu enlar system is completely closed except et
points where the lymph-vesseleopen into the veine (p . 8



nd everything which entere it must do the same, exeept

matters conveyed i n by the lymph at the points above
mentioned . This interehange through the walls of the
vessels takesplace only in the capi llaries, which form 11 sort
of irrigation system all through the Body. The heart ,
arteries, andm ins are all mer e arrangements for keeping
the eepillariee ful l and renewing the blood wi th in them.

It is i n the mpillariee alone that the blood does its phy
siolog ical work.
The Positionof the Heart. The heart (h, Fig. l ) 1118

inthe cheat immediately above the diaphragm and oppo

si te the lower two th irds of the breaet-bone. It 18 coni cal
inform wi th its base or broader end turned upwards and
projecting 11 little onthe right of the sternnm, while its
nanow end or apex , turned downwards, projects to the left
of that bone, where it may be fel t beaüng between the
cartilages of the fifth and sixth ribe. The position of the
organ inthe Body is therefore obliqne with reference to its
long 111118 . It does not, however, lie on the left side 8 8 18
80 eommonly suppoeed but very nearly in the middle l ine,
with the upper part incl ined to the right , and the lower
(which may be easier fel t heeting—henee the common
bel ief) to the left.
The Membranenof the Heart. The heart doesnot lie
here in the chest hat 18 8111 10d by 11 looee bag composed
of connective tissue andcal led the periandiem. Th is bag ,
like the heart, is eonical het turned theother way , its brand
part being loweet andattached to the upper surface of the
diaphragm. Internally it is l ined by e amooth eerouemem

brane like that lining the abdominal cavi ty, and 8 sim ilar
leya (the viscem l layer of the perieardiun1 ) covers the ont»
side of the heart i tself , adhering closely to it: Each 01 the
serons layers is eovetedby 11 strateni ef flat cells, and in the
speee between them is found a. small quanti ty of l iquid
which meistens the contiguoussurfaces1, nnddiminishes the
frictionwhich would otherwise occur duri ng the movements



endocardium. Between the endocardium and the v isceral
layer of the peri cardium the bulk of the wal l of the heart l ies
and is madeup mahnly of striped muscular tissue (difl

'

ering
somewhat from that of the Skeletal muscles) ; but eonnectiv9
tissuee, blood-vessels, nerve«celh , and nerveo fibres are also
abundant init.

'

ole. Sometimes the pericardium becomes inflamed,
this afiectionbeing known as pericarditis. It is extremely
apt to occur in acute rheumatism ‚ and great care should
be takennever, evenfor a moment, except under medical
advice, to expose patient to cold during that d isease,

since any chi l l is thenespecial ly apt to set up pericardi tis.
Inthe earl ier etagee of pericardiac iuflammationthe rubbing

onthe outside of the heart and the inside of the
pericardium become roughened , and theix frictionproduces
sound Whi@h can he recognized through the stethoscope.
Inlater quant1txes of l iquid may eceumulate m

the so as to serious 9 the heart’s
ba t.

Gavifi ea of the 011 opening the heart (see
diagram , Fig. 78) it is
found to be subdivided
by a lengitnclinal parti
t ion or sep twm i nt o
completely eepm ted

right and left halvee,
the partition running

Di from about the middle
of the base to point
little on the right of
the apex . Each of the
chambers on the sidee

of the septum is aga in
incomplet e d i v i d ed

versely , into thinner bashl portion into which veine
open, known as the awriele, and a th icker apical pero

tion from which arteries m ise, cal led the ventrtcla. The

heart thus eon.sists of a right auficle and ventricle and a

‘N '
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by a deep groove from the ventricles, Vd undV8 . A mm
eballow fu rrow nme between the ventricles and indieatee

the positionof the internal longi tudinal septum. Ou the

—11»

domal aspect of the heart (Fig. 80) similar points may be
no ted‚ and on one or other of the two figures the great
venels opening into the cavi ties of the heart may be seen.

The pulmemzry ertery ‚ P, arieee from the right ventricle,
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and very soon divides into the right and left pulmonary
wte: ies, Pdand Ps, wh ich break up into smaller branches
and enter the corresponding lange. Opening into the
right auricle are two great veins (890also Fig. es and

of, known respectiv e as the upper and lower em cava ,

nr “ hollow” veins; so called by the older anatomists be
eanee they are frequently found empty after death . Into
the back of the right auricle opens also another vein,
Ve. called the m onary winor sinus, which bringe hack
blood that has circulated in the wal ls of the heart it
self. Springing from the left ventricle, and appearing
from beneath the pulmonary artery when the heart is
looked at from the ventral side, is a great artery, the
aorta , Ao. It forms an areh over the base of the heart
and thenraus down behind it at the back of the ehest.
From the convex ity of the areh of the aorta several great
branches are givenoff, Sm

'

, 08 , Ab; but before that , close
to the heart, the aorta gives ofl two coronary arteries,
brauchenof which are seen at crd and ers lyi ng in the

grammover the partitionbetweenthe ventricles.andwhich
carry to the substanee of the organthat blood which comes
hack through the eoronary sinne. Into the left auricle
opentwo right and two left pulmonary wine, ps und pd,
which are formed by the union of smaller veins proeeeding
from the lange.
In the diagram Fig . 78 from which the hmnehee of the
great vesselsnear the heart have beenomi tted for the ecke
of clearneee, the connection of the various vessels with the
chambers of the heart canbe better seen. Opening into
the right auriele are the super ior and inferior venm cavze

(cs and ci) and proceeding from the right ventricle the
pulmonary afl ory , P. Opening into the left auricle are

the right and left pulmonary veins pd andps) und spr ing
ing from the left ventricle the aorta, A .

The Inter ior of the Heart. The communication of
each uuriele with its ventricle is also reprewnted diagram
matically in Fig. 78 , and the valvee which are present at
those points and at the originof the pulmonary artery and
that of the aorta. Intem ally the aurieles are for the most
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part smooth‚ but from each hollowmuch , theM w lar

appendage, projects over the base of the corresponding ven
triele as seen at Ada: undA3 inFige. 79 and 80. Thm

pouehes have somewhat the shape of dog’s eur andhave
given their name to the whole anriele. Their interior is
roughened by museular elevations, cm eredby endwardium,

known as the fieshy columns (volumma cam ece). Onthe

inside of the ventricles (Fig. 81) sim ilar fleshy eolnmns are
very prom inent .

ae right and left, or as the tricusp id andmitm ! valves re

epectively. Themitral valve (Fig. 8 1) eoneists of two Hape
of the endocardium fixed by their basee to the margins of
auriculo-ventricular aperture andwi th their edges hanging
down into the ventricle when the heart is empty. These
unattached edgm are not however free, but have fixed to

them number of stout connective—tissue cards , the cordw
tmdinm , which are fixed below to muscular elevations, the
pap illnry musclw , Mp mandHp l, on the inte rior of the

ventri cle. The cards are long enough to let the valve flaps

rise into horizontal posi tionandso close the opening be
tween auriele and ventricle which lies between them, and

passes up behind the opened aortn, Sp , represented in the
figure. The triowp id value is like the mitml but with
three flaps instead of two.
Bemiluner Valvee. Thwe are six innnmher : three at

themonth of the aorta, Fig. 81, and three, qui te l ike them,

at the month of the pulmonary artery. Each is a strong
crescentic ponch fixed by itsmore cm ed horder, and with
its free edge turned away from the heart. When the

valves are in action these free edges meet across the vessel
and prevent blood from flowing back into the ventricle.

In the middle of the free bordet of each valve is a l ittle
eartilaginousnodule, the emp ue Aram" , andoneach side of
th is the edge of the valve is very thinandwhenit meets
itsneighbor deuhles up against it and 80 secures the closure.

The Ar terial 8y stem . All the arteries of the Body
nri5e ei ther directly or indirectly from the aorta or pnlmo

nary artery and the great majori ty of them from the fer
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oppodte the last lnmbar vertebn by dividing into the right
and left common t

'

h
'

aa arteries, which carry blood to the
lower limbe. We have thento eonsider the brancheeof the
areh of the aorta, and those of the descending aorta, which
letter is for eonvenienee described by anatomiste as eonsist»
ing of the thomaic m ia, extend ing from the end of the
areh to the diaphmgm, and the abdominal net te, extending
from the diaphragm to the final subdivisionof the vessel .
Branchenof the Arch of the Aorta. From this m ise

first the coronary arteries (crd and ers, Fige. 79 and 80)
which spring close to the heart, just above two of the

pouches of the semilnnnr valve, and carry blood into the
substanee of that organ. The remaining bmnchee of the
areh are three innumber, andall ariee from i ts convexi ty.
The first is the innominate artery (Aß, Fig. which is
very short, immediately break ing up into the right mbcla
m

'

cm artery, and the right common caroh
'

d. Thencomes

Sei .

Each m bdavianart5ry rung out to the arm onits o
_

wn
side andafter giving ofi vertebral artery (which runs up
the neek to the head inthe vertebral camel of the transverse
processes of the eervieel vertebra ), crossee the arm-pit and
takes there the name of the ax illary arwry . This een

tinnes downthe ann as the brachial artery , which, giving
ofi brenehes on its way, nme to the front of the um , and

just below the elbow-joint di vides into the radial and ulnar
arteries, the lower ende of which are seen at B and U in

Fig. These supply the feremu and end inthe hand
hy uniting to form anareh , from which branches are given
06 to the fingen.

Thecommoncarotidartertee pass out of the cheat into the
neck, along which they ascend onthe eidesof thewindpipe.

Opposi te the angle of the lower jaw each dividee into an

internal and external carotid artery , right or left as the
case may be. The letter endemainly in branches for the
face, scalp, nndsal ivary glunds, one great subdivisionof it
with a tortuouscom e, the temporal artery , being oftenseen

’ P. 202»
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tern»! carotid mtery enters the ekull through anaperture
inits base and suppl ies the brain, which it will be remem

bered also gets blood through the vertebml arteries.
B ranchenof the Thoraci c Aorta. These are nnmerone

but small . Some, the intoroostal artm os, runout between
the ribo and supply the ehest-wal ls; others, the bronchial
artorioa, carry blood to the lange for their nourishment,
that carried to them by the pulmonary arteries being
brought there for another purpose; and a few other small
brancha are given to other neighboring parte.
Branchw of tho Abdominnl rta. These are both
large and nnmemus, supplying not only the wall of the
posterior part e! the trank, but the important organs inthe
abdominal cavity. The larger are—the ca lüw azie which
supplies stomach , epleen, l iver, and pancreas; the superior

mesm ter ie artery which suppl ies a great part of the intes
tine; the rum! arteriee, one for each k idney ; and finally
the infen

'

or vw.smlerio artery which supplies the rest of

the intestine Besides these the abdom inal aorta gives ofi
very many smaller hrenehes.

Arterienof the Lower Limbe. Each common il iac di
vi des into an internal and external c

'

liac artery. The
former mainly ende inhrenehes to parts lying inthe pelvis,
but the letter passes into the th ighs and there takes the
name of thefenwral artery . At first th is lies onthe ven
tral aspect of the l imb, but lower down passenback round
the ferner, andabove the knee-joint, where it is called the
pop liteal artery , div ides into the anterior andpoaterior
tibial arterin which supply the leg and foot.
m Oapfl lariea. As the arteries are followed from the

heart their branchee becomesmaller andsmaller, andfinally
cannot be traeed wi thout the aid of a microwope. Ul ti
mately they pass into the cap illariu , the walls of which
are simpler than those of the arteries, and which form
very close networks innearly all parte of the Body ; their
immense number compensating for their smaller size. The
average diameter of a capil lary veseel is .016 mm. (“In
nach) so that only two or three blood eorpneelee can pm
through it abreast , and in many parte they nre oo cloae
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that pin’
e point could not be m m betweenh m of

them. It is while flowing in these delicate tnbea that the
blood does its nutri tive work, the arteries being mere
eupply

- tubes for the eapillaries.
The Veins. The first veins arise from the capillarynet

works invarious organs, andlike the last arter ies are very
They soon increase in size hy unionand so form
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median m ve, l , : hraneh of the bnchinl plexus v hieh

m pplia eenral mnaeles ef the forearm md hand , the ekin
om a great pat t of the pnlm, and the three inner fingen,

is seenalongside the ertery . The larger veins of the part
m seen to form a more snperfleial network, joined here
and there, as for inetance et hy bmnehes from deeper
parts. Several email nene-bnneheewhich supply the skin
(2, 3 , 4) are seenamong these veins. It is from the veeeel,
mp , ca lled the cepluxlic win, just above the point where it
croeeee the medien nm e, that surgeons usual ly bleed a

patient
A great part of the blood of the lower limb is brought

hack by the long saphenouc win, which eenbe seenrunning
beneath the skinfrom the inner side of the ankle to the
top of the th igh. All the blood which leaves the heart by
the net te, except thatnewing through the eoronary arte
riee, is finally collected into the superior and infm

'

or em

mm (os end ci , Figs. 79 and and ponved into the
right m iele. The jm lcr w in: wh ich run down the

neck, carrying back the blood which went ont along the
carotid arteries, nnite below wi th the arm—vein(subdavian)
to form on each side an innominatc vein(An

'

and Ach
,

Fig. 79) and the innominates nnite to form the superior
cam . The eorenm—artery blood after flowing through the
eepillaries of the heart itself, also returns to this anriele by
the comnary mins.
The Pulmonnry G reulafion. Through this the blood

get: back to the left side of the heart andso into the aorta
again. The pnhnonary aftery, dividing into branches for
each lung, ende inthe capillaries of those orgens. From
these it is collected by the pulmonary veine which carry it
back to the left auriele, whence it passes to the left ventricle
to reeommenee its flow through the Body general ly.
The Gonna of the Blood. From what has beensaid it

is clear that the movement of the blood is a circulah
'

em

Starting from any one chamber of the heart it will intime
returnto it; hat to do th is it must pass through at least
two seta of eapillariee; one of these is connected wi th the
aorta and the other with the pulmonary artery, and in its
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circuit the blood returns to the heart twice. Leaving the
left side it returns to the right, and leaving the right it
returns to the left : andthere isno road for it from one side
of the heart to theother except through 11 capillary network .

Moreover it always leaves from a ventricle through an

artery, and returns to ananricle through a vein.

There is then really only one cirenlation; but it is not

nneomm on to speak of two, the flow from the left side of
the heart to the right, through the Body general ly, being
cal led the systemic oirculatim , and from the right to the
left, through the lange, thepulmonary cirm latz

'

on. But

since al ter completing either of these alone the blood isnot
againat the point from which it started, but is separated
from itby the septum of the heart, nei ther is a eirenlatien”

inthe proper sense of the word.
'
.l'he Pw tel Oireulation. A eertainport

'

ionof the blood
which leaves the left ventricle of the heart through the
norta has to pass through three sets of capillaries before it
can again return there. This is the portionwhich goes
through the stomach , spleen, pancreas, and intestines.
After traversing the capil laries of those organe it is col
lected into the portal vein which enters the liver, and

breaking up in it into finer and finer bmnehes l ike an

M ery, ende in the wpillaries of that ergan, form ing the
second set which this blood passes through on its course.

From these it is eolleewdby the hepatio mins which pour
it into the inferior vena cam , which carrying it to the right
auriele, it hasstill to pass through the pulmonary eapillaries
to get back to the left side of the heart. The portal vein
is the only one in the Human Body which thus l ike an

artery feeds a capillary network , and the flow from the

stomach and intestines through the l iver to the vena eava
is oftenspokenof as the portal circulati0m

Diag ram of the Otreuletion. S inee the two halves of
the heart are actually complem eeparated from one
another by an impervious parti tion, al though placed in
pr

_

oxim i ty inthe Body, we may eonveniently represent the
course of the blood as in the aeeompnnying diegram (Fig.

84) inwhich the right and left hoh es of the heart are top.



21 6 m m BODY.

resented at diflerent points in the vaecular system. Such
anarrangement makes it clear that the heart is really two
pumpe work ing side by side, and each engaged in forcing
the blood to the other. Starting from the left anriele, la ,

und following the flow we trace it through the left ventrio
cle and along the hrenehes of the
aorta into the systemic capi llaries, ec;
from thence it pm es hack through
the system ic veine, ve. Heeehing
the right anriele, ra, it is sent into
the right ventricle, re, und thence
through the pulmonary artery, pa,
to the lung capil laries, p e, from
which the pulmonary vei1m‚ pv, car

ry it to the left auriele, which drives
it into the left ventri cle, le, and this
againinto the aorta.

blood when flowing in the pulmo
nary capil laries givesup carbondiex
ide to the air and receives oxygen
from it; and since its oo]oring mat

ter (hmmoglohin) forms a scarlet
—Dlocnm of eomponnd with oxygen, it flows to

11m 11 form
J

5 the left anriele in the pulmonary
veine of 11 bright red color. This
color it maintains unti l it reachee

the systemi c capil laries, hut 1nthese
m m ac.ndemio it loeesmuch oxygento thesnrrennd

ing tim es and gaine much w hen
1W. dioxide from them. But the blood

coloring matter wh1eh has lost its
oxygenhas a dark purple—hlack color, and since this 11 11

ex1dize1i 01
°

reduced”
hmmoglobin is now inexcess, the

blood ret11m a to the heart by the venm cam of a dark
purple-md color. This color it keeps until it reaches the

lange, when the redu0ed hmmoglohnn becomes againoxi
dized . The bright red blood , rich inoxygenand poor in
carbondioxide, is knownas arterial blood”

and the dark
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8trueture of the Veine. In these the same three pri
mnry eoats es inthe arteries may be found : the inner und

middle ech te are lessdeveloped whi le the outer one remains
th ick , andismade up almost entir e of white fihrous tissue.
Henee venoue wal ls are much thinner than thwe of the

corresponding arteries, and the veine col lapse whenempty
while the etouter arteries remainopen. But .the tenacity
and toughnese of their outer eeate give the m ins great
strength.
Execpt the pulmonary ertery and the north , which pos

sess the sem ilunar val ves at their cardiae orifices, the

artewiespossessno valves. Many veins onthe contrary have
such , formed by semilunar pouches of the inner coat, at
teched by one marginand having that turned towards the
heart free. These valves, sometimes single, eftener in

pairs, and sometimes three at one level , perm i t blood to
flow only towards the heart , for a current inthat direction
(as in the upper diagram, Fig. 85) presses the valve close

against the side of the vessel und
meets with 110 ohst1'n

'

etionfrom it.

1: 2 8 Should any back-flowbe attempted ,
however , the current closes up the
valve and here its own passage es

11 indicated in the lower figure.

These valves are most nnmerene
—M m to Illu»
mode M on o

111 superfieml veme and those of
menu ol the m i the
mei

m
w a H. 32

0 muscular parts. They are aheent
endet vm et in the venae cavee and the porta l

andpulmonary veins. Usually the
vein is a li ttle dilated opposite a. valve and henee inpart
where the valves are numerens gets a knotted look. On

cmapressing the forearm so as to stop the flow inits euh

entaneons veins and cause their dilatation the points et

wh ich valves are placed canbe recognized by their swollen
appearanoe. They are most frequently found where two
w ine communicate.



CHAPTER XV .

THE WORK ING OF THE HEABT AND BLOOD.

VESSELS .

'I'he Beat of the fl eort. It ispossiblebymethode known
to phyüolog ists to open the chest of 11 livi ng narcotized
animal , such as a rabbit, and see its heart at work , alter
net e eontracting and dim inishing the cavi ties wi thin it
and relaxing and expanding them. It is then observed
that each beat commences at the months of the great veine;
from there nme over the rest of the anricles, and then
over the ventricles; the auricles eommencing to dilate the
moment the ventricles emnmenee to contract. Heving
finished their eontraetien, the ventricles also eommenee te
dilate and 80 for some time nei ther they nor the a11rieles

are eontracting , but the whole heart expanding. The con

traction of any part of the heart is known as its 83/81!0l6

and the relaxation 118 its d1
'

astole, and since the two eides
of the heart werk synchronously, the auricles together and
the ventricles together , we may demrihe 11 whole cardiee

per iod” oor henrt»beat” asmade up eueeemively ot auricu

lar syslok , vm lrtcular systole, and pause. This cycle is
repeated about seventy t imes 11 m inute; and ii the whole
time occupied hy it be subdivided into 100 parte, about
9 of these wil l be oocnpied by the anrienlar eyetele, about
30 by the venhi enlar systole, and 61 by the pause :
during more than half of l ife, therefore, the muselee of
the heart are at rest. Inthe pam the heart if taken he
tween the finger and thumb feele soft and flabby but dur

ing the systole it (especially in its ventrienlar portion) be
comes hard and rigid.
Chang e of 1

'
orm of th e fl eert. Dur ing its systole the
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heart becomes shorter and wunder, mainly from a change
in the shape of the ventricle& A eros&eeotionof the heart
at the htwe of these letter dur ing diastole would be ellipti
0111 in outl ine, with its long d iameter from right to left
dur ing the systole it is more circular, the leng axie of the
ell ipse becoming shortened while the domo—ventm l dim eter
remains li ttle altereci . At the same t ime the length of the
ventricles is lessened , the apex of the heart approaching
the base and becoming blunter andwunder.
The Cardiae lmpulse. The human heart l ies wi th its

11pex teaching the ehest-wall between the fifth and sixth
rihs on the left side of the hreast hone. At every heat 11
sort of tap, known as the “

cardiac impulse”
or

“
apex

beat, ” may be felt by the finger at that point. There is,
however, 110 actual tapping

”
since the heart’snpex never

leaves the chee m During the diastole the soft vent1‘i
cles yield to the chest-wal l where they touch it, but dur
ing the systole they became hard and tense and push it out
11 l ittle betweenthe rihe, and so cause the apex beat. S ince
the heart becomes shorter during the ventr icular systole it
might be supposed that at that time the apex would move
up a l ittle inthe ehest. This however isnot the case, the
ascent of the apex towanda the base of the ventri cles being
mmpensated fer by a movement of the whole heart inthe
opposi te d irect ion. Ii water he pumped into an elastic
tube, already tolerably full , this will be distended not only
transversely but longi tudinally. This 18 what happens in
the aorta : whenthe left ventricle eontmctsandpumpeblood
forcininto it, the elastic artery is elongated as well as
w idened .and this lengthening of that l imb of its arch at

teched to the heart pushee the latter down towards thedia
phmgm, andeompeneates for the upward movement of the
apex due to the shortening of the ventricles. Henee if the
exposed l iving heart be watehed it appears as if during the
systole the base of the heart moved towards the tip , rather
thanthe reverse .

Evente oeeurring within the Heart during e Oardi ae

Period. Let 113 commence at the end of the ventricular
syatole. At thismoment the sem ilnnarvalvee at the orifiees
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enewh side of them ; but of course they m ight be fereed
openwithout this by applying entficient power to evereome
the higher water pressure onone side. It is in this letter
way that the semilunar valves are opened. The contracting
ventricle tightens its grip onthe blood inside it and becomes
rigid to the touch. As it squeezes harder and harder, at
lust the pressure onthe blood in it becomes greater than
the pressure exerted onthe other side of the valves by the
blood in the arteries, the flaps are pnshed open, and the

blood begins to pass out : the Ventricle continues its een

tractionunti l it has obli terated its cavi ty and complet e
emptied itself. Then it commences to relnx and blood
immedintely to flow hack into it from the h ighly stretched
mteries. This hack current , however, catches the pockets
of the eem ilnnar valves, dr ives them back and closes the
velve so 118 to form an impassable barrier; and 80 the blood
which has beenforced out of ei ther ventricle cannot flow

directly back into it.
Use of the Pap illary Mueelee. Inorder that the een

tmeting ventricles may not force blood hack into the

anricles it is essential that the Hape of the mi ttel and

tricuspid valves bemaintained horizontally across the open
inge wh ich they close, and be not pushed hack into the

anrieles. At the commencement of the ventricular sys

tole this is provided for by the eordm tendinew,
which are

of such a length as to keep the edges of the flaps in appe

eition, a posi tionwhich is farther secured by the fact that
each set of eord1e tendine1e (Fig. from a

point inthe ventricle, isnot attached around the edges of
one flap hat on the contiguous edges of two flnps, and so

tends to poll them together. But as the contracting ven
tr icles shorten, the eord1e tendinew, if directly fixed to

their interior, would be Slackened and the valve—flape
pushed up into the enricle. The l i ttle papilla.ry mnaeles
prevent this. Shortening as theventrieular systole pmceeds,
they keep the eordm tant and the valves closed .

Sounds of the Heart . If the car be plaeedonthe ehest
over the regionof the heart during l ife, two distinguish
able wende will be heard during each canliac cycle. They
are knownrespective 118 the first and second sounds of the

°P. 209.
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be no elosnm or teneionof those valves. Invarious 1
of heart disease these sounds are modified or cloak1
additional mnrmnrs” which arise whenthe eerdiae 01
are ronghened 01

° narrowed or di lated, or the valves i
cient. By paying attention to the character of the
sound thenheard , the exact period in the emdiae eyn
which it ocenre, and the regionof the ehest-wallat wh
is hend most distinctly, the physieiancanoftenget i1
tant information113 to its cause.

Dhm m ef the Eventu at
’

e Cardiee Cy cle. 11

following table the phenon1ena of the heart
’
s heat em

resented wi th reference to the changes of form whio
seen in an exposed working heart. Events in the
vertical columnoccur simultaneonaly ; onthe same h01
tal l ine, from left to right, eueeeesively.
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Functi on of the Anr ielee. The ventricles have to do
the work of pumping the blood through the blood-veseels.
Accordingly their walls are far thicker and more muecnlar
thanthose of the anricles; and the left ventricle, which has
to force the blood over the Body general ly, is stonter than
the right, wh ich has only to send blood around the ecm

paratively short pnlmonary eirenit. The circnlationof the

blood is in fact maintained by the ventriele11‚ and we

have to inqnire what is the use of the aurieles. Not 1111
frequently the heart’s action is described as if the anrielee

first filled with blood and then contracted nnd filled the

ventricles; and then the latter contracted and drove the
blood into the arteries. From the account given above,
however, it will be seenthat the events are not neeurately
se mpre9ented, but that during all the pause blood flows

on thmngh the anricles into the ventrielee, which letter
are already nearly ful l whenthe anrieles contract ; this een
tractionmere completing their filling and finishing the

closure of the anrienlo-vent1i en1ar valves. The real use of
the anrielee is to aflord reservoir into which the veins may
empty whi le the eomparatively long-lasting ventricnlar

contraction is taking place : they also large control the
amount of work done by the heart.
If the heart consisted of the ventricles only, with valvee

at the points ef entry and exitof the blood, the circnlation
oould he maintained. During diastole the ventricle would
fill from the veins, and during systole empty into the ar

teries. But inorder to aceomplish this, during the systole
the valvesat the point of entry must be eloeed‚ or the ven

triele would empty i tself into the m ins as wel l as into the
arteries; and this closure would neceesitate 11 great loss of
t ime which m ight be uti li zed for feeding the pump.

This is avoided by the anricles, which are really rese t .

m im at the end of the venous system eolleeting blood
when the ventricular pump is at work. When the ven

tricles relax , the blood ente ring the anriclee flows 011

into them : but previously , during the of the cardiae
cycle occupied by the ventricnlar systole, the aurielee

have accnmnlated blood , and when thev at last con
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m illimeters (8 inches) high. The left ventricle therefore
drives ont, seventy times in minute , 180 grams
ounces) of blood against this pressure. Since the specific

grav i ty of mercury is and that of blood may for pwe»

tieel purposes be taken118 1 , the work of each stroke of the
ventricle is equivalent to w ising 180grame ounees)
of blood 200x 2500millim. feet) ; 01

°
one

gram 450 metere (one ounce feet); or one kilo
gram meters (one lb. feet). Work ismeasured
by the amount of energy needed to raise a definite weight
given distance against gmvity at the earth

’
s surface, the

nit, cal led kilogmmmeier, being ei ther that necessary to
mise one kilogram one meter, or, called af00t—pound, that
necessary to raise one ponnd one foot. Expre1med thus the
work of the left ventricle inone minute , when the heart’a
rate 18 m enty strokee in that time, is x 70

kilogrammetere 70 foot ponnds) : in one

hour it is x 60 1890kilogremmeters 60
foot pounds) ; and intwenty—fonr hours 1890 x 24

kilogmmmeters The pres
sure inthe pulmonary erteryagainstwhich the right ventricle
works is about of that in the aorte; henee thi° ventricle
intwentydonr hourswil l do one third as much work as the
lei t, er kilogremmeters foot pounds) and
adding this to the amount done by the left, we get as the
tota l work of the ventricles ina day the immense amount
01 kilogrammeters If a man

weigh ing 75 kflograma (165 lbs. ) climbed up 11 mountain
806 metera (2644 feet) high his skeletal muscles would
pmhebly he greatly iatignedat the endof the ascent, and
yet in lift ing his Body that height they would enly hatte
performed the amount of work that the ventricles 01 the
heart do dai ly without fatigue.

leaves the heart interm i ttently andnot ina regular stream,

quanti ty being forced out at each systole of the ventri
eles : before it reaehes the capillaries, however, this rhythmic
movement is transformed into 11 steady flow 8 8 may readily
be seen by examining under the m icroseope thin trem



w ent parts of various animals, 8 8 the web of a frog’
e foot.

11 mouse’
e eur, or the tei l et a small fish. In eonseq1 mnee

of the ste1ufineee wi th wh1eh the eapillariee supply thew in
the flow inthese is also unefleeted, directly, by each heat of
the heart ; if a vein be out the blood wells ent uniformly,
while a ent artery Sparte ont not only wi th much more
force, but injete which are much more powerful at regu
lar intervale corresponding wi th the systoles of the ven

TheOireuletionot theBh od aeßeeninthe Frog’
eWeb .

There 18 no more fascinating or instructive phenon1enen
thenthe eirenlntion of the blood as seenwith the miere
wope inthe th1nmembrane between the toee of 11 £reg

'
s

him! limh. Upon focusing bent the epidennis 11 net

work of minute arteries, veine andcapillaries, wi th the blood
flow1ng through them, eomee into view (Fig. The

arterie8 , or, are reed recognized by the faet that the flow in
them is taeteet nnd irom larger to smaller hrenehes. The

letter are seen ending ineep1llnriee, which form networks,
tl1e channels of which are allnearly eqnal insi ze. Wh ile
111 the veina arising from the capillary the flow is from
smaller to larger trunke, and slower than in the arteriea

but fester thaninthe capil laries.
The reasonof the slower flow of the capillaries is that

thenunited area 18 eoneidemhly greater than that of the
artenes supplying them, so that the same quantity of blood
flowing through them ina giventime, has 11 wider channel
to flow 1nand movea more elowly. The area of the veins
18 smaller than that of the eapillarie11 but greater thanthat of the arteries, andhenee the rate of movement inthem
18 8180 1ntermediete Almost always when an arter

_

v

dividee, the area of its hmnchee 18 greater than that of the
maintrunk , and 80 the aflerinl current becomes slower and

slower from the heart onwards. Inthe veine onthe other
hnnd, the area of trank formed by the union of two or

more branches i8 1888 than that of the hrenehee together.
and the flow becomes quicker and quicker towards the

heart. But even at the heart the uni ted enm see1iona

(If the veins entering the anrieles is greater then that 011
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the arteries leaving the ventricles, so that, since as much
blood returns to the heart ina giventime 88 leaves it, the
rate of the current in the pulmonary veins and the venna
cavw is 1888 thnn in the pulmonary artery and aorta. We

may represent the vascular system as a doubleeone, widening
from the ventricles to the capil laries and nm ewing from
the letter to the anrieles. Just 118 water foreed in at a

narrow end of this would flow quickest there and slowest
at thewidest part, 80 the blood Howe quickest in the north
end slom t inthe capilleriee, which form together much
wider channel .
The Ax iel Ourrent and the Inert Ley er . If a smal l

artery inthe frog’
eweb he closely examined it will be seen

that the rate of flow isnot the same in 8 1] parts of it. In
the centre is 11 very rapid current carrying along all the red

eorpnscles and known118 the axial strm e , while near the
wall of the vessel theflow ismuch slower, as indicated by the
rate at which the pale blood corpuscles are carried along in
it. This isnpure physical phenomenon. If any l iquid he
foreindriven through a fiue tube which it wets, water
for instance through 8 glass tube, the outermost layer of the
liquid will remainmotionless in contact with the tube
the next layer of melecnles will move inster , the next
fester still ; und 80 onunti l a very rapid current is found
in the centre. If solid bodiee, 88 powdered seel ing-wax,
he suspended in the water, these will 1111 he carried en

inthe central fester current or axia l s!ruzm, just as the

redmrpnsclee are inthe artery. The white eorpnseles, 011

account of their power of executing independent amcehoid

movements and their consequent irregular form , get ftc

quently pushed ont of the axial current, so that many of
them are found inthe inert layer.

Internal Frietion.
It follows from the ahove-stated

facts that there is 110noticeable frietienbetween the blood
and the lining of the vessel through which it flowe : since
the o11termoot blood layer in contact with the wall of the
vessel is almost motionless. But there is very great frie
tienbetween the different concentric layers of the l iqu id ,
since each of them iamoving at a different rate from thoee
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0 on which
prov ided wi

wh ich may he
01

° narrowed by
at will. If the

left at rest the water Wi ll lie at the same leve
vesssel. If now we work the pump, at each etmke 8 ee1‘»
tain amount of water wi ll be conveyed from A to 8 , and

8 8 8 resul t of the lowering of the level of l iquid inA and

its rise inB , there will be immediately 8 return flow from
B to A through the tube 6. A , inthese eircumstanm ,

would represent the venous system, from which the heart
constantly takes blood to pump it into B , representing the
u terinl system ; undb would represent the capil lary vessels
through which the returnflow takes place : but, so far, we
should have 8 8 intermi ttent a flow through the capillariee,
b, 88 through the heart -pump , a. New imagine 6 to be
narrowed at one point 80 88 to oppose resistance to the
back-flow, while thepump goesonworking steadi ly. The re.

snlt Wi ll be anaccmnulationof water inB
, and 8 fal l of its

level inA . But the more the diflerence of level inthe two
v8 88 8 18 increases, the greater is the force tending to drive
water hack through 6 to A, andmore will flow hack, under



“ USE 0F 8TEADY 0APILLARY BLOOD«FLOW. 23 1

the greater difference of pressure, in8 giventime, until at
last , when the water inB has reeched 8 certainlevel , d

'

and that inA h8 8 correspondine fallento d' , the current
through 6 will carry back inoneminute just somuch water
8 8 the pump sende the other way , and this heek flow will
be nearly constant ; it will not depend directly upon the
strokes of the pump but uponthe head of water aeenmn
lated inB ; which head of water Wi ll , it is true, be sl ightly
increased at each stroke of the pump. but the increase wi ll
be very smal l compared wi th the whole driving force ; and
ite inflnenee will be inappreciable. We thus gainthe idea
thet an incomplete impediment to the flow from the 8 1

teries to the veine(from B to A inthe diagram)‚ euch 8 8 is
aflorded by internal frietien inthe cap1llaries, may bring
about conditions which will lead to 8 steady flow through
the letter vm els.

But in the arterial system there canbe no aeeumnlation
of blood at 8 higher level thanthat inthe veins, euch 8 8 is
11a in the above 8 pp8 r8 tns: andwe mnst next con
aider if the head of water” canbe replaced by some other
form of driving force. It is infact replaced by the elw
ticity of the large arteries. Snppow nn elastic bag in

stead of the vessel B connected with the pump , “
a.

”
II

there be no resistance to the hack-flow the current through
6 will be diseontinnons. But if resistance be interpened,

thenthe elast ic bag will become distended, since the pump
sende in 8 given time more l iquid into it thanit passee
back through 5. But the more it becomes distended the
more will the bag squeeze the l iquid inside and the fester
wi ll 1t eendthat back to A, unti l at last its sqneeze iseopow
ertal that in8 m inute or any other uni t of time it sende
hack into A as much 8 8 it receives. Thenceforth the

heek-flow through b Wi ll be practically constant, being im
mediately dependent uponthe elastic reactionof the hag
and only indirectly upon the action of the pump which
keeps it distended. Such 8 state of things repmeents very
8108e the phenomena oecnrring in the blood-vessels.

The highly 818 860 large arteries are kept stretched with
blood by the heart ; and the reactionof their elastic WBIIB,
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steadily eqneezing onthe blood in them, foreee it continu
onely through the small mteries and capillaries. The

steady flow inthe latter depends thus on two factors: first

the elu tieity of the large arteries; and secondly the re

sistance to their emptying, dependent uponinternal frietion
in the smal l arter ies and the capillariee‚wh ich calls into
play the elastici ty of the large vessels. Were the capi l lary
resistance 01° the arterial elasticity absent the bleod-flow in

the capillaries would be rhythmic.
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that its elu tie walls are 8hghtIy stretched. These wi ll in
eonm uenee press upon the l iquid inside them and the

m ount of this prm ure W i ll be indieeted by the geagea
so long 8 8 the pump 18 at 18 81: itwi ll be the same everywhere
(and therefore eqnel in the ganges 011 B and A) , since
l iquid in 8 set of hori zontal tnbee communicating freely ,
88 these de at D, always distributes iwelf 80 that the
pressure uponit is everywhere the same. Let the pump
1: new contract once, and thend ilate : during the contrae
tionit will empty itself into B and during the dilatation ti l l
itself from A. C meeqnently the pressure inB , indicated
by the gauge 2 , will rise and that inA wil l fall. But very
rapidly the liquid Will redistribute i tself from 8 to A

through D, until it againex iste everywhere under the same

Fre . 87.—Dlngnm ofWeher
'

s Scha ue.

pressure. Every time t he pump works there will occur 8

sim ilar series of phenomena, and there wi ll be 8 distuflmnee
of equil ibrium causing 8 wave to flow round the tubing ;
but there wi ll be no steady maintenance of 8 pressure on

the side B greater than that in A . New let the upper
tube D he closed 80 that the liquid to get from B toA must
flow through thenarrow lower tnhesD , which Opp088 con

8 1d8 1°8b18 resistance to its passage on account of their fre
quent branchings and the great internal friction in them ;
thenit the pump works frequently enough there will be
produced andmaintained inB 8 pressure consideranhigher
thanthat inA , which may evenbecome negative. If, for
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exan1ple, the pump works 60times 8 minute and at each
atmke takes 180cnhic centimetersof l iquid (6 ounces) from
A and drives it into B , the quantity sent inat the first

etroke wi ll not (on aeeount of the reaistanee to its flow

ofleredby the smal l branched tnbee), have 811 get back into
A before the next stroke takes place, sending 180more
euhie

'

eentimetera (6 oz. ) into B . Coneeqnently at each
81.1‘0k8 B will become more andmore distended andA more
nnd more emptied, and the gauge 11: will indwa te 8 much
higher pressure than that 011 A . A8 B is more stretched ,
however, it eqneezes harder upon its contents, unti l at last
8 time comeswhenthis eqneeze is powerfu l enongh to force
through the small tubee just 180enbie eentimetera(6 oz. ) in
8 88808 11. Then further wcnmnlatim inB 888 88 8 . The

pump sende int»it eubic eentimeters (360ounces)
in8 minute at one end and it squeezes ont exactly that
amount inthe mme time from its other end; and so long
8 8 the pump works steadily the preeenre inB will not rise,
nor that inA fall , any more. Butunder euch eireumshanees
the flow through the small tubee will be nearly mnatant
since it depende uponthe diflerenm inpressure prem iling
between B and A , and only indirectly upon the pump
which serves simply to keep the pressure high inB and

low inA. At each etroke of the pump it is true there Will
be 8 slight increase of premure inB due to the fresh 180
cub. cent. (6 oz.) forced into it, but this increase will be
buta small fractionof the total pressure 8 11d80have hat 8 11
inmgnifieant influence upon the rate of flow through the
smal l connecting tubes.
Arteria Preem re. The eondition of things just de

scribed represents very closely the phenomena premnted in
the blood vascular system , inwhich the ventricles of the
heart , with their auriculo wentrieulw and semilunar V8 1ves.
represent the pump, the smal lest arteries and the eapil

larios the resistance at D, the large arteries the elastic
tube B , and the veins the tube A. The ventricles een
8tantly reeeiving blood through the auricleefrom the veine,
send it into the arteries, which find 8 difi enlty inemptying
themselves through the eapillnriee, and 80 blood eeea



m m nonz.

hü iu th n n til ib eh i e the W
Winninchle to nquem inc ninuh tluvugh the cnpü itn

int so au ch blood unthe leßventridc penp into tba

tina. Am dingly in e lit ing n innl w
connectedv ith an M M . mü higher pres nre

M m m nefld vüh c vein, md thia pcu i tent difle&
m of pm ‚ ouly ina u nd by nm nll frufiinnol the
t fl u oh hw t -M , keq v w : üo dy flw M flne

u pilh rien‚ und the eom tnocy of the orm ent in them de

pende ontvo fneton: (l ) the rm otauce expa ieneedhv the

biood inünflov from th ventriclec toüe vems, md (i )
tho ehntieiiy of the lsrger u teriea vhich allows the blood

to eecumnlnte in them under s high peea ure‚ in ocaso
qnmoe ot thia redztunee.

med v ith ewuraoy inman, hat from measurements made

ou other m imalnit is caleulated thet inthe humanaorta

ih l vomge ie eqmü to that of columnof mercnry 200

millimeterl (8 inchee) high. During the systole it risea
ebm1t 5millimetera inch ) above th isandduring the pause
fnlh the mme nmount helmr it. The preeeure inthe m

cmm 011 the other hand is oftennegative, the blood being ,
to une fi insry lengunge, often

“
sucked”

out of them into
the heart, and it m ely rises above 5mi ll imeters inch) oi
mercmry except under condi tions (such as powerful mna
et1la1' efiort aeeompenied hy holding the breath) which
force blood 011 into the venm cam and, by impeding the
pulmonary circuletion, interfere with the emptying of the
right 11111'i018 . Hence to maintain the flow from the aorta
to the ve1mcavuwe have 1111 average diflerenee of pressure
(»u to 200—5 195millime%re(7i inches) of mercury,
rieing to 305 6 200mm. (8 i 11chee) during the caxdiae
mtole end falliog to 195 5 190mm. (7} inches) dar»
ing the pause ; but the sl ight altemtione, only about ‚

1
, of

the whole difference of aortic 111111vena eava pressurenwhich
maintainthe blood flow, are too alight to cause appreoiahle
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cent. (480 instead of the former quanti ty. This Wi ll
lead to 8 11 accumulationinB , since its squem is only 811f
ticient, against the resistance oppoeed to it, to send out 10,
8008 1111. ech t. (360 in8 minute. B consequently wi ll
become more stretched and the pressure in it will rise. As

this takes p1118 8 , however, it will squeeze more powerfully
011 its eontente unti l at last its distension is such that its
elasticity is 8 1118 to force out in11 minute through the small
t11beeD,

8 11b. cent. (480 Thenceforth , so long
8 8 the pump beats with the 88 1118 force and at the same rate
111111 the peripheral resistance remaine the same, the mean

pressure inB will neither rise nor f1111—B sending into A
111 8 m inute 118 much 88 c takes from it, andwe would have
11 eteedy eonditio11 of things wi th 8 higher mean pressure
311 B thenbefore.

On the other hand ii the pump begins to work more
slowly whi le the resistance remains the same, it is clear that
themeanpressure inB w il l fal l . If, for example, the pump
works only forty times minute and so sende inthat time

180X 40 7200cub. cent. (240oz. ) into B , which is 88

stretched that it is squeezing ont cub. cent. (360
oz.) in that time, it is 010111‘ that B will gradual ly empty
it8elf and its walls become less stretched and the pressure
in it fall . A8 this takes place, however, it wi ll f8 18 8 1888
l iquid in 11 minute through the small tubes, unti l at last
pressure 18 reached at which the squeeze of B only 88 11118
out 7200 oont. (240 oz.) in a.minute; and then the
full of pressure wi ll 888 88 and 8 steady 0118 will be mai n
ta ined,

but lower thanbefore.

Applying the same reasoning to the vascular system we

88 8 that (whenthe peripheml resistanceremain unal tered),
if the heart

’

e force remains the same but its rate increases,
arterial pressure will rise to 11 new level , while 8 elowing of

the heert’e beat will bring about 8 full of pressure.

Changes in the Force of the Heart’
e Beet. Returning

agai n to Fig. 87; euppose that while the rate of the pump
remains the 88 1118 , its power al tem so that each time it
88 8 118 200 cent. oz. ) instead of 180(6 oz. ) and80 in
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8 minute 88 h. oent. (306 instead of (360
ex. )—the quantity which B is stretched enough to squeeze
out inthat time. Water will inconsequence 888 8 111111M8 111
B until it becomes stretehed enough to equeeze out

cent. (306 oz. ) in8 m inute, 8 1111 then8 stea1ly pressure
at 8 new 8 1111 higher level wi ll be maintained. Ou the

other hand ii the pump, sti ll heatiug sixty times 8 minute ,
works more feehly so 88 to 88 1111 out only 160 eent.

at each etroke‚ then B , squeezing out at first more

than it receives in 8 given time, will gmdually einpty
i tself unti l it only presses hard enough upon its contents
to force 160x 60 9600 cent. (336 oz.) out in 8

m inute.

S imilarly, if whi le the resistance in the 818 8 11 arteriee

111111 88 p1118 1°i88 rema the 88 1118 8 11 11 8180 the heart’s rate,
the power of the etroke of the letter al tem, 80 that at each
be8 t it sende more blood out than previously‚ thenarterial
pressure will rise; while if the heart he8 te more feebly it
will (811.
Modifieetione of Arter ia.l Pressure by Changes in the

Peripherel ßesietenoe. Let the pump c in Fig. 87still
work 8t88 11i sending 8 1111. cent. (360ex. ) per min
ute into B and the resistance increase, it is clear 11118 1 18 1

[1 18 88 11 18 must rise. For B is only stretched enough to
S11118020 out in8 minute the above quanti ty of liquid against
the original resistance 8 1111 cannot at first send out thet
quanti ty against the greater. Liquid will consequently 8 8
cumulate in it until at last it becomes stretched enough to
send out 8 11hi8 oz. ) in 8 minute
through the 818 8 11 tubee, inspite of the greater resistance
to be overmme. A newmean pressure at 8 h igher level
will thenbe establ ished . II onthe wutmry the resistance
diminishes while the pump’s work remains the same, then
B wi ll at first squeeze out in8 minute more thanit 188 811 88 .
unti l finally its el8stie pressure is reduced to the point at
which its receipts 8 1111 1088 8 3 balance, 8 1111 8 new 8 1111 lower
meanpressure wi ll be establ ished 111 B .

80 111 the V8 88 1118 1 system i1wre11s11 of the peripheral re«

sistence by m ov ing of the 8 1111111 8 1 18 1 18 1! will 18 8 188 88 8 8
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18 1 181 p18 888 1
'

8 in811 parte 1188 1 8 1' the heart, whiledilatatwn
of the 88 1811 Wi ll have the em1tm ry efiect.

h mmm . We find then that arterial [118 881118 at a11y
moment isdependent upon—(l ) the rate of the heart

’
a beat ;

(2) the quanti ty of blood foroed into the arteries at each
heat; (3) the 88 11b1‘8 of the smal ler "888818. All of these,
8 1111 consequeutly the capillny circulationwhich depende
upon arterial pressure, 1118 under the control of thenervous
system (88 8 Chap. XVIL).
The Pulse. When the left ventricle contracte it f11mee

8 certainamount of blood into the aorta, which is already
distended 111111 011 account of the res istance infront cannot
empty i tself 80 fast 88 the wutracting ventricle 6118 it. A8

8 ma uence its elastic walls yield still more - it enlarges
both tmmveme1y 8 1111 longi tudinally and if exposed in 8

l iv ing animal 88 11 he 888 11 8 1111 1811 to pulsate, swelling out
at each systole of the heart, 8 1111 shrinking 8 1111 getting 1111
of the OXOGSB during the pause. A similar phenomenon
88 11 he ohmrved in811 the other large arteries, for just as
the contracting ventriele fi118 the no1't8 fester thanit emp
1188 (the whole period of the diastole of the heart being
requined for emptying the aorta of the blood sent in
during the systo le) 80 the increased tension in the aorta
immediately after the 88 1 1118 8 contraction, drives 011 801118
of i ts contents into its branches, 8 1111 6118 these faster than
they 81 8 emptying 8 1111 8 0 8 8 8 88 8 8 di latationof them 8 180,
which only gradually disappears 88 the aortic tensionfalle
before thenext systole. Hence after each beat of the heart
there i8 8 88 1181b18 dilatationof 8 11 the larger arteries, known
88 thepulse, which becomes 18 88 111111 18 88 marked at points
onthe smal ler branches farther from thehea t , but wh ich in
health 8 8 11 readi he recognized 011 8 11y artery large enough
to be fel t by the finger through the sk in, etc. The radial
nrterynear the wrist, for example, W111 8 Iwaye he fel t tense
by the finger, since it is kcpt overfilled by the heart inthe
way already 118881 1118 11. But after each heart. beat it be
comes more rigid 111111 dilates 8 l i ttle, the increased disten
sion 8 1111 rigidity gradual ly disappearing 8 8 the ertery

118 8888 8 11 the excess of blood before the next hw t-beet.
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would be felt immediately after each etroke of the pump,
al though the liq1l id pumped 111 at the other endwould have
remained about its po int of entry ; it would 8 8 1188 the pul

sationnot by flowi11g along the tube i tself. but hy giving 8
push to the l iquid already in it. 11 instead of absolute ly
closing the distal end of the tube 0118 brought about 8

state of things more nearly resemb ling that found in the

8 1 18 1188 by allowing it to empty itself against 8 resistance.

say through 8 narrow opening, the phenomena 0bßet%d
would not be essentially al tered ; the 1118 188 88 ef pressure
would travel along the distended tube far faster than the
l iquid init.
The p11188 being dependent ou the heart

’
s systole, feel

ing the pulee
” of course primari gives 8 convenient means

of counting the rate of heat of that organ. To the 8k1118d
touch however it may tell 8 great deal more, 8 8 for example
whether it is 8 readi compressible 01 “

soft p8 188
”
show

ing 8 low arterial pressure, 01° tenee 8 1111 1
°igi11 hard

indimtive of high arterial p1‘888 1188 , 8 8 11 80011. In

adul ts the normal p11188 rate may vary from sixty-five to

mventy
-five. In the 88 1118 individual it 18 meter when

standing than when ei tting, 8 8 11 when si tting thanwhen
lying down. Any exercise 1118 188 888 its rate temporari
8 1111 80 11088 exci tement ; 8 sick person

’
s p11188 8h011111 1101

therefore be felt when he 18 118 1170118 or excited (8 8 the
physicianknows whenhe tries first to get h is patient 08 1111
1111 11 confident) , 8 8 it is then difiicnlt to draw correct
80118 111810118 from it. Inchildrenthe p11188 18 quicker than
inMalta, 8 1111 in0111 age slower th1111 inm iddle l ife.

The Rate of the Bh od—Flow . A8 the V8 801111\1‘ system
becomes more 88 p8 8 10118 from the aorta to the capillarim
the rate of flow in it becomes proportionately slower‚ 8 1111

8 8 the total 8 188 of the channels d im inishes again from the

capillaries to the V8 1118 cavm, 80does the rate of flowquicken
again , just 88 8 river current slacker1s where it 8p188 118 out,
8 1111 Howe fester where it 18 8011611811 to 8 118 1 1011 8 1

‘ channel ;
8 fact takenadvantage of inthe constructionofE8 118 ’jetties
at the month of the Mississippi , the object of Which is to
18 8 118 the water flow in 8 narrower channel 8 1111 80 with 8



more rapid current. Aetual measurements 88 to the rate
of flow in the arteries cannot be 1118 118 011 1118 11, hat from
experiments 011 lower 8 1111118 18 it 18 calculated tlmt in the
humancmotid the blood flows about 400millimetem (16
i11ches) in8 88801111. Inthe capillaries the current t1 8 1 8 18
only from to mm. to inch) 111 8 second.

The total time takenby 8 portionof blood 111 getting from
the 801 18 through the carotid 8 11 11 its b1 8 8 8h88 , 8 1111 the

capillaries‚ 8 1111 then through veins to the right 8 111 1818 ,
that is 111 going round the system ic 0111 311185011, 18 about
23 m onds—ef which time about 0118 88 801111 18 spent in
the capillaries; 88 8h portion of blood on its course from
the last artery to the first 118 111 paseea through 8 length
of capil lary which on the average 18 mm . (üiDCh ).
The rate of flow 111 the great V61B 8 is about 100mm . (4
inches) 111 8 88 8011d, hat 18 subject to 8011811181 8b18 1 8 118

tions dependent on the respiratory 8 1111 other 1110118 1118 1118

of the Body (888 below).
8 8 801168 17 08 11118 8 of the Oir1mlation. While the heart’s
beat 18 the great driving force of the cirmflation, certain
other things help 11101 8 01 18 88—1712 . gravi ty, eompreesion01

the Y6 108 , 8 1111 aspirationof the them All of them 8 1 8 ,

however , quite subsidiary ; experiment on the 118 811 Body
shows that the injectionof whipped blood into the 801 18

8 8 118 1 8 1888 force than that exerted by the left ventricle
during 1118 , 18 more than 8115018111. to drive it round 8 1111

118 8 11 by the 1 81181 cavze. Not unfrequently the statement
18 made in books that, probably , the systemic 8 8 p

'

1118 1'18 8

have 8 11 attractive f018 8 for arterial 11111011 8 1111 the pulmonary
88 11111111 18 8 101 venene blood , but there is not the slightest
evidence of the correctness of euch 8 suppoä tion, 11111 any
neeeesity for mak ing it.
The 111118 8 8 8 8 01 G ravi ty . Under ordinary 8 11 8 11 111 .

8t8 11888 th is 1118 ) he neglected , 811188 111 parts of the Body
below the level 01 the heart it w ill assist the flow in the
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1 818 86 80 8 8 to 18 8118 the haek-flow in its 1781118 88 818 1 ; 8 8 11
sometimes when the heart 18 acting feet it may be able
to dr ive blood along arteries inwh ich grav ity helps, but not
otherwise. Accord ingly 111 8 tendency to fainting it is b est
to 118 down, 8 1111 make it 8 8 8181 101 the heart to 88 1111 blood
up to the brain, b1001118 88 11888 01 which is the 88 1188 of the

1088 of 808 88108 88 888 111 8 fainting-fit. In fact so long 88

the hfeathing continues the aspiration of the thorax w ill
keep up the veneue flow (see below), whi le, in the 811 8 11111
stances suppose11, 8 sl ight 1111111111111011 in the resistance op
posed to the arterio.l flowmay be of importance. The head
of 8 personwho has faintcd should accordine never be
18 18811 unti l he 118 8 undoubtedly 18 8M 8 1811, 8 fact 18 1 8131
hom e 111 11111111 hy spectatorswho commonly rush at once to
l1tt any 0118 whom they 88 8 1811 inthe street 01 8 lsewhere.

The Influence of Transient Oom preesion of the Veins.

The valves of the veins being 80 disposed 8 8 to perm i t only
8 flow towards the h88 1t, whenexternal p1 8881118 empties 8

it assists the 01r011111t1011 . (10116 11110118 111 888 11 18 , 88 by
8 t ight gu ter, 18 of course had 811188 it checke 811 subsc

quent flow through the vessel , but interm i ttent pressure,
euch 8 8 exerted 011 many V8 1118 hy 1111188 18 8 in the 01111

nary movements of the Body, 88 18 8 8 8 pump to 101 8 8 on
the blood 111 them.

The valves 01 the V81118 have another 1188 111 dim inishing
the 1118 88 111 8 on the lower pu t of those 118 888 18 in many
regions. If, 101 111818 1188 , there were no valves inthe long
811ph8 11011 8 vein(p. 214) of the leg the we1ght 01 the whole
columnof blood in it, which inthe erect posi tionwould hc
about 8 18 8 18 1 (39 1118h88 ) high , would press 011 the lower
part of the vessel . But each set of m lves init 8 8 11 188 the

weight of the columnof blood betweenit 8 1111 the next set
of valves above, 8 1111 rel ieves parts below , and 80 the weight
of the columnof blood 18 distributed 8 1111 11088 not 811 hear
onany 0118 point.
Aspirati onof the Thorax . Whenever 8 breath 18 (11 8 8 111

the p1888 111 8 of the 8 11 onthe vessels inside the chest 18 111
minished, while that onthe other 7688618 of the Body 18 1111
8 118 818 11. 111 consequence blood tendsto flowinto the cheet.
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1616, demonstrated that the movement of the blood was a
w utinnons circuletionas we now know it, and so leid the
foundationof modernPhysiology. In hie t ime, however,
the cep illary wesels had not been discovered , so that nl
though he was qui te certain that the blood got somehow
from the final branches of the aorta to the radicles of the
\ enons system, he didnot exactly know how.

The proofs of the course of the cincnlationare at present
qui te conclusive andmay be summed up as follows. (1 )
Blood injected into anartery in the dead Body will r eturn

by a vein; hnt injected into veinwill not pass hack by an
artery. (2) The anatomical armngement of the valves of
the heart and of the veins shows that the blood canonh

flowfrom the heart, through the arteries and back to the
heart by the veins. (3) A ent artery spnrta from the end

next the heart, ent vein bleeds most from the end

farthest from the heart. (4) A portion of a vein when
emptied fills only from the end farthest from the heart.
This experiment can be made ou the veins on the back
of the hand of any thinperson, especially if the vessels
be first gorged hy holding the hand in dependent posi
tion for a few seconds. Select then a vein which rnns

for an inch or so without branching, place one finger ou

its distal end and then empty it up to its next branch
(where valves usually exist) by compressing it from below
up. The vessel W il l then be found to remain empty as
long as the finger is kept ou its lower end, hnt will fill

immediately when it is removed ; which provee that the
valves prevent any filling of the vein from its heart end

backwarde. (5) If a bandage be plaeed around the mm
80 asto cloee the superficial veins but not fight enough to
oeclnde the deeper—seated arteries, the veins ou the d istal
side of the handage w i l l become gorged and those on its

proximal side empty, showing again that the veins only
receive blood from their ende turned towards the capil la
ries. (0) Inthe lower animals direct cheenationwi th the
microscope shows the steady flow of blood from the arte

r ies through the capillnriee to the veins, but never inthe
opposi te direction.



CHAPTER XV I I .

m REGULATION OF THE HEART AND BLOOD
VESSELS BY THE NERVOUS SYSTEM .

The Need of Oc-ordtnation. For the safe and ham a»

nione working of the circnlntory appumtns it is ohfi om ly
necessary that there be some mode of mntnal interaction
betweenthe heart and the blood-veesels: ii the heart beat
and the arteries relaxed 01

° co‘

ntracted , each without any
reference to the other, no orderly capfllary flow could be
maintained. To eecnre that, the work done by the heart and
the resistance to the blood-flowoflered inthe vessels must
at any givenmoment be correlated ; so that the heart shall
not hy too powerful actionover-distend or perhaps hnrst
the small arteries, nor the letter contract too much and 80.
by incrm ing the periphere] resistance. mise thenortic pres
sure to a great height end increase unduly the work to be
done by the left ventricle in forci ng open the semilunar
valves. Again , the total amount of blood in the Body is
not enfi cient to keep all its organe suppl ied wi th the
amount needfnl for the ful l exercise of their activi ty at
one time, and in the Body accordine we never find all

its parts hard at work at the samemoment If whenone
group of muscles was set at work and needed an extr a
hlood-supply, th is was attained n1erely by increasing the
henrt

’

s activ ity and keeping up a fester hlood-flow every
where through the Body, there would be a clear waste of

force , much as if the chemieliers in a henee were so ar

ranged that whena larger fiarne was wanted at one bnrner

it could only be obtained by turning more gas onat all the

rest at the same time; besides the big tap at the gw meter

regulating the general supply of the henee, local mp8 at
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each hnrner are required which regnlate the gae
-supply to

each flame independently of the rest. A similar arrange
ment is fonnd in the Body. Certa innenes control the
calihre of the arteries supplying diflerent organs and, when
the letter are eet at work , al low their arteries to dilate and

so increase the amount of blood flowing through them
while the general c irculation elsewhere remains practically
nnnflected. The testing parte at any moment thus get
just enough blood to maintaintheir heal thy nutri tionand
the work ing parte get more; andas certainorgene come to
rest and others are set in activi ty, the arteries of the one
nanow and of the other di]ate in this way the distri
bution of the blood in the Body is undergoing constant
changes, parte which at one time containmuch blood at

another having hnt li ttle. In addi tion, then, to nervone
organs regulating the work of the heart and the arterie5
wi th reference to one another, we have to consider another
act of vwcnlar nervee which governthe local hlood—supply
of M eront regions of the Body.

The Nervenof the Heart. The heart gets nerves from
three sources. (1) From newe—oelle buried initsownenh

etanee and known as its intrinsic ganglia. (2) From the

te: 1th pair (pnenmogastrics) of cranial nervee (8) From
the sympathetic nervons system. The intrinsic gangl ia
keep the heart beating, and the other two sets of nerves
control the rate and force of the heat.
The IntrinaioHeart-Nerves. The gangh

'

a of the heart
lie for the most part inthe parti tion betweenthe anricles
andalong the l ine of junctionof the anriclesandventricles
a feware found also inthe upper parte of the latter. From
some of them mi se nerve-fihres which go to the muscles of
the heart , while others are connected wi th the endings of
the extrinsic nervee teaching the organ ; and probat all

communicate by a network of nervc-fibres.
The heart is an automatic organ its heat, like the

movement of film ente of cil iated cell, depends on its

ownstructure and properties and not onanything outside
i tself. This is pmved h

_

v the fact that the heart cut ont of
ananimal which has just beendecap i tated, andentir e te
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primary cause of the heart’s bea t lying thna 1ni tself, we have
next to see how this heat IS cont from outside undco
ordinated with the conditionof the rest of the Body at any
givenmoment.
Nerves Slowi ng the Heert’e Beat. Each pnen1nogzu

tric trank sende several branches to the heart. Certainof
these containfibree which when exci ted slow, 01° evenal te
gether stop, the best of the heart and are henee known as
the eardioc t

'

nht
'

bitory filme.

If one pnenmognetric trunk he divided as it nme down
t he neck and its periphere], or lower, end he stimulated
feet the heart’s heat becomes less frequent, while more
powern stimulation wi ll completely stop it for a few

seconds, as if itsmnaeles were suddenly paralyzed . If the

experiment be performed upon anarcotized animal, the heart
of which is at the same time expomd hy opening the cheat,
it will beseenthetdnring the stoppege the heart l iesflabby
ahd relaxed in diastole ; the excitationof the nerve does
not stop the heart’s heat, as m ight perhaps he snppocmd, by
keeping it ina. state of permanent tetanic contraction, but
it annnls its eontractions and throwe it into a state of rest
the nerve-fibres concerned are not excitent but inh ibi tory,
etopping instead of call ing forth the activity of the part on
wh ich they act. Whether their influence is exerted di
rectly on the mneenlar fihres of the heart or upon it 1 ino

trinsio gnnglin, abol ishing their automatic activi ty and so

cutt ing ofl the stimuli Which normally radiate from them
to the mnmles, isnot certa inly known , but the latter v iew
is probably the correct one. In any case the full inhihi
tory power usually lasts only a short time ; even if the
lmenmognetric st imulation he eontinned the heart wi ll o.]
most always after a few seconds recover from its influence

and emnmenee to heat again.

These eardio- inh ibitory fihres ong inate ina collectionof
nerve—oelh inthe mednllnoblongata known as the eard1

'

o

inhibz
'

tory centre. This centre is automatic and always in
etate of sl ight exci tation, feehly stimulating the fihres

pmceeding from it and sl ightly slow ing the heart’e heat.
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This isshownby the fact that if both pnenmcgnetrienerves
he out inthe neok the heart at once hegine to heat a l ittle
ineter thanbefore; the hrake, se to speak , has been taken
0fl it.

the Heart. If the heart he entim etopped arterial pres
sure wi ll of course fall very rapidly, since the d istended
arterial system wil l go onemptying i tself through the capil
larios into the veine, wi thout rece iving any fresh supply at
its cardiac end. Se too if the heartbemade to beat slower,
but with the same force ineach stroke, it follows from the

facts pointed ont in the lest chapter (p. 238) that arterial
pressure will fal l to a new and lower level, at which the
elastic arteries are only stretched enough to squeeze ont in
nminute as much as they receive. As a matter of fact,
when the heart is made to beat slower by Week pnenmo
gnatric stimulationeach heat isusually little more power
ful thanbefore. However, th is extra force isnot snfficient
to compensate entir e for the elower rate and so the gen

eral arterial pressure fal ls.

the eardio—inhibi tory centre is automatic and always ina
state of sl ight activi ty it is also greatly under the control of
aflerentnerve—fibres reaching it andwhich canm nse it to a
much greater degree, and 80reflencontrol the hem t'e heat.
If a frog he rendered insensible and its abdominal cavi ty
opened , it will be found that one or two smart tape onthe
inteetine wil l cause the heart to stop indiastole. If, how

ever, the pneumogastr ic nerves, or the spinal card, or the
anterior roote of the spinal nervee, or the communicating
bmnches betweenthe sympathetic neu es of the abdomen
and the spinal nerves, be ent prev iously, thenstrik ing the ih
testine has no influence upon the heart ; nor has it if the
cardio—inhibitory centre in the meda oblongata he pre
vionely destroyed . We thusget evidence that the mechani
cal stimulationof the inteatinel nervee steps the heart te
flen through the pnenmcgaetriea, the afierent impnlsee

travel ing from the sympathetic into the spinal neu es and
paeeing then up the epinal eord to the eardio- inhibi tory
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centre, where they are refiected 118 efierent impnlwe down
the pnenmogaetric trunks to the heart. In menand other
mammals sim i lararrangements ex ist, the aflerent fihres pass
ing from thealimentnry canal through the solar plexns
which l ies behind the stmmwh. It is by em iting them and

80reflefly stopping thehea rt, that menare sometimes k illed
by eevere blow onthe abdomenor evenoecasionally by a

large draught of very cold water, the suddencold aeting as

thermal stimnlne‚ through the wal ls of the stomach , onthe
nerve-fihres outside. A hot and very thimty personrequir

ing a big drink should therefore not take too cold watex
or if he does, swal low it only a monthn at a time.

The hlood-vessels of the alimentary cannl are very numer

onsandwpaeioneandform one of the largestm cnlar trac ts
of the whole Body, and through the reflexmechanism above
described we see how they may control the heart

’
e heat.

Probably ii the heart is henting too frequently andkeep
'

mg
up too high pressure in them , the sympathetic nerve
fihres in their coate are stimulated and then, reflexly ,
through the eardim inhibito ry centre slow the heart’e hea t
and lower the general arterial pressure ; and so we get one

co-ordinating mechanism by which the heart andhlood-vee

Bela are made to work inunison.

Some other afferent nerves are also known to be incom

nection wi th the eardio- inhibitory centre. For inetanoe,
some persons are made to fnint by e.strong emell, the olfao

tory nerves exci ting the cardio- inhibi tory centre and stop
ping or gmatly slowing the heart. Deethsfrom the admin
istrationof chloroform are also usually brought about inthe
same way, the vapor st imulating the eeneory nerves of the
air-paa nges which thenem ite powerfully the cardio—inhibi
tory centre and stop the heart.
The Accelerator Nerves of theHeart. These orig inatc

inthe spinal card, from which they pass hy eommunioeting
branches to the lowest cervical and upper dorsal sym

pathetic gangl ia and them e to the heart . Whenstimu
leted they cause the heart to heat quicker, hnt under what
conditions they are employed inthe physiological working
of the Body isnot known.
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keeping the arteriee more constricted thanthey would be
under the influence of their intrinsicnerves alone. Aeecrd

ingly if theynre ent, or paralyzed , inany regionof the Body
its arteriesdflete andit becomesfinshed w ith blood. These
of the external eur, for example, mminthe cervical sympw
thetic, from the lower part of the neck where they leave the
spinel card, unti l they reach the arterial branches for the
ear and run along the smaller twigs to it. If, therefore ,
the cervi cal sympathetic he divided on one side in an

anwfl hetized rabbit , the ear on that side becomes redund

warm from the dilatation of i ts arterie8 and the extra
amount of blood flowing through it. If, however, that end
of the ent nerve stil l attached to the car he excited electri
cally or otherwise, the eur arteries contract gradually until
their passage is almost closed up , and the whole organ he
comee cold and very pale. Although these vaeo—constrietcr
fihree are thus shown to pass through the cervical sympap
thetic, other experiments show that they really original:e
in a group of nerve—eel ls in the mednlla chlongata‚ and

from there rundown the spinal card to the lower part of
the noeh, where they pass ont inthe anterior roots of some
spinal nerves and reach the sympathetic system. The same

is trne of nearly all extrinsic vaeo—constrictor nerve-fihres
inthe Body. Some few pm_

sibly e riee from centres inthe
spinal cord , but the great majori ty come primari from
the mednlla oblongata , and the collection of nerve—eells
there from which they sp ri ng is known as the vaso—metm
centre; better name would be the vaeo-conetfi otor centre.

The Control of the Vaeo-Motor Centre. The vaeo

motor centre is automatic ; that is to say it maintains 8
certainamount of activi ty of its own , independently of any
stimul i reaehing it through afferent nerve—fibres. Never
theleee, l ike nearly all automatic neww entms, it is under
reflex control , so that its activity may be increased or lee

sened hy afierent impnbee conveyed to it. Nearly every sen
eory nerve of the Body is inconnectionwi th it; any stima
lne giving rise to pain, for example, excites it, and 80

constricting the arteries, increases the peripheral resist
ance to the hlood-flow and raiees arterial pressure. Ou
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the othee hand, certainfibree conveying impulses from the
hear t inhibi t the centre and dilate the arteries‚ lower
hloM—

pmaenro, and diminish the resistance to be overcome
by the heart. These fibree runinhreneheeof the pnenmo
gastrie, and are known as the deprem rflbre», 01

° incertain
animals, tor example the rabbi t, where they are all collected
into one branch, as the dep rcu or nerm If thisnerve be
di vided and its eardiae end stima no efleet is pro
duced, but if i ts central end (that sti ll connected
with the rest of the pnenmogaetrie trank and through it
with the mednlla oblongata) be stimulated , arterial preesnre
gradually falls; this neenlt being dependent upon a dileta
tionof the email arteriee, and consequent dim inuti on01
the periphere] reeistence, following an inhibi tion of the
vaeo-motor centre brought about by the depresscr nm e.

Through the depressor nerve the heart cantherefore infin
enee the cal ibre of the w all arteriee and , by lowering
aortic pressure, diminieh its ownwork ii need he.
Blush ing . The depressor nervee control a great part of

the vaeo-motor centre, and 80 can br i ng about di latation
of 8 large number of arteriee—their influence is called into
play whengeneral arterial pressure is to be lowered, bnt is
useless for controll ing local blood-supply. This is man
aged by other aflerent nervee, each of which inhib its a

small part only of the m 0«motor centre, governing the
arteries of 8 limi ted tract of the Body ; the dilatationof
these ineree.see the amount of blood flowing through the
partienler region to which they are d istributed , but does
not efleet the total resistance to the blood-flowmüeiently
to influence not iceably the general pressure inthe arterial
system . In blushing, for example, under the influence of
anemot ion, that part of the meo-motor centre which sup
plies eonstrietor nervee to the arteriee of the sk in of the
neck and face, ia inhibi ted hy nerve4ibme prooeeding from
the cerebrum to the modelle oblongata, and the face and
neck consequently become ful l of blood and flneh up.

Quite simi lar phenomena occur under other condi tions in
many parts of the Body, although whennot visible onthe
surface we do not usually ce l l them blushes. The mneona
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membmne lining the empty etomnch is pellid and its ar

teries eontraeted, but as soon as food entere the ergan

it becomes red and full of blood ; the food stimulating
aflerent nerve43bres there, which inhibi t that part of the
vaso-mote r centre which governs the gastric arteries.
Taking Cold. This common disease isnot unfrequent

ly caused through undue reflex excitmnent of the V8 80°

motor centre. Cold acting upon theskinetimnlatee, through
the aflerent newes, the regionof the vaso—motor centre gov
erning the sk inarteries‚ and the latter become eontraetetl,
8 8 shownby the pellor of the surface. This has 8 two—fohl
influence—ih the first place , more blood 18 throwninto in
ternal parts, and in the second , contraction of the 8 1%
ries over so much of the Body considerat naises the gen

eral blood-

pre&nre. Consequently the vessels of interna l
parte become overgorged 01° eongeeted,

”
a eonditionwhich

reedi p8 8888 into inflammation. Accordine prolonged
exposnre to cold or wet 18 apt to be followed by catarrh or
inflammationof more or less of the respiratory tract caus
ing bronchi tis, or of the intestines cansing dienhcea. In

fact the common summer diarrhma is far more oftendue
to 8 chill of the surface, cansing inteatinel catarrh , than to
the frnite eetenin that seasonwhich are 80 often blamed
for it. The best preventive is to wear, whenexposed to
gneat changes of temperature, 8 woolenor at least 8 eotton
garment over the trunk of the Body ; l inen is so good 8

wndnctor of heat that it permite any change inthe extee‘

nal temperature to net almost at once upon the surface of
the Body. After an unavoidable expoenre to cold 01° wet
the thing to be done isof course to maintainthe entw emm

circulation; for this purpose movement ehonldhe persisted
ia , or 8 thiek dry enter covering put on, until warm and
dry clothing 08 11 he obta ined .

Fonhealthy persone 8 temporary exposure to cold, 8 8 8

plunge in8 hath , is good, since inthem the 8uddenmntrae.

tionof the cutaneous 8 rteries soon pm 06 and is sne
eeeded by 8 dilatationeaneing 8 wenn heal thy glow onthe
m rfaee. If the bather remaintoo long incold water, how
ever, th is reaction pasees at! and is succeeded by 8 mare
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from the abdominal organe where it ought to be
8 t that time. Young persone, whose organs have 8 super
ahnndanee of energy exmi ng them to work under unfavor
able condi tions, are lese 8pt to außer in euch ways than
their eldere. One eeee boys running
eating, whenolder people feel 8 des ire te si t quiet and t u

minete—or evengo to sleep.



CHAPTER XV I I I .

THE SEOBE
'

I
‘
ORY TISSUES AND ORGANS.

Definition In a striet aenee of the terms every pro

cees in which substanees are separated from the blood,
whether they he altemd or unal tered , 18 “ secretory” and

every product of aueh asepm fionis 8 eeeretion;
”
inthis

sense eeeretions would be separable into three elaseee. (l )
Liqui ds or gaeee transuding ontree surfaces of the Body,
whether external or internal ; (2) the liquide (lymph)
moistening the various tissues of the Body directly, filling
the interstiees betweenthem andnot contained indefinite
limi ted eavitiee (3) 8 11 the solid tissues of the Body since,
after an early per iod of embryoni c life, they are buil t up
from materials derived from the blood. Secretione would
thus come to include 8 11 consti tuente of the Body exeept
the blood i tself but, while it is well to hear inmind that
the whole Body is ineuch 8 way de1imd from the blood, in
practi ce the term secretion is given 8 narrower eonnota
tion, the soli d tiem esam! the lymph being excluded ; ee that
8 secretion18 8 material (liquid or gaseorm) derived from the
blood and ponred ont on8 freesurface, whether that of the
general exterior or that of aninternal cavi ty. Such true
secretione fal l into two classes; one inwhich the product
is 01 no further use in the Body and is mer e eep8 r8 ted

for removal , 8 8 the m ine; andone inwhi ch the product 18
intended to be used , for inetenee 8 8 8 eolvent inthe digee
tion of food. The former group are sometimes distin
gnished 8 8 excretions andthe letter 8 8 secrd ionsp reper , but
there isno real d1ti erenoe betweenthem . the organeandprc
eeeeee concerned being fnndamentally al ike ineach case. A
better divisionis into transmiata andm ntc

'

om , 8 transnda»
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tion being 8 product which eontains nothing which did
not previonely exist inthe blood , and thenineuch quanti ty
8 8 might be defivahle from it by 111m physical processes;
while 8 weretion inaddi ti onto transndationelemente een
tains 8 specific element, due to the special phyüological
activi ty of the secretory orgen; being ei ther something
which doesnot exist inthe blood at 8 1! 01°someth ing which .

existing inthe blood in818 8 11 quanti ty, existe inthe secre
tion in euch 8 high proportion that it must have been
activ e picked up and conveyed there by the secretory
tissues conoerned. For instance, the gastric juice centuine
free hydroehlorie acid which does not exist in the blood
and the nrine contains so much 1118 8 that we must suppose
its cells to have 8 pecul iar power of remov ing that body
from the l iquids flowing near them. This subdi vision 18
8 180 justifiable on histological gronnde ; wherever there 18
8 secreting surface it 18 covered with cells, but these where
transudate are formed (88 on the eerons membranes) are
mere flat scalee, with l ittle or no protoplasm remaining in
them, whi le the cells which line 8 true secreting organ are
cuboidal , spherical , or columnar, and sti ll retain, wi th
their high physiolog ieel activi ty, 8 good deal of their prim i
tive protoplasrnin8 but elightly modified state.

Organe of Secretion. The simplest form in which
secreting organ 0008 18 (A, Fig. 88) is that 01 8 flatmembrane
provided wi th 8 layer of cells, 8 , onone side (that onwhi ch
the secretion 18 ponred out) andwith 8 network of cap il
lary blood-veeeels, 0, on the other. The dividing mem
hrane, b, is known 8 8 the bacemenl mambram and 18 usual ly
made up of fiat, closely fitt ing eonnective tissne eorpnecles;
supporting it onits deep side 18 8 layer of connective tissue,
d, inwhich the hlwd-vesselsand lymphati csare supported .

Such simple forms of secreting anrfwee are found on the

semns membranes but are not common; inmost cases an

extended area 18 required to form the necessary amount of
secretion, and if this were attained simply hy spreading ont
plane 8111

'f8088 , these from their number and extent would
be hard to pack eom mniently inthe Body. Accordine in
most 08 808 , the greater area 18 attained by folding the
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secreting surface in variousm ye eo that a ln.rge mrtwemm

be packed in8 small bulk, jest 88 8 Ch inese lanternwhen
ahnt up occupies much lese space than when extended ,
al though its actual surface remainsof the same extent In
8 few cases the folding takes the form of protrnaions into
the cavi ty of the secreting organ 88 indicated at 0, Fig. 88,

and found on some eynovial membranes ; but much more
commonly the surface extension18 atta ined inanother way,
the hm ment membrane, covered by its epithelium , being
pitted inor involuted 8 8 et B . Buch 8 secreting organ 18
known 8 8 8 glaml.
pm of cm In some m es the surface involn
tions are un iform indiameter, 01° nearly se, throughout (B ,

Fig. Such glands are known 88 tabular; emmplee

are found inthe l in ing coat of the stot (Fig .

in the skin where they form the w aaßglands.

In other cases the involutionswellsout at i ts deeper endand
becomesmoreor lesssaecnlated(E) ; sneh glande

’

are rm ew

or aeinous. The 818 8 11 glande which form the oily matter
ponredout onthe haire(Fig. 1191) are of th is type. Inboth
k inde the l i ning cells near the deeper end are commonly
diflerent incharacter from the rest ; and around that part
of the gland the hlwd-vessels form 8 eloeer netwm'k.

These deeper cells form the true secreting elements of the
gland, and the passage, lined with diflerent cells, leading
from them to the surface, and serving mer e to carry ot!
the secretio

'

n, 18 known as the glandduct. Whenthe dnet
18 undivi ded the gland 18 simp le; but when, 8 8 18 more

118 118 1, it 18 branched and each branch has 8 true secreting
part at its end, we get 8 mmponnd glnnd‚ tubular (0) or
racemose (E H) 8 8 the case may be In aueh eases the

mai n dnet, into which the rest open, is oftenof considera
ble length , so that the secreti on18 ponred ont at some die
tanee from the mai n mass of the gland.
A fully formed gland ‚ H, thus comes to be 8 complex

structure, consist ing pr
'

mmrily of 8 dnct, c, ductules, dd,
and secreting recesses , ec. The dnete and ductu les are

lined with epithelium which ismer e protective and difiere
111 character from the secreting epi thelium which lines the

P. 819.
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deepmt parts. Snrronnding each subdivision and hind
1ng i t to itsneighbors 18 the gland strom formed ef con
nective tiesne, 8 layer of which 8180 mmmonly envelope
the whole glnnd, 8 8 its capsule. Commonly onlooki ng at
the enrfwe of e h rge gland it is eeen to he eep8mted hy
parti tions of itsstroma, emm er thanthe re8 t‚ into lolm , each
of which answers to 8 mein d1Vi8108 of the primary dnet ;
and the lobes are oftensimüarly divided into smaller parte
or Iobules. Inthe connective tisane betweenthe lohee and
lobules blood-veseele penetrate, to end in fine capillary
vw ela around the terminal receeeee. They never pene
trete the haeen1ent membrane. Lymphatics and nerves
take 8 sim ilar course ; but there 18 reason to bel ieve the
nerve—fibres penetrate the basement memhrane and he

emne directly united with the secreting cells.
The Phy sical Prooeaaee in Secreti on. From the etrno

ture of 8 gland it 18 clear that 8 11 matter, derived from the

blood and ponred into its cavi ty, must pa snot only through
the walls of the capi llary blood—vessel8 , hat 8180, by filtre

tionor dialysis, through the basement memhmne and the
l ining epithelium. By filtration18 meent the pessage of 8
fluid under pressure through the eonreer mecha1nical poree
of 8 memhrane‚ 8 8 in the ord inary filtering proceeeee of 8

chemical laboratory ; and the higher the presenre ou the

liquid to be filtered the greater the amount which , other
things being equal , wi ll p8 88 through in 8 given time,

Since in the living Body the l iquid pressnre in the blood
capillaries 18 ne8 rly 8 lway8 higher than that outside them,

filtrefion18 apt to t8ke place evem here to 8 greater or less
extent, andwill be increased in amount in any regionhy
eircnmetancee raising blood-pressnre there, anddiminished
by those lowering it. To 8 certainextent 8 180 thenature
of the liquid filteredhas an influence. Tree solutions, 8 8
those of sal t inwater, p8 88 through nnehanged; but 80111

tione conta ining enhetaneee euch 8 8 hoiled starch or raw

egg nlhnnien, which ewell up greatly inwater rather than
trnly dissolve, are al tered by filtration; the filtrate contain
1ng lese of the imperfectly diseolmd body than the unti l
tared l iquid. The higher the pressure the greater the pro
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portion of sneh snbetaneee v hieh gete threngh ; und if
the pnu nm 18 sl ight the weter or other solvemt may alene
pa s, lem ing 8 1] the rest behind on the filter. Under
moderate preunre the blood may thus 1088 by filtm tion

euch bodiee only asweter and 88111188 ; v hile an inm 01

arterial preunre may lend to the pm ge of albnmen and

fibrinogen. Under heüthywndiäwe, for eu mple, thenrine
contains 110 albumen‚ but anyth ing merening the eap ilh ry
pressure in the kidneyawill emw it te appear. Dialyns
or oemoeis h88 already

'

heen eonsidened (p. by 1t 88 h
stnneea pam through the intermolecnlar poree of 8 mem
brane independently of the pressure 011 either side, and for
its oecnrrenee two liquideof diflerent chem i cal wnetitntion
am required , one oneach side of the memhrmne. At least

sim i lar solutions, the amount and character of the sub

stancea passing opposi te ways in 8 given time are exactly
eqnah 80 that no change 18 produced by the dialysis; which
practically amounte to the same thing 88 ii none occurred.
When8 solution18 p1808d onone side of 8 memhmne allow
1ng of dialysie and pure water onthe other, i t is found that
for every molecule of the diesolved body that p8 8888 one

way 8 definite amount of water , called the endom otic

equ ivalent of that body , p8 8888 in the opposi te direction.

Crystal l ine bodiee 8 8 8 rnle (hamoglohin18 8 11 exception)
have 8 low endosmotic equivalent or are reedily dialyzable ;
while eolloids auch 8 8 gnn1 and proteide, have 8 very high
one, so that to get, by di8 lysie, 8 m al] amount of albumen
through 8 membmne, 8 practical ly infinite amountof water
must pass the other way. Accordingly, ii we find auch
bodiee 1n8 secretionwe cannot suppoee that they have been
derived from the blood by osmoeie.

The Chemi cal Prooeeeee of Beeretion. Asabm e point»

edont certainsecreti ons, called transudate, seem to be pro
ducts of filtrationand dialysis alone, containing only snoh
enbetanees 88 those which are found in the blood plasma,

more 01° 1888 altemdinrelative quantity by the 88 88 or dim
culty wi th which they severally passed through the layera
met wi th ontheir way to the surface. But inmany 08 88 8
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soluti on 88 8 888 the reu rengement into carbon dioxi de,
alcohol, g1yeerine and succinic acid, of many atom of car
bon

,
hydrogenand oxygenwhich previously ex isted 8 8 sum ;

and which during the metamorphosis were probably not
passed through the l iving cell . How the letter note we do
not know with certainty, but most lik e hy pieking certain
etoms out of the enger molecule, end leaving the rest to
18 11 down into simpler eomponnds. Onthe other hand , we
find cells forming and st0r1ng up in themselves large quan»
tities 01 mbatances, which they afterwards liberate; steroh ‚

for instenee, being formed and lei d by in many truit
08118 , and attem arde rendered 801a 8 and pm ed out to

nourish the young plant.
Glnnd-cellsmight a priori give rise to the specific ele

ment8 of secretions in ei ther of these ways and we have to
seek in which manner they work. Do they simply act

8 8 tennents (however that is) upon the announding
medium ; or do they form the special h0d18 8 which eharae
terize their secretion, first within their ownsnt ee, and

then l iberate them, ei ther die1ntegreting themselvee 01

net at the same time? At present there 18 e hr ge 8 1111 8 11

incmasing 111888 of evidence 111 fav0r of the seeond view .

There 18 , no doubt, eome reasonto believe that every l iving
cell 08 11 act more or 18 88 8 8 8 ferment upon certain solu
tions should they eome into eont1wt with it. Not 81W8y8‚

of 801118 8 , 8 8 an aleoholie ferment , though even88 regarde
that one fer1nentative power it seems very general ly pesc

sessed hy vegetable ce lls, and there is some evidence that
alcohol 18 normally produced insmall amount (and presum
8hly by the fermentationof enger) under the influence of

certainof the l iving tissues 01 the Human Body. Aa re

gards distinetive secretory cel ls, however, the evidence 18
all the other way, 8 hd inmany 888 88 we can888 the specific

element eolleeting inthe gland-eells below it 18 set free in
the secretion. For example, in the oil-glands of the sk in
(Ch8 p. XX VII . ) wefindthe secreting 88 118 , at first grannlar,
nucleated and protoplasm ic, gradually undergoing changes
by which their prot0plaern d188 pp88 18 and 18 replaced by
011'droplete, until finally the whole 8811 M B to bite and its
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detri tus forms the secretion; the08118 being replaced bynew
ones constantly formed within the glnnd. Insuch m es

the secretion18 the ultimate product of the 0811 life; the
result of degenerative changes of old age oecnning init.
In other 08 888 , however, the liberation of the specific

element isnot attended wi th the destructionof the secret.
ing 0811; 8 8 anexample we may take the pancreas, which
is 8 large gland ly1ng inthe abdomenand form ing 8 secre
tionused indigestion. Among others, this secretionpoe
88888 8 the power, under certain conditions, of dissolving
proteids and wuverting them into dialymble peptonee

(p. This it 0wee to 8 specific element known 8 8 h yp
the formation of which withinthe gland—ee1h 08 11 he

traced with the microscope.

The pancreas, like the majori ty of the glande connected
with the alimentaq 08 h 8 1, has 8 11 intermi ttent acti vity ;
determined by the presenee or absence of food invarious
parts of the digestive tract. If the organ be takenfrom 8

recently k illed dog which has tested thirty hours and, after
proper preparation, he stained wi th carm ine and examined
micmeeopicnlly , we get specimens of what we may 08 11 the
resting gland —8 gland which has not beensecreting tor

801118 time. Inthese it will be seenthat the08 118 l in ing the
secreting reeeeses present two very d istinct zones; 8 11 enter
next the beeementmembrane which does not combine wi th
the coloring mat ter and 18 grannlar, and 8 11 inner wh ich is
not grannlar but pieks up the carm1ne. The grannlee we

shall find to be indications of the presence of 8 trypsin
yield ing snb8t8nce, formed inthe 08118.
If another dog be kept fasting unti l he has 8 good appe

tite and be thenallowed to eat 8 8 much meet 8 8 he will , he
Wi ll commonly take 80much th8 t the stomach wi ll only be
emptied at the end of about twenty hours. This period
mey, 80 far as the pancreas 18 eoneerned, be divided into
two. From the time the food entem the stomach and on

for about ten hours, the gland eeeretee abundantly ; after
that the eecmtiondwindles, and by the end of the se cond
tenhours h8 8 nearly m ed. We have, then, 8 time during
which the pancreas 18 working hard , followed by 8 period
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inwhich its activi ty 18 very l ittle, hnt during which it 18
abundantly suppl ied with food materials. The pancreas
takenfrom 8 11 8 11111181 at the end of the first period and

prepared for m iemm pie exam ination wi ll be found dif
ferent from that takenfrom 8 dog k il led at the end of the
second digeetion period, and 8180 (mm the resting gland .

Towardsthe endof the period of active work , the glande ells
are diminished in8188 and the proportions of the grannlar
and non-grnnnlnr zones are quite alte10d . The letter now
occupies most of the 08 11, while the grannlar non-staining
inner zone 18 greatly dim inished. During the secretion
there 18, therefore, 8 growth of the non—grannlar and 8 de.

stm etionof the grannlar zone; and the latter process rather
exceeding the former, thewhole scenting 08 11 18 diminished
in size. During the second digestive period , when88018

t10n18 languid , exactly 8 reverse process takes place. The

cells incream insize 80 88 to become larger than those of
the resting gland ; and th is growth 18 almost entire due

to the gmnnlar zone which now occupies most of the 0811.
These facts suggest that during secretion the grannlar
part of the 08118 18 need up : but that, simul taneously, the
deeper non-

grennlar zone, being formed from materials
yielded by the blood , gradually gives rise to the grannlnr.

During active secretion the breaking down of the lat
ter to yield the specific elements fester than its re
generation; in8 later period , however, when the secret ion
18 com ing, thewhole0811 grewe anti , especial ly, the grannlar
zone 18 formed fester than it 18 disintegrated ; henee the
great increase of that part of the 0811. If this be 80, then
we ought to find 801118 relationsh ip between the digee

tive activi ty of 8 11 infusion01° extract of the gland and the
818 8 01 the grannlar zones of the 08118 ; and it has been
shown that euch existe; the quantity of trypsinwhich 08 11
be obtained from 8 pancreas being proportionate to the
818 8 of that portionof its 08118 .

The trypsin, however, does not exist in the 08118 ready
termed , but only 8 body which yields it under certaineir

If 8 perfectly fresh pancreas be di v ided into halvea 8 11d
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the trypdn. To dedde betweenthe re1ative importanee of

other glands ; 811108 the question 08 11 0111y he 1180111811 hy
experiment upon the lower 8 1111h 8 18 , 8 1111 the p081t1011 of

the pancmas 8 1111 the difficulty of getting at itsnem with»
out aueh severe operations 88 upset the physiological 0011111
11011 01 the animal, furnizh 0b818 0188 to its study which
havenot yet beenovereome.

110110001 8 direct actionof nerve-fibree upon the seerefing
elements. If the sciatic nm e 01 8 eat he stimulated 8180
t1101111y the 118 118 of its feet W111 Sweat. Under ordinary
circum tancee they become at the 88 1118 time 18 11 8 1111 full
of blood ; but that this 00a 18 8 factor 01 suheidiary

stimulationod the nem 18 still able to exoite the gla1111

08118 8 1111 08 1188 sweating 111 8 limb which has been ampu

tated ten01 fifteenminutes (8 1111 111 which therefore 110011
01118 10131 changes 08 11 000111 ) 8 1111 8180 by the 00111 eweats,
Wi th 8 111111111 811111, 01 phthisis 8 1111 the death ag011y. It 18 ,
however, with reference to the submaxillary 8 1111 parotid
88 11Val'y glands that 0111 information18 most precise.

Whenthe month is empty 8 1111 the jaws at rest the a li
vary 8801881011 18 0m paratively small : but 8 88 11111 mhetanee

p180011 ou the tongue wil l 08 1188 8 001110118 flow. The phe

1101118 11011 18 closely comparable to the producti onof 8 reflex
11111801118 1 0011t1 80t1011. A 86 1111111111 acting upon 8 11 irri table
t188 118 exci tes through it certainaflerent nerve-fihreu; these
exeite 8 nerve—eentre, which in turn stimulates efierent

(ihres ; going te a musele inthe 0118 0888 , to a glm d inthe

other. It W111 be useful to 008 81d81 8g8111 101 8 moment
what 000111 8 inthe 08 88 01 the muscle, taking account only
of the efferent fibree 8 1111 the parts they act upon.
When8 muscle inthe Body is made to contract reflexly,
through its nerve, two events 000111 in it. One 18 the

shortening of the muscular 11111 8 8 ; the other 18 the 11118 b »

tion of the 111 11801118 1 arteries; every 111 11801118 1 8 81 118 0011

tains two sets of fibrea, 0118 motor 8 1111 0118 YaBO-dilflt01',

8 1111 normally both act together. In th is case. however,
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it 18 0188 1 that the activi ti esof both , though 0mrelnted, 8 18

8888 116 811y independent The 00116 80608 isnotdue to the

greater b10011-110w 101 , not only 8 11 81 1318811 muscle eu
61e deprived of blood , be made to 0011t1 110t by stimula6ng
itsneu es, but in8 11 animal to which 8 818 8 11 1108001 08 1 8 11

—the arrow poiso11 of eertainSouth American1111118 118—h88
been given, 86 1111118 6011 01 the nerve will 08 8 88 the 118 8011
18 1 dilatationbut no 11111801118 1 001111 806011 : the 08 18 11 par
alyzing themotor 1111108, but, 11111888 111 la ge 110808 , leaving
the vano—1lilators intact The muscular 611188 them elvea

8 18 qui te 11118018 11 upon by the poiser1 , 8 8 8V11106d by their
ready contraction when directly stimulated by 8 11 electric
shock.
Now let 118 returnto the 8alivary g18 11118 8 1111 88 8 h0w 1111

the facts 8 1 8 0018 11 81 81118 . The 1118 18 nerve of the 811111118 1 »

illary gland 18 known as the chorda tympmn
'

. If it 110 111

vided 111 8 118 1006 88 11 dog, 81111 8 tube p180011 inthe g1111111
111118 , 110 W111 118 found to flow. But 011 st imulating
the periphere] 8 1111 01 the nerve (that 81111 8611 connected
with the gland) 8 11 abundant 800106011 takes p1808 At

the same time there is 8 great of the arteries 01

the 0138 11, much more blood than before flowing through
it in8 given6me: the ckorda obviously thencontains V880
111111t01 fih188. Now in thi8 0888 it might very well he that
the proeeeswaedißeremt from that ina m s1fle. It 18 0011»

eeivable that the 88018 6011 may be hat 8 filtrationdue to

increased premure in the g1111111 08 p1118 1188, eonaequent

011 dilatationof the 8 1 18 1188 supplying them. If 8 greatea
'

11168 6011 into the lymph spaces of the gland took place, this
liquid m ight thenmerely 0088 011 through the 880186 11g 08118
into the 00mmencing (1110138 8 1111, 8 8 it p888811 th1011gh, 111&

solve out 8 1111 carry 011 from the 08118 the specific organ ic
elements of the 88018 6011. Of these, in the subman

'

llary
01 the 110g at least, 111110111 18 the most important 8 1111

11111111t That, however, t he p100888 is qui te diflerent,
118 11 that there 8 18 inthe glan11 true secretmy fib18 8 111 1111

111608 to the vaeo-111lator, just 8 8 in the muscle there 8 18
true motor 61118 8 , 18 proved by other exper iments.
If the flow of l iquid from the exci ted glan11 were 11101e
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the outcome of a filtmtiondependent om 18 01 8 8 88 11 11111011

pressure in it, then it is clear that the premure oi the

wcre6onh the dud wnldnever riee ahove 1he prem re in

1118 111001 1 088018 of the glaud„ N0w 1t 18 10111111, not only
that the glandean he made to eecrete ina reeently 11wapi

tated 8 1111118 1, inwhich 01 008 1 88 there 18 110 1110011 1118 8811118 ,

hut that, whenthe drenlsüonis going 011 , 6 18 111888111001
'

the 8801 86011 inthe 111101: 08 11 1 188 181 beyond that in the
318 111] arteriee. Obüouely, then, the 8001 86011 18 110 ques
tionof mere 61tration, 8111008 liqu id cannot 6118 1 ag8 i11st 8
higher pressure. F inally, the proof that the 1 8 801118 1 11118

ta6on 18 qui te 8 81111811118 17 phenomenon has 118 8 11 011111

pletedby showing that we 08 11 produce 1111 the increased
blood—flow through the gland wi thout getting any 8801 8 6011
—that just 88 111 8 muscle nerve we 08 11 , by 01118 1 1, paralyze
themotor 611188 and leave the vaemdilators intact, so we
08 11 by 8 110p111, the &ctive principle of deadly night—shade,
get similar phenomena in the gland. In 8 11 8 6 011188 11

an imal e6mulation01 the 0h01 118 p10111108 8 V8801118 1

tation but not 8 drop of 880186011. B1111g111g blood to
the 08118 abundantly, W111 not make them drink ; we must
88811 something 111018 111 the 0h01118 thanthe vaeo-di lator
6b18 8- 801118 pmper scent 61118 8 ; that the poisot1 8018
upon them 8 1111 not upon the 318 111108118 , 18 shown, 8 8 in
the muscle, by the fact that the 08 118 8611 8 1 8 capable of

activi ty when 86 1111118 18d otherwise than through the

0h01 118 tympani . For example, by stimnla6 onof the sym
pathe6e 6111 8 8 going to the gland.
Se far thenwe 888111 to have good evidence of 8 direct

806011 of 1181 1 8 -611108 upon the glande ella But eventhat
18 not the whole matter. It 18 extremely 111011111118 , if not
certain, that there 8 1 8 two sets of secretory 61118 8 in the
gland—nerves

'

: 8 ee
’
t which 80 8018 011011 the 08118 8 8 to make

them pass 011 11101 8 8h1111118 11t1y the 6 8 11811118 6011 elem811t8

01 the 88018 6011 (the water 8 1111 m ineral salts) , 8 1111 another ,
quite diflerent, which governs the chem ical transformations
of the 00118 8088 to make them p1 11d1108 111 110111 from matters
previously stored inthem , in8 comparehle way to the pro
duction01 trypsin from zymogen in the 806 1 8 p8 1101 8 88.
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tion. The evidence is, perhaps, not qui te oonclusive, but
exper imente upon the parotid gland of the dog put the
matter beyond doubt.
The submaxil lary glend rece ives fibree from the sympw

thetic system , as wel l as the chorda tympani from the

cenehro-epinal. Exci tationof the sympathetic fihrescensee

the gland to secrete, but the saliva poured out is differ
ent from that following chorda stimulation, which is

in the dog abundant and comparatively poor in organic
constitnente, endwecmpaniedby vascular diletation: while
the “

sympathetic seliva, ” as it is called, ie less abundant,
very rich m mucin, and accompanied with eonstrictionof
the glend arteries. According to the above v iew we

might euppoee that the chorde contains many treneu<la
tory end few trophic fibree, and the sympatheti c many
trophic and few treneudatory. It might, however, well be
objected that the greater richness inorganic bodies of the
sympathetic ealiva was really due to the sma ll quanti ty of
blood teaching the glend , whenthat nerve was stimulated.
Thismight al ter the nntritive phenomena of the cells and
came them to form mncininnunmal abundanoe, inwhich
case the trophi c influence of the nerve would be only ih
direct. Experiments onthe parotid preelnde this explan
ation. That gland l ike the subm illery gets nerve-fibree
from two sources : cerebral anda eympnthetic. The letter
enter the gland along its u tery, while the former, origin
ating from the gloeeo

—
phmyngeal, mm in roundebout

course to the glend. Stimulation of the cerebral fibree

canees an abundant secretion, rich in water and enlte, but

with hardly any orgahic constituente. At the same time it
produces dilatationof thegland arterie& Stimulationof the
sympathetic causescontraetionof the parotid glend arteries
and no eecretion at all. Neverthelea it causes great
changes inthe gland-celle. If it be first stimulated fer a

while and then the cerebral gland-nerve, the resul ting
eecmtionmay be ten times as rich inorganic bodies as that
obtained without pmvione stimulationof the sympathetic ;
anda similar phenomenonis obeerved if the two nerves he



m m OF NERVE8 OH W O17. 275

though unable o! i tself to cause a secretion, bringe about
great chemical changes 111 the gland-eells. It 18 a distinct
troph ic nm e. This eonoleaion18 eonflrmed hy histology.
Sections of thegland efter prolongedstimulationof the sym
pathetic show its cells to be qui te al tered inappearanee,
and111 their tendency to combine wi th carmine, whenccm
pared either wi th those of the reet1ng gland or of the glend
which hae beenmede to eecrete hy atimnlating i ts glasse
pharyngeal branch alone.

We have still to meet the objectionthat the sympathetic
fihree may be only indirectly trophic, governing the mete
holism of the cells through the blood—vemele. If this be
ao, cutting off or diminiehing the blood-supply of the
glend, inany way , ought to have theeame resul t ae stimula
tion of its sympathetic fibree. Experiment shows that
euch isnot them e and reduceeue to a direct trophic influ
ence of the nerve. Whenthe arteries are closed and the

eerebrel gland-nerve stimulated , it is found that the per
centage of organic conetitnente in the aecretiw is as low

as usual ; it remains almost exactly the same whether the
arteries ame openor closed or have been previous epenor
closed. We must eonclude that the pecul iar influence of
the sympathetic does not depend upon fte vaso-conetrictor
fihree.

These obeervatione meke it clear that the phenomena of
secretionare dependent onvery complex condit ions, at least
in the ealivery ghnde and presumebly in anothers.
Primeri dependent upon filtrationand dialysis from the

blood-vemele and the physiological character of the gland
cells, both of these factors are controlled by the nervous
system , the eem

*

etory tim es being 110 more automatic then
the muecmlar; andthe facts also give us important evidence
of power of the nervoue system te influence cell nutrit10n

Summary . By eeerefionismeant the separationof such
enhatanees from the blood as are poured out onfree endwee

of the Body , whether external or internal. Inits simplest
form it is mer e physical process dependent ou filtm

tionand dialysis; for example, the elimination of oerhon
diox ide from the euriaoee of the lange, and the watery
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l iquid poured out onthe surfaoes of the eeroue membranes.

Such eecmtione are known astransmiata and their amount
isonly indirecfly controlled by thenervoue system, through
the influence of the latter upon the eireulationof the blood.

The cells lining such surfaces are not secretory tim 1ee in

any true sense of the word , being merely flat, inactive, thin
eealee protecting the surfacee. In other cases the l ining
cells are thioker, andactive conoernedinthe process ; they
are then usually Spread over the rem 01 a much folded
memhrane, so that the whole ie rolled up into a compact
orgen called gland‚ the seeretionof which may contain
only transudation elements (as for example that of the
lachrymal glande which form the teure) 01° may conta ina

specific element, formed in the gland by its cells, inaddi tion
to trensndation elemente. In ei ther case the activi ty at
the organ ie directly influenced by the nervous system,

usually in a reflex manh em(ag . the watering of the eyes
whenthe eyehell is touohed and the ealiva poured into the
month when food is tested) but may also be otherwise ex
ci ted, es for example the flow of team under the influence
of thom changes of the central nervoue system which are
associated wi th sad emotions‚ or the weter ing of the month
at the thought of deinty food. The nerves going to such
glands‚ besides controlling their blood- vessels, act upon the
glendocelle; one set governing the amount of transudati on
of water and ealinee which shell take place through them,

and another (ih the case of glands producing eecretione

with one or more specific elemente) controlling the produc
tionof these, by startingnew chemical moceeeee in the cells
by which substance built up in them during rest is con
verted into the specific element, which is soluble 111 and
carried 011 by the transndntionelemente. What the speci
fie element of gland shall be, or whether i ts secretioncon
ta inany, is dependent on the nature of its special cells
how much traneudetion and how much specific element
shell he secreted at any time is controlled by the nervoue
system ; just as the contracti li ty of a muscle depends on

the endowments of musculer tiseue, and whether it shall
rest or coa if the letter how powerfully—npon
fünm e.
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The living Body thus loeee daily in round numbers 4
kilogmms of matter (8 Ihe. ) and, since it is unable to
create newmatter, this lose must be compensated for from
the exterior ar the tiesuee would soon dwindle away elta
gether; or at least until they were so impaired that l ife
came to anend. After death the losseswould be of a difier
ent kind , and their quanti ty much more depemient upon
surronnding conditions; but except under very nunmal
cir011metaneee the waeting away would sti ll continue inthe
dead Body. Finally‚ the composi tionof the daily wastes
of the living Body is toleranconstant ; it doesnot simply
lose quantity of matter weighing so much , but a certain
amount ofdefinite kindaof matter, carbon, ni trogen, oxygen,
andso ou; and these same eubetanoeemust be reetored to
it from outside, in order that life may be eontinued. To
give one ask ing for breed a stonemight, 110 doubt, if it were
swallowed , cmnp0neate inweight for the matter he lost in
twenty-four hours; but hreed would be m ded to keep
him alive. Inother words, the Body not only requires
supply of matter from outside, but a. supply of certain
defi11ite kinde of matter.

The Loewe of the Body inh er3y . Thedaily expendi

ture of matter by the living Body isnot the only one : as
continuously it losee in some form or enöther anoryy , ar

the power of doing work ; often as mechanical work ex

pended inmoving external objects, but evenwhenat rest
energy is em etantly being lost to the Body in the form of

heat, by radiationand oenduction to enrronnding objects,
by the evapoyationof water from the lange and sk in, and
by removal in warm excretions. Unleee the Body can
make energy it must therefore receive a certainsupply of
it also from the exterior, or it would very soon cease to
carry 011 any of its vi tal work ; it would be unable to
move andwould cool down to the temperature oi surmund
ing objects. The discover ies of this century having shown
that energy is as indestm ctihle and uncreatehle (see Phy
sion) as matter, we are led to look for the eonroes of the
supply of it to the Body ; andfinding that the living Body
da i ly reeeivee it and dies whenthe supp ly is out afl, we no
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longer suppow, wi th the older phyflologiste, that it works
by means of mysterious vi tal force existing inor created
by it; but that getting energy from the outs ide it util izes
it for ite purpoeee

—for the performance of itnnutrifive and
other liv ing work—and then returns it to the exterior
inwhat the physicists know es 11 degraded state; that is in
11 lese utili zable condi tion. Whi le energy like matter is ih
deetruetihle it is, unl ikematter, transmutable ironisalways
ironandgold always gold ; neither eenby any meanswhich
we poeeesa be converted into any other form of matter; and
so the Body , needing carbon , hydrogen, oxygen, endni tro
gento build it and to cover its daily low , must be sup
plied with those very eubetancee. As regarde energy this
isnot the case. Wh ile the total amount of it inthe uni
verse is constant, its form is cm stantly subject to change
end that one inwhich it enters the Body need not be that
inwhich it existe while init, nor that inwhich it leavee it.
Daily losin$heat and mechanical work the Body does not
need, could not infact much uti li ze energy, supplied to it
in these forms ; but it does need energy of some form and

inamount equivdent to that which it loeee.
The Conservation of h ergy . The forms of energy
known to 118 are not neerly 80 numerous as the kinde of
matter. Still we all know several of them ; such as light,
heat, sound , electri ci ty. and mechanical work ; and most
people nowadays know that some of these forms are inter
convertible, so that directly 01° indireetly we can turnone

into another. Ineuch changes it is found that definite

m ount of one kind always diseppem to give rise to 11

certain quanti ty of the other; or, in other words, that so
much of the first form is equim lent to so much of the
second. In steem-engine, heat ie produced in the fur
naee; whenthe engine is at work all of this energy does
not leave it as heat ; some goes asmechanical work, and the
more work the engine does the greater is the diflerence be«

tweenthe heat generated inthe furnace and that leaving
the mach ine. If, however, we need the work for rubbing
two rongh surfaces together we could get the heat back
again, and if (which of course in impossible in practice)



https://www.forgottenbooks.com/join


282 THE HUXAN BODY.

uni t quanti ty would perform, ii converted into mechanical
work andused to reise weight. For example the uni t
quanti ty of heat is that necessary to raise one kflogram of
water one degree centigrade in temperature; or sometimes,

inbooks wri tteninEnglish, the quanti ty necessary to warm
one ponnd of water one degree Fahrenheit Whenthere.

tere we say that the mechanical equivalent of heat is 423
kilogrammeters we mean that the quanti ty of heat which
would m ise one ki logram of water in temperature from
4
° 0. to 5

°
C. would, it all turned into mechanical work,

be able to raise one ki logram 423 meters against theattrae
tionof the earth ; and oonvm ely that this amount of me«

chanical work if turned into heat would warm a k i logram
of water one degree oentigrade. The mechanical equiva
lent of heat, taking the Fahrenheit thermometrie scale and
using feet andpounds as measures, is 772 foot-ponnde.
Potential and K inetic Energy . At tinms energy seems

to be lost. Ordinari wc only observe it whenit is doing
work and producing some change inmatter : but sometimes
it is at rest , stored away and producing no changes that
we recognize and thus seems to have been destroyed.

Energy at work is knownas kinet1
'

c energy; energy at rest,
not producing changes inmatter, is called potent energy .

Suppose a stone pulled up by a string and left suspended
in the air. We know a certa in amount of energy was
need to lift it; hntwhile it hengs we have nei ther heat nor
light nor mechanical work to represent it. Still the energy
is not lost ; we know we have only to ent the string und

the weight will fal l , und strik ing something give rise to

heat. Or we may wind up spring and keep it so by 11

catch. Inwinding it up a certain amount of energy in
the form of mechani cal work was used to al ter the form
of the spring. Unti l the catch is removed this energy te
meine stored away as potential energy : but we know it is
not lost. Once the spring is let loose again it may drive a
clock or watch , and in so doing will perform again just
80 much work es was spent in coil ing it; and when the

watch has rundownthis energy wi ll all have been turned



into other forme—mainly heat develomd inthe triction of
the parts of the watch against one another : but partly also
inproducing movements of the air, a portionof which we
canreadi obeerve in the sound of its ticking. The law

of thewnservationof energy doesnot say , then, that ei ther
the total potential or the total kinetic energ

'y inthenniveme
is constant inamount : but that the sum of the two is inva
riable, while oonflantly undergoing changes from kinetic
to potential end vice vorm : and from one form of k inetic
to another.

The Energy of Chemi cal Afi ni ty . Betweenevery two
chem ical atoms which are capable of entering into combi
nation there ex iste certain amount of potential energy ;
whentheynnite this energy is l iberated , nennlly 1nthe form
of heat, and once they have combined certain amount of
kinetic energy must he epent to pnll them apert again; this
being exactly the amount which was l iberated when they
uni ted. The more stable the compound formed the more
k inetic energy appeam during its formation, and the more

must be spent to break it up again. One may imagine the
eeparated etoms as two halle pnehed together by springs.

the strength of the spring being proportionate to the de»
gree of their chemical afi nity. Once they are let 10080

und permi tted to strike together the potential energy pre.

vionely represented by the compressed springs disappears,
and inits place we have the kinetic energy, repmeented by
the heat developed when the helle strike together. To
pnll them spart again, against the springs, to their original
posi tions , just 80 much mechanical work must be spent es
is the equimlent of that amount of heat which appea ed

when they etrnck : and thus kinetic energy will again he
come latent in breaking up the compound reprewnted by
the two incontact. The energy liberated inchemi cal com o

binationis the most important eonrce of that used inour
machines: and also of that spent hv the living Body.

Body daily end the Bnerg y 8pent by i t A working
locomotive is, we know, ccmatsntly losing matter to the

exterior inthe form of nahee and gamona products of com
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hnstion, the letter being mainly carbon dioxide aoa n ta
vapor. The engine also exmnde energy, not only in the
form of heat rediaWd to the air, but as mechani cal work
indmwing the cars against the resistance ofiered hy fr ic.

tion01° sometimes, up eninchne, hy gravity. Now the 011

gine—dr iver kn0\1*s that there is a close relationship between
the losses ofmatter and the expendi tnre of energy , so that
he has to stoke his furnace more frequently and allow
greater draft of air through it in going up a grad ient
thanwhenrunning on the level . The more work the en
gine does. the more coels and air it needs to make up for
its g1eater waste. If we seek the cause of this relation
ship betweenwork andwaste, the first answer naturally is
that the engine is mach ine the special object of which is
to convert heat into mechanical work, and so the more

work it has to do the more heat is required for convension,
and consequently the more eonls must be hum t. This,
however, opene the questionof the source of the heat—of

all that vast amount of kinetic energy which is l iberated in
the furnace; a nd to answer this we mnst consider inwhat
forms matter and energy enter the fnrnace, since the

energy libernted there must be carried in somehow from
outside. For present purposes eoelemay be considered as
consisting of carbon and hydrogen, both of wh ich sub.

steneee tend to forcincombine with oxygenat h igh tem
peratures, form ing in the one case carbon diox ide and in
the other water. The oxygennecessary to form these com
pounds being suppl ied by the air entering the furnace, all
the potential energy of chemical aflinity which existed be
tween the uncombined elemente becomes kinetic , and is

l iberated as heat whenthe combinationtakes place. The

energy util ized by the engine is therefore supplied to it in
the form of potential energy, associated with the nncom

bined forms of matter whicu reach the furnace. Once the
carbonend hydrogen have comb ined with oxygen they are
no longer of any use es l iberators of energy ; and the com
pounds formed if retained in the furnace would only clog
1t and impede ferther combustion; they are therefore got
rid of 118 waetee through the smoke—steck. The engine,
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andnot uponany pecul iarity inthe energy uti li zed 01
° in

its source. The Body is, however, a fer mone economical
mach ine thanany steam-engine; of all the energy liberated
inthe letter only a smal l traction, about one eighth , ie use»
fully employed , while ourBodiescanuti l ize for theperform
ance of muscular work alone one fifth of the whole energy
supp l ied to them ; leaving out of account al together the

nutritive and other work carried onin them , and the heat

though the general principlee uponwhich the Body and

the steam-engine get their working power are the same,
stil l in minor points very ohvions difierem>ee are found
betweenthem. Inthe first place the coale of an engine
are oxi dized only at a very high temperature, one which
would be instantly fatal to our Bodies which , al though
warm whencompared with the bulk ot imm i1nute objects.

are very slow firee whencompared with a furnace. Chem
iatry and physice‚ however, teach ne that this ditferenoe is
qui te animt so far aswneerne the amount of energy
liberaßd. If magnesimnwire he ignited in the air it Wi ll
become white—hot, flame. and leave at the end of a few

seconds only a certain amount of incombustible rue! 01°

maguem
'

a, which consiste of the metal combined wi th
oxygen. The heat and light evolved in the process repte

sent of course the energy which , ina potential form, was

associated with the megneä nm and oxygen before thei r
combination. We can, however, oxidize themetal ina differ
ent way , attended m

'

thno evolutionof l ight andno very per
eeptible rise of temperature. If, for inetanoe, we leave it in
the air it will become gmdnelly turned into megnesie wi th
out hav ing ever beenhot to the touch 01° lum inous to the
eye. The process will , however, take days 01° weeks; and
while inthis slow oxidationjust as much energy ie liberated
as inthe former case it now all takes the form of heat ; and
instead of being liberated ina short time is spread over a

much longerone, asthe gradnal chemical combinationtakes
place. The slowly oxidizing magnesium ie, therefore, at 110
momentnoticeably hotsince it losee its heat to enrronnding
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objects es fest es it is generated . Theoxidationsoccurring
inour Bodies are of th is slow kind. An ounce of arrow
mot ox idized in a fire, and in the Human Body, would
l1berate exactly as much energy in une case as the other,
but the ox idationwould take place in a fewminutes and
M e high temperature inthe former, end elowly , at a lower
temperature, inthe latter. Inthesecond place, the engine
ditIere from the l iving Body inthe fact that the oxidations
init all take place ina small area, the furnace, and so the

temperature there becomes very high ; wh ile inour Bodies
the ox idations take place all over, in each of the li ving
cells; there isno one furnace 01° hearth where all theenergy
is liberated for the whole and transferred them e in one

form 01° another to d istant parts: and th is is another reason
why no onepart of the Body attaine very high temperature.
The Fuel of the Body . This is clearly diflerent from

that of an ordinary
°

engine : no one eonld l ive by eating
coals. This difference again is anbeidiary ; a ga&engine

requires different fuel from an ordinary locomotive ; and
the Body requires a somewhatdifierent one from ei ther. It

needs as feeds, snhetanee3 which can, inthe first place, he
absorbed from the dimentary cenel and carried to the
various tissues; and, in the second , can there be oxidized
at 11 low temperature perhaps more probably, can be
converted by the l iving cells into compounds which canbe
so oxi dized . With some trivial exceptions, all snbetanoes

which fulfill these conditions are complex chemi cal com
ponnde, and to understand their util ization in the Body
we must extend little the statements abovemade as to the
l iberationof energy inchemical combinations. Thegeneral
lawmay be stated thne—Energy 1

°

s liberatedwhenever chawß
m l uniontakes place am] whenever mon stable compounds
areformed from 183 8 stable mm :

, inwhich the com h
'

tucnt

atom: were leu flrmly held Iogetlwr. Of the l iberation by
simple emnhinationwe have already seenan instance inthe
oxidationof carbon in 11 f urnace ; but the unionneed not
be an ox idation. Everyone knows how hot quicklime
becomes when it is elaked; the water combining strongly
with the lime, and energy being liberatecl in the form of
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heat, during the proeees. Oi the libmation of energy by
the breaking downof a complex compound , inwhich the
atom are only feenuni ted , into simpler and stehler onee,
we get anexample inaleoholic fermentation. During that
process grepe enger is brokendown into more stable com
pounde, mainly carbon dioxide and alcohol , while oxygen
is at the same time takenup. To pnll apert the carbon,
hydrogenand oxygenof the enger molecule requires a cer
tainexpenditure of kinetic energy : but inthe simultaneous
formation of the new and etabler compounds greater
amount of energy is set free, and the difierenee appears as
heat, so that the brewer has to cool hie vate wi th ice. It

is by processes l ike this letter, rather than hy direct com
binations, that most of the k inetic energy of the Body is
obtained ; the complex proteide and tete end stm‘

ches and

enger takenas food being broken down(usual ly with con
comi tant ox idation) into simpler and more stable com»

ponnde

Oxi dati on by Bueoeeeive Steps. Inthe fnrnaee of an
engine the oxidationtakes place completely at once. The

earhonand hydrogen leaving it, if it is well manuged, are
each in the state of their most stable oxygen compound .

But thisneed not be so : we might first oxi dize the carbon
so as to form carbon monoxide, CD, and get 11 certain
amount of heat ; and then oxidize the carbonmonox ide
ferther so as to form carbondiox ide, 001 , and get more
heat. If we add together the amounts of heat lihemted in
each stage, thesum will be exactly the quanti ty wh ich would
have beenobtained if the carbonhad beencompletely hnrnt
to the state of carbondioxide at first. Every one who has
studied chemistry will think of many similar cases. As

the process is important physiologically we may take an
other example; say the oxidationof aleohol. Thismay he
burnt completely anddirectly, giving rise to carbondioxide
andwater

01H00 Os 2001 3H10
l Ak‘0h0'. 6 0xygen. 2 01 fbondioc lde. 8 vnter.

But instead of th is we canox idize the alcohol hy stegee,
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matiene doesnot first take the form of heat ; though some

of it does. This, again, does not afleet the general prin
eiple : the source of energy is essentially the same inboth
easee; it is mer e the form which it takes thet

,

is dit
ferent. In a galvanic cell energy is l iberated during the
unionof zine and sulphnric acid, andwe may 80 m enge
matters as to get this energy as heat ; but on the other
hand we may lead it oft, es 11 ee—called galvanic current,
and use it to drive magneto-electr ic machine before it
has takenthe form of heat at all. In fact, that heat may
be used to do mechanical work we must reduce some of it
to lower temperature : an engine needs condenser of
some k ind as well as a fnrneee; and, other things being
equal , the cooler the condenser the greater the proportion
of the whole heat liberated in the furnace which canbe

used to do work . New in muscle there isno condenser ;
its temperature isuniform throughout. 80whenitcentraets
and l ifte weight , the energy employed must be l iberated
insome other form thenheat—eorne form which the museu
ler fihre canuse wi thout condenser.

Summary . The l iving Body is continual ly losing mat
ter und expending energy. Se long as we regard it as

working hy virtue of some vi tal force, the power of gener
ating which it has inherited, the waste is diflienlt to
account for, since it is far more thenwe can imeg ine asdue
mer e to wear end tear of the working parte. When.

however, we consider the natnre of the income of the Body ,
and of its expendi ture, from ehemieo-physical point of
view, we get the elne to the puzzle. The Body does net
waste because it works but works because it westea. The

working power is obtained by chemical changes oeenrring
in it, associated with the l iberation of energy which the
l iving cel ls util i ze; and the products of these chem ica l
changes, be ing no longer avai lable as senreee oi energy, are
passed ont. The chemical changes eimoerned are mainly
the breaking downof complex end unstable chemical com
pounds into simpler and more stable once, wi th eoncom io
tant oxidation. Aeeord

'

mgly the material loeeee of the
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Body are highly or completely oxidized, tolerably simple
chemical compounds; and its material income is mainly
nneemhined oxygen, and oxidizable snbetan0es, the former
obtained through the lnngs, the latter through the alimen
tnry eenal. In energy, its income is the potential energy
of uncombined or feen combined elemente, which are

capable of combining 01° formingmore stableeemhinetions;
and i ts final expenditure, is k inetic energy almost entir e
inthe form of mechani cal work and heat. G ivenoxygen,
all oxidizable bodiee will not serve to keep the Body alive
and working, but only those which (1) are capable of eh.

sorptionfrom the nlimentary eanal and(2) those which are
oxidizable at the temperature of the Body under the infin
enee of protoplasm . Just 88 carbonand oxygenwill not
nnite in the fnrnaee of an engine unless the “ fire he

l ighted by the application of a match but, when once
started , the heat evolved at one point will serve to carry on
the conditions of combinationthrough the rest of the mm ,

80 the ox idations of the Body only ocenr under special een
ditions; end these are tranemitted from parent to oflspring.

Every newHumanBeing starte as a portionof protoplasm
separated from parent and aflording the conditions for
those chemi cal eombinetions which supply to l iving matter
1te working power : this eervee, l ike the energy of the
burning part of a fire, to start simi lar processes in other
portions ef matter. At present we know noth ing inphysi
ology answering to the match which lights furnace; those
manifeetetione ef energy which we cal l l ife are handed
down from generationto generation, 118 the sacred fire in

the temple of Vesta from one watcher to another. Science
may at some time teaeh ns how to bring the chemi cal een
8ti tnent8 of protoplasm into that combination in which
they possess the facul ty of starting oxidations under
those conditions which characterize l ife; thenwe will have
learnt how to strike the vi tal match . For the present
we must be content to study the properties of that form
of matter which poeseasee l iving facul ties; since there 18 no
satisfm tory proof that it has ever been produced , within
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ont experience, apart from the influence of matter already
living. How the vi tal sperk first originated‚ how mole
cnlee ef carbon, hydrogen, ni trogenand oxygenfiret united
w ith water and ealts to form protoplasm,

we have no seien
tifie data to ground posi tive opinionupon, andeneh 118 we

may have must rest uponother grounde.
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state would serve asmaterial for the eonstrnetive femes of
the Body to work with . Experience, however, teechee us
that this isnot the case, but that the animal body requires ,
for the most part, highly complex wmpounds for the con
struction of new tisene elemente. Al l the active tissues
yield on analysis large quanti ties of proteids which , 115

peintedout inChapter I. , enter always into the structure of
prowpla8m. New, so far aswe know at present, the animal
body is unable to build up proteids from simpler com

pounds of ni trogen, al though when given one variety of
them it canconvert that one into others, end combine them
with other things to form protoplesn1. Hence proteids are
anessential article of diet, inorder to replaee that portion
of the l iving cells which is daily brokendownand clim i
neted in the form of area and other waste euhetan<>e&

Evenalbuminoide (p . al though 80nearly al l ied to pro
teide, wi ll not serve to replece them entir e ina diet ; a
man fed abundantly on gelatin, tete, and etarehce, would
etarve as certainly, though not so quickly, as if he got no
nitrogenone food at all ; hie tissue waste would not he made
good, and he would at last be no more able to uti li ze the
energy-yielding materials supplied to him, than11 worn-ont
steam-engine could employ the heat of a. the in its furnace.

Se, too, the animal is nnehle to take the carbon for the

constructionof its tissues, from such simple eomponnde as
carbon dioxide. Its eonetrnctive power is lim i ted to the
uti l izationof the carbon contained in more complex und

lese stable eomponnde, such as prote ids, fate, 01° engere.
The main bulk of all useful feeds must therefore be

made up of complex substances, and of these pnrt must

be proteids, since the Body canntilize ni trogen for tiesue
formationonly when supplied wi th it in that form . The

bodiee thus takeninare sooner 01° later broken down intr»
simpler and eliminated ; some at once in order to yield
energy, others only after hav ing first been buil t up into
part of a l iving cel l. The partial exceptions afiorded by
aueh law to the Body es milk for suckl ing the young,
01° the alhnminons and fatty bod ies stored for the same

purpose inthe egg of bird
,
are only epparent; the chemi



of the ofispring instead of that of the perent. Inall cases
animals are thus, eeaentially, proteid eonsnmere or westere,

and breakers downof complex bodiee; the carbon, hydro
genundni trogenwhich they take 8 8 foode in the form of

complex unstable hodiee, ul timate leaving them in the

eirnpler eomponnde, carbon dioxide, water, and nrea

which are incapable of ei ther yielding energy 01° building
tissne for any other animal and 80 of sen ing it as food.

Theqneetionimn1ediately suggeete iwelf‚ How, sinceanimele
are constantly breaking np these complex bodies and can

not againbui ld them, is the supply kept up For exam
plc, the supply of proteids, which cannot bemade erfifieially
by any process which we know, and yet are necessary fooda
tor all animals, and dai ly destroyed by them.

The Food of l’lenta. Aa regarde our own Bodiee the

questionat the end of the last paragraph might perhape be
answered by saying that we get our proteids from the flesh

of the other animals which we eat. But, then, we have to
account for the possessionof them hy them animals; since
they cannot make them from area andw hendioxide and
water any more thenwe can. The animals eatenget them,

infact, from plants which are the great prote id formen of
the world , so that the most earnivorone animal real ly de
pends for itsmost essential feeds uponthe vegetable k ing
don1 ; the fox that devenrs here inthe long run l ives on
the proteidsof theherhe that the here hadprev iously eaten.

All animals are thus, in eertmn sense , parasi tes; they
only do half of their own nntrit1ve work, just the final

M 08 , leaving all the rest to the vegetable k ingdom and

using the products of i ts lehor; und plante are able to meet
this demand because they canl ive onthe simple compounds
of carbon, hydrogen, andni trogeneliminated hy animule.
building up ont of them new complex enhetenees which
animals eennee as food. A greenplant, suppl ied with em
mania seite, carbondioxide, water, and some minerale, wil l
grow‚

andbui ld up large quantitiesof proteide, tuts, etnehee,
end simi lar things; it wi ll pnll the stable mmpennds eli
minnted by emmels to pieces, and build them up into 00m
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plex unstable wdiee, capable of yielding energy whenagain
broken down. However, to do euch work, to break up
stable eomhinetions andmake from them less stable, needs
a supply of k inetic energy, which disappeare inthe process
being stored away as potential energy intheneweemwnnd
andwe may z1ek whenee it is that the plant gets the supply
of energy which it thusntilizes for chemical construction.

since itssimple and highly oxidized feeds eenyield itnone.

It has beenproved that for this purpose the green plant
uses the energy of snnlight : thoseof i ts cellswhich contain
the snbstenoe cal led chlorophyl (lee! green) have the power
of uti lizing energy in the form of light for the perform
ance of chemical work, just as a stearn-engine can ntiliw

heat for the performance of mechanical work. Exmsed to

light, and reeeiving carbondioxide from the air, andwater
endnmmenie (which is produced by the decomposi tionof

nme) from the mil, the plant bui lds them np again
,
wi th

the el im inationof oxygen, into complex bodies like these
which animals breke down, wi th fim tion of oxygen.

Some of the bodiee thus formed it uses for its owngrowth
and the formation of new protoplasm , just as an animal
does; but insunlight it forms more thanit uses, and the
exeees stored 11p in its tissues is used by animals. Inthe

long run, then, all the energy spent by our Bodies comes
through mil l ions of miles of space from the sun; but te

seek the source of its supply there would take as far out of
the domainof Physiology (see Aetmnomy).
Non»0x idimble Foods. Besides onr oxidizable feeds , 11

large number of necessary food materials are not oxidize»
hie, or at least are not oxidized inthe Body . Typical in
stances are afforded hy water and common ealt. The use

of these is ingreat part physical : the water, for instance .
dissolvesmaterials inthe alimentary canal , and earriee the

solutions through the wal ls of the digestive tnhe into
the blood and lympl1 vessels, so that they can be carried
from part to part ; and it perm i te intemhengee to go onhy
diffusion. The sel ines also influence the solubility and

chem1eel inte1whm1gee of other things present with them.

Serum nlhnrnen, the ch ief proteid of the blood, for example,
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and for which et!ects they are taken. Inother words, their
influence as stimul i in exciting certain tim es to liberate
energy, er es inh ibitory agente check ing the activity of

parts, ismoremarked thanthei r direct actionas force gen
eratore. A8 examples, we may take condiments: mustard
and pepper are not of much use as sources of energy, a.]
though they no doubt yield some; we take them for their
etimnlating eflect on the month and other parte of the
alim entary eenel, by which they promote an increased flow

of the digestive secretions or an increased appeti te for
food. Thein, again, theactive principle of tee andcoffee, is
takenfor its stimulating efleet onthenervonesystem, rather
thanfor the amount of energy which is yielded by its own

oxidation.

Condi tions whieh a f 'ood muß Fulflll. (1) A food
must contain the elements which it is to replace inthe
Body : but that alone is not außeient. The elemente leav
ing the Body being usual ly deeived from the hreaking down
of wmplex substances in it, the food must contain them
either inthe form of such complex substaneee, or informs
which the Body can build np into them. Free ni trogen
and hydrogenarenonee as feeds, since they arenei ther exi
di3eble under the condi tions prevai ling 1n the Body (and°

consequently cannot yield it energy), ner are they capable
of construction by it into its tissues. (2) Food after it
has been swallowed is stil l in strict sense outside the
Body ; the alimentary eanal is mer e a tube running
through it, and so long as food lies there it ie not ferming
any part of the Body proper . Henee feeds must be capa
hle of absorptionfrom the alimentary eannl; either directly,
01

°

after they have beenchanged by the processes of diges
tion. Cerhon, for example, isno nee as a food, not mer e
because the Body could not bui ld it up into itsown tissues,
but because it cannot be absorbed from the elimentarv

eenel. (3 ) Neither the enhetanee itself nor any of the

pmdnete of its trensformation in the Body must be inj11
rione to the structure or acti vi ty of any organ. If so it 18
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emmnonly call foede are, inneerly all cases, mixturee of
several foodetufie, wi th substanees which are not feeds at

all. Breed ‚
for example, contains water , selbe, gluten

proteid ), some tete, much stareh, and a l ittle enger; all true
foodstnffs : but mixed Wi th theee is 11 quanti ty of eellulose
(the chief chemical constituent of thewal ls which snrmnnd
vegetable cel ls), and this is not a food since it is incapable
of absorptionfrom the alimentary eenal. Chemical exam i
nation of all the common articles of d1et shows that the
actual number of important foodetnfie is but small : they
are repeated invarious proportions in the difierent things
we ent, mixed wi th smal l quanti ties of different flavoring
anbetenees, and so give 118 a pleasing variety inour meale;
but the essential m bstanees are much the m e inthe tere

of the workman and in the “ deliceeies of the season.

”

These primary foodstnffs, which are found repeated in 80

manydifierent feeds, are knownas alimentarypfincip lesf
’

and the physiological value of any article of diet dependn
on them far more than on the traces of flavoring matters
which cause certainthings to be especial ly sought after and
so ra1ee their market value. The alimentary pri

‘

nciplee

may be conveniently classifie<l into proteids, albuminoids‚

hydroearhone, earbohydratee, end inorganic hodie&

Ioodstnfls the most important are proteide: they form an
essential part of all diete, and are obtained both from
animals undplante. The most commonand abundant are
myosinand syntoninwhich exist inthe leenof all meets;
egg albnmen; easein, found inmi lk andeheeee; glutenand
vegetable w einfrom various plante.
Albuminoid Ahm entary Princip les. These also con

tainni trogen, but cannot replace the proteide entir e as

f00d8
_
; though mencanget onwith lese proteids whenhe

has some albnminoide inaddition. The meet important is
gelatin, which is yielded by the white tibrons tiesuo of
animals wheneooke<l. Ou the whole the albuminoids are
not feeds of high value. and the ealf’e-foot jelly und such
compounds, often given to invelids, have not neu ly the
nntritive value they are commonly supposed to passen.
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Eydroeerbone (fiats and Oüs). The most important
are ste3 rin, palmatin, margarin and olein, which exist 111
various proport iens in animal tete and vegetable oils; the
more fiuid containing meet olein. Butter consiste ehiefiy of
11 Int known8 8 butyrin. All are neutral compounds of gly
eerine endfetty acids and, speak ing generally‚ any euch euh
etance which is fusible at the temperature of the Body wil l
serve as food. The steerinot beef and mntton tete is
not hy i tself fusible at the body temperature, but ism ixed
in those feeds with so much oleinas to he mel ted inthe
al imentary a nal . Beeswax , on the other hand, is fatty
body wh ich will not welt inthe intestines and so peseee on

nneheorbed; al though from its composi tion it would be
neen as a food eonld it be digested. It is convenient to
distinguish fate proper (the ad ipose tissue of animals
mnaieting of tatty compounds indeeed innlhum inons cel l
wnlls) from 0118 , or fatty bedieswhich arenot so surrounded.

03 t bohy dratg . These are mainly of vegetable origin.

The meet important are March, found inneerly all vege
tahle feeds dextrin; gums; grapoenger (into which stereh
is converted during digestion) ; end cene sugar. Sugar of
milk andglycogenare alimentary principlee of th is group,
derived from animals. All of them, l ike the tete, eoneiet
of carbon, hydrogen and oxygen; but the percentage of

oxygen in them ismuch higher, there being one atom of

oxygenfor every two of hydrogenintheir molecule.

Inorganie Foode. Water; commonsel te; and the chlo
ridee, phosphates, end sulphates of potassium, magnesium
nndcelcit11n. More 01° leseof these bodiee, or the mnterielg
for their formation, existe in all ordinary articles of diet.
so that we do not swallow them ina separate form. Ph05»

phate11, for example, exist innearly all animal andvegetablr:
feeds; wh ile other feeds, casein‚ containphosphorns 111
combinations which in the Body yield it up to be ox idized
to form phosphoric acid. The same is true of sulphates,
which are pm tielly swallowed as sneh invarious articles of
diet, and are partly formed inthe Body by the oxidationof

the enlphnr of various proteide. Calcium ealts are abnn

dant inbread, and are also found inmany drinking Waters.
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andexpended during heking , forms cavi ties init andeauses
it to rise”

and make l ight hreed, ” which is not only
more pleaeent to eat butmore digestible thenheavy. Other
eereele may containa lerger percentage of starch but none
have so much glntenas wheat ; whenhreed is made i tem
them the ea1bondioxide gasescapes 80tesdi from the lese
teneeionedongh that it doesnot expand the mass properly.
Corncontains in1000parte, 79of protei ds, 637of starch , and
from 50 to 87of fete; much more thanany other kind of
grein. Et

°

ee is poor inpm te ide (56 parts in1000) hat very
rich instareh (823 parts in Pens andbecme are rich
inproteide(from 220to 260ports in andcontainabout
half their weight of starch . Potatoee are a poor food. They
contain great deal of water and cellnlose, andonly about
18 pu te of prote i deand 154 of etnreh in1000. Other £reeb
vegetables, as earrote, turnips and eahhcgee, are valuable
mainly for the ealts they contain; their weight ismainly cine
to water, and they contain but l i ttle eterch, proteide,
01

° tete. Fruits, l ikemeet fresh vegetables, aremainly val u
ehle for theirse l ine eonetitnente, the other foodstnfl’

s inthem
being only present in small proportien. Some form of

fresh vegetables ia, however, a neoesuary article of diet ; 118
shown by the senny which need to prevai l among seilore

before fresh vegetnblee 01
° lime-juice were supplied to them.

The Cook ing of Vegotobles. Thie ie ofmore importance
even thenthe cook ing of fleeh , since inmeet the mainali
mentary principle is atareb , and raw stereh is diä enlt of
dip etien. In plante etareh is nearly always stored up in
the form of sol id gm nlee, which consist of altemeting
layen (rl starch cellulose and starch granuloee. The dige&
tive Guide turnthe starch into grepe enger which is soluble
and canbe eheorhed from thedimentary eanal, while starch
i tself cannot. Now these finids act very slowly and imper
feetly on raw stereh , and then only on the granulose ; but
when boi led , the etareh gmnnlee w ell up , and are more
rea li converted into grape enger ; und the stnreh cellulose
isso eltered that it too undergoes that change. Whenetnreh
is masted it is turned into a enhetanee knownas solat ie
m h which is reedily dieeolved in the ahmentny eanal.
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There is therefore scientific fonndation for the common
bel ief that the ernst of a 1081 is more digestible thanthe
crumb, and toast thanordinary hreed.

Al coh ol . There are perhaps no common articles of

d iet concerning which more eontradie*ory statements have
beenmade thanaleoholie dr inke. This dependeupontheir
pecul iar position: according to quanti ty or eirenmstaneee

alcohol may be poisenor food ; and 118 a food it may be

regarded ei ther as 8 force regulator or a force generator.

There is no doubt that alcohol incertaindoeesmay be prop
perly cal led a food. If not more than two onneee (which
would be conta ined inabout four ounces of Whiskey 01° two
quarte ef lager beer) are taken inthe twenty-fenr hours, it
is eompletely oxidize<l in the Body and excreted 88 water
andcarbondioxide. In this oxidationenergy is of course
l iberated end canbe util ized . Commonly, however, aloe
hol isnet takenfor this purpose bet, as force regulator,
tor its influence onthe nervons system 01

° digestive organs,
and it is inthis capacity that it becomes dangerous. For

not only may it be taken inquanti ties 80 great that it is
not all oxidized intheBody but is passed through it as aloe
hol , 01° even that it acte 118 a narcotic poison 1nstead of 11

stimnlent, but when taken inwhat is cal led moderation
there eenbe no doubt that the constant whipping up

”
of

the flegg ing organs, if continued , must be dangerous to

their integri ty. Henee the daily 1188 of alcohol mer e 111

sneh quantitiesas to produce sl ight exlnlaration01° to fae1h
tete work is by 110means safe; though indisease when the

system wants roneing to make some special eflort, the phy
siciencannot dispense wi th it or some other similarly act
ing substenee. Infact, aaa force generator alcohol may be
adventegeonely replaced by other feeds in neerly all cases;
and there is no ev idence that it helps in the construction
of the work ing ti 88ne8 , though its excessive use often leede
to anahnorn1al aecnmnlationof fat. Its proper nee 18 es

11 whip, ” and one has no more right to nee it to the

heal thy Body than the 185h to overdrive wi ll ing horse.

The physieianis the pmper personto determ ine whether it
[8 wanted under any giveneircnmstnncee.
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mbotaneeo. About 300 gmms (4ö20 grüne) d n tex

(eont1uning 33 .8 gmme (513 grains) of hydrogenare, how
ever, formed 1nthe Bod y by oxidation, end the hydrogenfor
th i: purpose must be supplied 1nthe form of some ond1za
hle food8 tttfl, whether proteid , fat, or earbohydraha. The

oxygenwanwd ismainly received from the air through the
lange, hat some is takeninthe food.

Since proteid feeds containcarbon, ni trogenend hydro
gen, l ite may be kept up on them alone, wi th the necessary
ealt11, water and oxygen; hnt such form of feeding would
he anything but eeoncmical. Ordinary preteide containin
100parte (p. 10) about 52 of carbonand 15 of ni trogen, 80
11 man{edonthem alonewould get abont 3} parteof carbon
for every 1 of nitrogen. His dai ly lessee are not in this
ratio, but about that of 274 grame (4220greins) of carbon
to 20gm1ne (808 grains) of ni trogen, 01° 118 to 1 ; and
80 to get enough carbonfrom prote ide far more than the

neeeasary amount of nitrogen must be taken. Oi dry

p mteide 527gmme (8116 greins) would yield the necessary
eethen, but would conta1n 79 gramm (1217 graine) of
n1trogen; 01

° four times more thanisnecessary to cover the
dai ly leseee of that element from the Body. Fed on 8

pure proteid diet 11 manwould, therefore, have to digest a
met quanti ty to get enough carbon, and in eating and

uhwrhing it, 118 wel l 88 ingetting 1°id of the extra nitrogen
which is useless to him, great deal of nnneeeeeary lahor
would be thrown upon the verione organe of his Body.

S imilarly. 1f 11 manwere to l ive on hreed alone he would
b111°de11 hie organa with much useless work . For bre11d
wntwnshnt l ittle ni trogeninproportionto its w hen, and
80. to get enough of the former, far more carbonthanwas
uti l ized would have to be eaten, digested , and el iminated
daily.

Aeeerdingly , we find that mank ind ingeneral employ 11
m1xed diet when they canget it, using richly proteid 8111)

stances to supply the nitrog en needed , but deriving the
w henmainly from non-ni trogenous feeds of the fatty 01°
w hohydmte groups, and 80 evmding excess of ei ther. For

inetnnoe. leenbee! oonte1ns about of its weight of dry
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proteid . which contains 15 per cent of ni trogen. Com e.
quently the 133 grams (2048 grain8) 91 proteid_

which
would be found in 532 greme (1 Ih. 3 oz. ) of leenmeet
would supply all the ni trogenneeded to eompeneate for 8
day

’
c lossee. But the pm teid contains 52 per cent of

earhon, 80 the amount of it in the above weight of fatless
meet would be 69 grams (1062 grains) of carbon, leaving
205 grame (3157grains) to be got ei ther from fate or een
hohydratee. The necessary amount would be eonteined

111 about 256 grame (3942 graine) of ordinary tete 01° 460
grams (7084 graine\ of starch ; henee ei ther of these, with
the above quantity of leenmeet, would form a far better
diet, both for the pnree and the system , thenthemeet alone.

A8 already pointed ont, neerly all commonfeeds contain
several foodetufie. Ordinary bntcher’

s meet, for example.

contains neerly half 1te weight of tat; und hreed, besides
proteids, contains sterch, tete, and enger. Innone of them ,

however, are the foodstnffe m ixed m the physiologicelly
best proportions, and the practice of employing several of
them et each meal 01° diflerent enee et diflerent meala
during the day , is thus not only agreeable to the pelate but
in a h igh degree udvantageone to the Body. The strict
vegetar1ans who do not employ even such anbetencee 118

egge‚ cheese, endmi lk , hnt eonfine themselves to a pnrely
vegetable diet (euch 98 isalways poor inproteide), dai ly take
far more carbonthanthey require, andare to be eongratw
lated on their excellent digest ione which are able to stand
the strain. Those who nee egge, cheese , etc . , canof course
get onvery wel l. smce such substances are extremely rich
1n proteide, nnd supply the ni trogen needed without the
necessity ef swal lowing the va.st bulk of food which must
be eaten inorder to get it from plante directly.



CHAPTER XX I .

THE ALIMENTARY CANAL AND ITS APPEN
DAGES.

General Arrangement. The al imentary eenal is essen
tially en involuted portionof the skin

,
special ly set

for absorption, and forming a tube which rnns through
the Body (Fig. it communicatee with the exterior at

three points (the nase, the month, and the anal aperture) .
at which this modified skin, 01° mam a membrane, 18 een

tinnone with the general enter integument. Supporting
the l ining absorptive membrane are other layers Which
strengthen the tube, end are also in part muscular and,

by their eontreetions, serve to pass materials along it from
one end to the other. In the walls of the ennnl are

nnmerens blood and lymphatic vessels which carry 011 the
matters absorbed from its cavi ty ; and there 8 180 ex ist 111
connectionwith it nnmerone glcmds, whose functionit is te
pour into it various secret which exert solvent influ
ence oneach foodstufis 8 8 would otherwise weepe ahearp
tion. Some of these gh1nde are m inute end imbedded in
the wal ls of the al imentary tube itself, but others (such
118 the sal ivary glamis) are larger nnd lie away from the

mainchannel , into which their productsare carried by dnete
of various lengths.

The al imentary tube isnot uniform but presents several
dilatationsonits course; nor is it straight, since, being mueh
longer thanthe Body, it is peeked away by being eoiledup
inthe abdominal cavi ty.

8nbdivieione of the Al imentary Canal . The month
opening leads into a chamber containing the teeth and

tongue, the month chamber 01° Mom ! cam
'

ty . This is 8fl 0°
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two semicircles, formed by the hordere of the upper and

lower jew-bonee, wh ich are covered by the game, except et
intervale along their edges where they eontain sockete in

which the teeth are implanted . During l ife two sets of
teeth are developed ; the first 01°milk set appearssoonafter
birth and is shed during childhood , when the second
01

°

permanentset eppem .

TheWeth difler inminor points from one another, but
in all three parte are distingnishahle; one, seen inthe

month and called the crownof the teeth ; a second, im
bedded inthe jew—hone and called the root 01°fang; end

between the two, embrace<i by the edge of the gem, iß a

narrowed portion, the neck 01° cefm
'

z. From diflereneee in
their form and uses the teeth are divided into ineisere,
cam

'

nes, bicuep ide, nndmolars, arranged in defini te order
in each jaw. Beginning at the m iddle l ine we meet in
each half of each jaw with , succeseively, two incieore, one
eanine, and two molare in the m ilk-set; making twenty
altogether inthe two jan . The teeth of the permanent
set are thirty-two innnn1her, eight in each half of each
jaw, viz.— beginning at the m iddle l ine—two ineisers, one

eanine, two bicuspide, end three molare. The bienspids, 01
°

premolars, of the permanent set replace the m ilk
whi le the permanent molars are new teeth added on8 8 the
jaw grows, and not substi tuting any of the mi lk teeth.

The hindmost permanent molars are often called the wie
dem teeth.

Charactere of Individual Teeth . The ineisore (Fig.

90) are adapted for cutting the food. Their crowns are

ch isel - shaped and have sharp horizontal entting edges,
which become warn away hy nee so that they are beveled
off beh ind inthe upper row, and inthe opposi te direction
in the lower. Each has a single long fang. The oam

'

nes

(Fig . 91 ) are somewhat larger then the ineieere. Their
crowns are thick and somewhat conical , having a central
po int 01° cusp on the cntting edge. In doge, eete, and
other carmvora the canines are very large und 8 118d for

seizing and holding p 1ey. The 510148p t
'

d8 or p remolore

(Fig . 92) are rather shorter than the caninee and their
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ermmnare somewhet enhoidel. Each has two eneps, an

enter towards the eheek, and an inner on the side turned
towards the interior of the month. The fang iscompreeeed
laterally, and has usually groove pertinlly subdividing it

no.n Fee. 81. m n.

m . m.
- u Indoor toea .

fl .
—A m l.: m

into two. At ite fip the sepm tien is often complete.
The meter teeth ar grindon (Fig. 93 ) have large crem e

with brand surfm e, onwhich are leur 01°five pmjeoting
tubercles, which mughenthem andmake “

i
.;1 better adapt

ed to crash the food .
a has usually eeveeel fange The

milk teeth 0111y difler in enbeidiery
the a me names inthe permanent eet.

8 . e 1 wn 5
-
°fo iif

_jo ;.j
_t If a « 1 ! be broken om

a cavity ex tending both erewn end fang wi ll be
found init. Thin18 during life with a soft 118 1

pulp, end henee ia 88 the pu1p cavity
”

(13, Fig .

The hard parts of the tooth elasw ed around the pulp
mvity consist of three diflerent t1®11 Of these one im
med1ately surrounds the & v1ty end makee up most of the
bulk of the teeth ; it is (2, Fig. covering the
dentine onthe crownis the M M (1 , Fig . 94) and, onthe
fang, the (3 , Fig.

The pn1p cavi ty opene below by nem w aperture at the
tip of the fang, or at the tip of ewh 11 the teeth has mm
thanone. The pnlp eonm

'

ete mainly of eenneetive tim e,

hat ita enrh ee next the dentihe ia covered by layer 08
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colummu' cells. Through the opening onthe fang blood
veseeh1 andnervee enter the pulp.

The dentine yields onchemi cal analysis the samemete

M—Oectton throu
gh}; g

remolar tooth of the m il tmb0ddod in 115
cement 4‚ the gum 5. 18e bone ot the lower

JD' . C‚ M PWP

riels ae bone but is somewhat harder, earthy matters con
stituting 72 per cent of it as against 66 per cent inbone„
Under the mh rowope xt is reccgüzed hy the fine dmlind
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the tongne. They am easily mmgnimd on the living
tongue by their bright red color. Thefiliform pap illa ,

most numerous andsmallest, arewattered all over the dor»

uppermrfw e ol tbe tongue. l.&cimumvfl h te p?
ma z f\m°

M ä cp i

sum of the tongue except near i ts base. Each is conical
eminenoe covered by thick homy layer of epithel ium.

It 18 these papillaawhich are so highly developed ou the

tongues of Carni vora, and eene them towrapehones clew



THE SALIVARY GLANDS. 815

of evenaueh tough structures es ligamente. Tamed tigen
have beenknown to draw blood hy licking the hand of their

Note. In health the surface of the tongue is meist,
covered by l i ttle fur,

”
and inchi ldhood of a red 110101 .

Inadul t life the natural color of the tongne ia less red, ex
cept around the edges and tip ; a bright red glistening
tongue being, then, usual ly a symptom of disease. When
the digestive organs are deranged the tongue is commonly
covered with think yellowish coat, composed of a li ttle
mucns, few cel ls01 epithel ium ehed from the surface, and
numerous m icroecopic organiems known as bacteria; and
there is frequently 11

“ had taste in the month. The

whote al imentary mucons memhrane is 111 close physioo

logical relationship ; and anyth ing disordering the sto

mach is l ik e to produce a furred tongue.

”

The Sali vary Glu ds The sal iva, which is poured into
the month andwhich, m ixed with the secretionof minute
glands imbedded in its lining membmne, meistens it, is
secreted hy three pairs of glands, theparolid‚ thembmazil

lary and the m blingual. The parotid ghmds lie infront
of the car behind the ramus of the lower jaw; each sende
its scomtion into the month by a tube known as Simon

’
x

duct, which crossesthe check andopens opposi te the second
upper molar tee th . In the disease known as mm ;»the

panotidglands are iuflamedandenlarged. The submaxi llary
glands lie between the halves of the lower jaw-hone, near
1ts anglee, and their dncts openbeneath the tonguenear the
m iddle line. The eublingual glands lie beneath the floor

of the month , covered by its mucous membmue, between
the hmh part of the tongue and the lower jaw-hone. Each
hasmany duete (8 to some of which join the euhmaxil
lary duct, while the rest openseparate inthe floor of the
month.
The Faueea is the name givento the aperture which can

be seenat the back of the month (Fig . leading from it
into the pharynx below the soft palate. It is hounded
above by the soft palate anduvula, below by the root of the
tongue, andonthe eidee hy muscular elevations, covered by
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mneouemembrane, which reach from the soft palate to the
tongue. These elevations are the p i llars of the forum .

Each hifurc»tes below, and inthe hollow betweenits div i
sions l ies {011851 (7, Fig a eoft rounded body about the
size of analmoud, and eontaining numerousminute glands
wh ich form mueue.

Note. The tonsi ls not untreguently become enlarn
during 11 cold or sore throat, and thenmessing on the

Eustachian tube (Chap. which leads from the

pharynx to the middle em , keep it closed andproduce tem
petary deafness. Sometimes the enlargement is permanent
and causee much annoyance. The tonsi ls can, however, he
readi removed without danger, and this is the treatment
usually adopted insuch cases.
The Pharynx or Threat Cavi ty (Fig. This por

tionof the alimentary camel may be described as coni cal
bag wi th its broad end turned upwards towards the base of
the sha l l, and its narrow end downwards andpassing into
the gul let. Its front is imperfect, presenting aperturea

which lead into the now , the month , and (through the

larynx andwindpipe) into the lange. Except when food
is being ewalh med the soft palate hangs down betweenthe
month and pharynx ; during deglutition it is raised into a

horizontal posi tionand separates an upper or resp 1
'

m lory

portion of the pharynx from the rest. Through th is
upper part, therefore, air alone paswe, entering it from the
posteri or endeof thetwonostril ehambers;while through th
lower portionboth food andair pass, one onits way to the

gullet, Fig. 89, the other th1011gh the laryn x , (I, to the
windpipe, c ; when 11 momel of food goes the m *

oug
way

”
it takes the latter course. Opening into the upper

portionof the pharynx oneach side is anEustachiantube.

9 : so that the apertures leuding out of it are seveninnum
ber; the two posterior nures, the two Eustaehiantubes, the
fauees, the opening of the larynx , and that of the gul

let. At the root of the tongue, over the opening of the
larynx, is plate of carti lage, the epiglottis, e, which canbe
seenif the month is wid e 0pe11ed and the back ef the

tongne pressed down by some euch thing as the handle of
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apron. After middle life much fat frequently ace a
in the omentum , 80 that it 18 large reepone1ble for the
fair round bel ly w1th good eapon lin

’d. " The protmeion

to the left side of the eardiae orifiee, Fig . the

dus or great ou! da me. The eiee of the stomach varie8
greatly with the amount of feed 111 it; just after 8 mode.

mte mea l it is about ten inehee long, by five wide at its

broadest part.

known m eceesively [rom without in88 the 88 10118 , the mus

cular, the submueous, and the maeons. The m aus coat is
formed by 8 reflex mnof the peri toneum, a double feld of
which slinge the stomach ; after separating to envelop it the
two layers again nni te and, hanging down beyond it, form
the great omentum. Themuscular cool Fig. eoneiete of
unstr i ped musewhu tissuearranged inthreeMyers: 8 11 outer,
longi tudinal, meet developed about the curvatures; 8 ciren

evenly 8p1°611d over the whole org1m , exeept around the
pylori c orifice where it forms a thiek ring ; and 8 11 inner,
obl ique and very incomplete, radiating from the eardiae

o1i fiee. The submueow coat is made up of 1111: 8 1 8018 1

tissue and hinde loosely the mucons coat to the 1111180111111 .

The ir1q coat is 11 meist pink membrane which is
inelasfie, and large enough to l ine the stomach evenly when
it is fully distended. Accordingly, when the organ is

empty and shnmk, this coat is thrown into folds. Duri ng
digeet1

'

onthe arteries supplyi ng the stomach become dflated
and , its capillaries being gorged, its mucoue memhrane is

thenmuch redder thanwhenthe organ is empty.

The blood-vessels of the stot run to it betweenthe
folds of peri toneum which eling it. After giving off a

few hranchee to the outer layers, most of the arteries
break up into small hrenehes inthe euhmncous coat, from
which twige proeeed to supply the cloee capillary network
of the mueoue membrane. The pneumogaetrie nerves

(p. 171) end inthe stomach, and it also getshmnches from
the sympathetic system .

nation of the inner surface of the stomach with 8 hand

P. 124.
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lem shows it to he m eredwith minute ehallow pite. Into
these openthe months of m inute tubee, the gastrt

'

ogkmde,
which are closely paeked side by side in the maeons
membrane; there being betweenthem only a small amount
of eonnectivo tim e, close network of lymph-channeln,
and capillary hlood-veseela. The whole surface of the
mucous membrane is lined by a single layer of eolumnar
epithelium cel ls (Fig. These cl ip down and line the
tubular glend8 , being in some (especially those about the
pylor ic end of the atomwh) hat li ttle modified in appear
anee (0, Fig. Inothers the epithehal cells become
shorter and cuboidul‚ and

have beneath them and11,
Fig.97) 8 weond incomplete
layer of much larger oval
06118 , 4. The glands of this
second kind are the most
numerone, and have been
called peptic glzmds from
the idea that they alone
formed popm

'

n, the eeeential
digestive ingredient of the
gaatrie juice; this is how
ever by 110 means certain.

The peptic glande h eqnently branch at their deeper
ende.
m Py lorus.

If the stomach be opened it is seenthat
the mucous memhrane projects ina fold around the pyloric
oriflce and narrows it. This is due to thick ring of the
circu lar muscular layer there developed , and forming
xpkincter muede around the orifiee, which in life, by its
eontracfion, keepe them enge to the small intestines closed

Note. The eardiae endof the stomach lying immediately
beneath the diaphragm. which has the heart on its upper
side, e$er—dmtensionof the stomach ‚ due to indigeetion08
flatulenee, may impede the actionof the thoracic organs,M
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0111186 feeliuge of oppression in the cheat , or palpi tationof
the heart.
The Small Inteet11m‚

commencing at the pylorus, ende,
after many windings, inthe large. It is about six meter8
(twenty feet) long, andabout five centimetere (two inehee)
wide at its gastric end, narr0wing to about two thirds of
that width at its lower portion. External ly there are no
l ines of mhdivisiononthe small intestine, but anatomists
arbitrari ly deserihe it 8 8 mnsieting of three parts; the first

twelve inchesbeing theduodenum, the succeed ing two fifths

of the remainder thej ej unum, and the rest the 17mm.

Like the stomach ‚ thesmal l intestine p08 888868 four eouta
11 88 10118 , 8 11111 801118 1 , 811b1111100118 , and 11 111 1100118 . The

sereus coat is formed by a duplicature of the peritone11m ,

but presents nothing answering to the great omentum ; th is
double feld , slinging the intestine 118 the 8 111111] omentum
sl inge the stomach, is called the ma entery . The mwwwla r

coat is 0mnpowd of plain1111180111111‘ tissue arranged in two
strata, an outer longitudinal , and an inner tram verse or

ci rculer. The submucous coat is l ike that of the st0m110h
consisting of 10088 tissue, b indi11g together the 11111
00118 und [1111801118 1' coats, and form i11g bed inwhich the
blood nnd lymphatic vessels (which reach the intestine in
the feld of the mesentery) break up into minute bmnchee
before entering the 111 1100118 memhmne.

TheM1100118 Ooet of the Small Inteatine . This ispink ,

soft, and extremely vascular. It does not present tempo.

rary or eflaceahle folds l ike those of the stomach, hat is.

throughout great portionof its length , raised up i 11to per
manent transverse folds in the form of cmmentic ridges.

each of which transversely for greater 01° 1888 wa).
ronnd the tube (Fig. These folds are the valvulm

mnnivm tes. They are first found about two inches from
the pylorus, and are most thickly set and largest in the

upper half of the jejun11m ,
inthe lower half of which they

become gradually 1088 00118pi0110118 ; andthey finallydisappwr

altogether about the middle of the i le11m . The folds
serve greatly to increase the surface of the mnccm

‘

e mem

hrane both for absorptionand 8801 86011 , and they 8 180 de
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outside the heteale and. beneath the 11111801118 1 layer, is 8 01088
network of blood—vemela
Opening on the surface of the smal l intestine, between

the h8 888 of thevilh
'

, 8 18 email glands, the cryp ts of Lieber
Icühn. Each 18 8 simple unbranehed tube lined by 8 layer
01 0011111111111 08118 sim ilar to that which covers the villi and
the surface of the mucous membrane between them. In

a m

sä uetme they greatly m emble the 18 1180118 gh ada of the
etomach (a, Fig. In the duodenum 8 18 10m d

minute glands, the glands of B runner. They 110 in the
submue°us coat 8 1111 88 1111 their due“ through the mueoua
membrane to open011 iminner eide.

The l a rge Inteeüne‚
term ing the final 1 1 1 01 the

dimentary 08 1181, inabout 1 .5 meters (5 M t) long, end

veriee indim eter from about 6 to 4eentimet = (2} t
o

inehes). Anetomiste deserihe it 88 eonaisting 01 the
with the wm gform appondirc, the 001011, 8 11d the
TM m ail intmtine dm not open into the wmmeneemeht
of the large but into its side, some aim ee from ite elw d
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upper 81111, 8 1111 the 08 0001 is that ‚part 01 the large intee»
tine which extende beyond the 00mm11111011t1011. F10111 it

projects the vermiform appendix, 8 118 1 1011 t11henot thicker
than 8 00118 1 pencil, 8 1111 about 10 centimeters (4 inches)
long. The 001011 0011118 011008 on the right side of the
8hd01111118 1 cavi ty where the 8 8 18 11 intestine communicate11
wi th the 18 130, 1 11118 up 101 801110way 011 that side (ascend
1
‘

ng then erm the middle l ine (tranm rse wlan)
below the st0m eh‚ 8 1111 t111 118 down (W ing 001011)
onthe left side 8 1111 there makes 8 11 8 °8 1111P0d hend known
8 8 the sigmoidW ; from this the m twn, the term i
1181 straight portienof the intestine, pmeeeds to the 8 118 1
opening, hy wh ich the dimentwy 08 1181 communicatea

with the exterior. Instructure the large intestine presents
the 88 1118 008 118 8 8 the 8 111811. The external stmtum of the
11111801118 1 coat isnot, however, developed uniformly around
it, exeept onthe 1 80t11m , but 0008 18 i11 three h8 1ic18 separated
hy intervals in which it is wanting. These h8 11118 being
8h01t81 thanthe rest of the tube 08 1188 it to be puekemd, 01
sacculated ‚ betweenthem. The 1111100118 coat 1108888888 110
v111i 01 valm lse wnnive11tee, hat 18 usual ly th10w11 into
eflaoeable f01(18 , like those of the st0mw h but smaller. It

containsnumerous eloeely set glands much like the erypts

of Lieberkühnof the smal l inteetine.

m w m, vum . Where the 8111811 intestine j01118
the large there is 8 formed by two flaps of themneous

membrane doping down into the 001011, 8 1111 80dispowd 8 8

to al low matters to pass 101111i from the ileum into the
large intestine but not the other way.

The Lim . Besides the secretiens formed hy the glands
imbedded inits wal ls, the small intestine recei ves those of
two other large glands, the 11001 8 1111 pancreas, which lie
in the abdom inal cavi ty. The duetti of both open hy 8

commonaperture into the 11110118 1111111 about 10centimeters
(4inches) from the pylorus.
The liver is the largest g1111111 inthe Body, weighing from

1400to 1700grams (50t064 It 18 si tuated 111 the

upper part of the 8h110111
'

11181 eavity (lo, le , Fig. 1) , 1ather
m eonthemght than011 the left 81118 8 1111 immediately below
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the diaphragm, into the concav ity 01 which its upper 8111
face ti ts; it 18 1101188 across the m iddle l ine above the pyloric
endof the 8te111ee11. It 18 of dark 1 811111

'

8h-h101111 00101 ,

andof 11 soft friable texture. A deep fi88 111‘6 incomplet e
divideethe 01g1111 inton

'

ght 8 1111 left lobes, of which the righ t
ismuch the larger; 011 its 1111118 1 a 1108 (Fig. 100) 8h8110W01

'

grooves mark 011 88V01
‘

81 m inor lobes. Its upper surface
18 emooth 8 1111 COIIVBX. The V888818 carrying blood to the
111 8 1 are the portal 08111, Vp , and the h8pd 1

'

1: artery both
enter it et 8 fi881118 (timportalfieeure) 011 im8 111181 81118 , 8 1111

there 8 d11et 8 011t eech half of the 0138 11 .

Flo.
—The under 8 11 11008 01 the “ver. 4. fight.M e.18 11W ' V». heu t!»

« 111 : V9. portal 1 8 111 ° V0. m a 00m 11118 1101 ; Daß. W M ; 00
„8 11: dm zm.W em ; Vf. cell»bM der.

Theductennite t0101 111 theW HOduct, Dh, whieh 1 1 at

8 11 8 8 11t8 8 11g18 , the cysi 1
'

c dual, Do, proceetling b om the

gel l—bladder, Vf, 8 peer-shaped 88 8 inm e the hile, 01 gel],
formed by the l iver, aeeumulateewhen 1 1 1 1 18 not being di
gested inthe intestine. The commonbüo—dw t, Daß, formed
by the union01 the hep11tic 8 1111 038 60 dnete, epene into
the duodenum . The blood which entem the liver by the
portal vein and hepatic artery p8 8888 out by the kepatic

88188 , VI1, which lwve the posterior b01da 01 the orm
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ries run . Cover ing the surface of the l iver is layer of the

peri toneum, beneath which is dense connective-tiume
layer, forming thempm lc of Glissom At the portal fiesure
ofisets from th iswpsule run ih , and line canals, [hc portal
mnals, which are tunneled through the organs. These,
becoming smaller and smal ler as they branch , finally be
come indistinguisimbh close to the ul timate lobules. From
their walls and from the external capmle, connective-tieene
parfitions radiate in all directions through the organ and
support its other parts. Ineach portal m al lie thrm ves

aele—a branch of the portal vein, branch of the

1(B. A m t]

artery, and branch of the hepatic duct ; the div ision of
the portal veinbeing mp ch the largest of the three. These
vessels bneak up as the portal m als do, and all end in

m inute branches around the lobules. The blood w ried in
by the portal vein(wh ich has already circulated through
the capi llaries of the «stomach , spleen, intestines and pan

crem) is thus conveyed to a fine vaecnlar interiob«lar

p le:ms around the limr lobnlee, from which it flows on

through the capillaries (Iobular p la ns) of the lobnles them
eeh es. These (Fig. 101) nnite in the centre of the lobnle
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'
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to !orm a emall W ebM veimvhich carries the blood

out zmdponm it into one of the branehes of origin ei

hemtio vein, called the m». M b of &emm
hmma y lohulm emptying blcodtä te it, endif di
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with them (Fig. 102) would look something like branch
of tree wi th apples attached to it by ahort stalke, repro«

sented by the intralohular veins. The blood is finally car

ried, as above pointed out, by the hepatic veins into the
inferior vena eava. The hepatic M y , a branch of the
emiinc ax is (p. ende mainly inGlisson’

s cap mle and

the walls of the blood-vessels and bile-ducts, but some of
its blood reachee the lobular plexuses ; it all finally leaves
the l iver by the hepatic veinn.
The bile-chxcts can be readi traeed to the periphery 01

the lobules, and there probat eommunicate with a minute
network of commencing bile ducte ramifyi ng inthe lobule
betweenthe hepatic cells composing it.
The Panereaa or Sweetbread. This is an elongated

soft organ of a pink ish yellow color, lying along the great
enm ture of the stomach . Its right end is larger, and

is embraeed by the duodenum (Fig. which there
makes a curve to the left. A duct travemes the ghmdand

joina the commonhile-duct close to its intestinal opening.

The pencreas forms a watery looking secretionwhich is of
great importance ind igestion.
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anbelavim The trank onthe right side is much smaller
thanthe other and is known asthe right lymphaticdual.

”

It colleets lymph from the right side of the thomx, from
the right side of the head and neck, and the right arm .

The lymph from all the rest of the Body incollected into
the tlwracic duot. It eommenees at the upper part of the
abdominal cavi ty in a dilated rem oir (the recep tcaulum

into which the lacteals from the intestines, and the

lymphatics of the met of the lower part of the Body, open.

From thenoe the thomcic duct, recei ving t1*ihnta.riee ou its
course, mus up the thorax alongside of the aorte and, pana
ing on into the neck, ende on the left side at the point
already indicated ; reeeiving on its way the main stem
from the left arm and the left side of the head and neck.
The thoraci c dnct, thus, bringe hack much more lymph
thanthe right lymphatic duet.

the lymphatic syntem andmay be vegardedae large hmm .

Each of them (periümeel, pleural , arachnoidal and peri
eardiac) is lined by definite epithel ioid layer of 01t
ting, hexagonal cel ls. At certainpoints, however, openinge
or stomata ooeur, surrounded by ring of smaller cells, and
leading into tnbea which open into suhjaoent lymphatic
veeeels. The liquidmoistening these cavi ties is, then, really
lymph .

terpoeed, at various points, onthe course of the lymph-vee»
sole. They are especiallynumerons inthemesentery, groin,
and neck . In the latter posi tion they often inflame and

give rise to aheeem , especially in scronous persons; and
sti ll more oftenenlarge, heulen, and become more or less
tender, so as to attract attentionto them. Incommon par
lanoe it is thenfrequently said that the person’

s kernela

have come down ,” or that he has waxing kernele. Each
lymphatic gland isenveloped in connect ive—tissne mpmle,
and is pervaded by eonnective-tissue framework. Inthe
meehes of thislienumerous lymph empnsclee, which appear
to mul tiply there hy division . Aflerent lymphatic ves
eelnopen into the periphery of the ao-ealledghmd, und eh
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forent vessela arise inits centre. Hence, the lymph inits
flow traverses the eellnlar gland substanee, and in its

course pieks up extra corpuselee which it carries 011 to the
blood. Inthe gland there i8 8 close network of blood capil
laries. It is clear that these organe arenot glands at in

the proper sense of the word . They are sometimes called
lymphatic ganglia; but that suggeste a falße connectionwi th
nerve—centres.
The Movement of the Lymm1. This is no doubt some

what irregular inthe commencing vesseh , but, onthe whole,
seta on to the larger trunks and through them to the veins.
Inmany animals (118 the I mg) at points where the lymphatics
eommunicz1te with the veins, there are found regulnrly
contracti le lymph-hearts” which heat wi th 8 rhythm inde
pendent of that of the hlood—heert, and pump the lymph
into vein. In the Human Body, however, there are no

such hearts, and theflow of the lymph is dependent onlese
definite arrangements. It seems to be mainta ined mainly
hy three things. (I) The pressure onthe blood plasma in
the capillaries is greater than that inthe great veins of the
neck henee any plasma filtered through the capillary walls
wil l be under 11 pressure which w i ll tend to make it flow to
the venons terminationof the th 'oracic or the right lym
phatic doeh (2) 011 account of the numerous valves in
the lymphatic vessels (which all only allow the lymph to
flow past them to larger veeeels) any movement compreee
ing a lymph-vemel will came anonwa.rd flow of its contents.
The influence thus exerted 18 very important. If a tube he
put ina large lymph—vessel , say at the top of the leg of an
animal , it wi l l be seen that the lymph only flows ont very
slowly when the an imal is quiet ; ha t 118 80011 es it movee

its leg the flow is greatly acceltarated. (8) During euch
inspiration the pressure on the thoracic dnct is less than
that in the lymphaties in parts of the Body outside the
them (seeChap. Aeoordingly , at that time. lymph
is pre88ed , in oommen phrase, is sncked‚

"
into the

themeic duct. During the succeeding expirati onthe pres
sure onthe themeic dnct becomes greater again, and some

Of its contents are pressed ont; ha t onaccount of the valvoe
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they ean only go forwards, that ie, towards the ending of

the dnet inthe veins of the neck.

During digestion, moreover, the eontmetionof the villi
wi ll pressonthe lymph 01° ob

_

vle; and incertainpartsof the
Body gmy ity, of course, aids the flow, though it wil l impede
it inothers.

The 8p leen. There are in the Body several organe of
such eonsiderahle size, andof 80 great c1 mstancy ina large
number of vertebrate animals, that they would a M ari

appear to be of considerable fnnctional importance. What
their 1188 may he is still , however, unknown or uncertain.

They are commonly spokenof collectively, along with the
lymphatic gangl ia , 118 the ductless glands; but they are not
glande inthe proper sense of the word. The sp leen is the

largest of them. It is a red orgnnsi tuated at the left end
of the atomt and about 170 gramm(6 oz. ) inm ight.
Its si ze is however very variable; it enlarges during digee
tion and shrinks again after it unti l the next med . In

malarial dieewee it also becomes enlarged , freq1mntly ton
very great extent, and thenconsti tutes the eo»ealled agueo

onke.

” In structure, the spleen consists of connectim
tissue capsule, rich inelestic fibres, and giving off processes
which nun1fy through the org1m and form framework for
its pulp . The letter contains numerous blood eoq meelee;
and many hodies wh ich seem to be red corpnmles inpro
cess ef decay or destruct ion. Hence the spleen has been
supposed to be 8 sort of graveyard for their bodies—a place
where they are brokenup and their materials util ized when
they have run their life cycle. Others, however, consider
that in the spleen new red blood corpnseles are pre

duced i tem colorless; and others, again, that the main
f1111ct10nof the organ is the formationof substances wh ich
are carried off to the stomach and pancreae, to be there
finally elaborated into digestive ferments. The arter ies
of the spleen open directly into the pulp cav i ties, from
which the veinsm ise. 011 their walls are rounded whiti8h
nodule8 about the size of 11 milleh seed, and known 118 the
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CHAPTER X I .

DIGESTION .

The Ohäeot of Digestion. Of the various foodstnfia
swallo1wed, some are already insolutionand ready to dialyze
at once into the lymphatics and blood—vesselsof thealimeh
tary 08 118 1; others, such as 8 l ump 01 sugar, though not
dissolved whenput into the month , are readi soluble in
the l iqu ids found inthe alimentary 08 1181, andneed no fur
ther digestion. Inthe case of many most important food
stufis,however, special chemi cal changeshave to bewrought,
ei ther with the object of converting insoluble bodiee into
soluble, or non—dialyzable into dialyzable, or both . The

difierent secretions poured into the ahmentary tube act in
variouswaye upon different foodstufin, and at last get them
111to 8 state inwhich they can p888 into the circulating
medium andbe carried to 8 11 parts of the Body.

The Sal iva. The first solvent that the food meets wi th
is the sal iva‚ which , 88 found inthe month , is a mix ture of
pure sal iva, formed inparotid, submaxillary, andsublingual
glands, with the mucns secreted by small glands of the oral
1111100118 memhmne. Thismixed saliva 18 8 cloudy

‚

feehly alkaline l iquid , “
ropy” from the maoin present in

it, and usually containing air—hnhblee. Pure ealiva‚ es eh.

tainedhy putting 8 fine tube inthe dnct of one of the sah

vary glands, is lese tenacious and eontains no imprisoned
8 11 .

The uses of the sal iva are for the most part physical and
mechanical . It keeps the month moist and al lows 118 to
speak wi th comfort ; most young erstere know the dietr

’

eee

oecasioned by the suppression of the selivu y secretion

v ouanew, and the imperfect efi cacy under such
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eireumstancaes of the trad itional glass of water' placed he
sidepnhlie speakers. The sal im , 8180, enables118 to swallow
dry food ; euch 8 th ing 8 8 8 eracker when chewed would
give rise mer e to 8 heap of dust, impossible to m al low

,

were not the month envity kept meist. This fact need to
be takenadvantage of in the East Indian riee ordeal for
the detection of criminale. The guil ty person, bel ieving
firm that he cannot swallow the parched riee given him
and eure of detection, is 8 pt to have his a livary g11mde

paralyzed hy fear, and 80 does actually become unable to
swallow the rioe; while in those wi th clear eonseiences the
h erm us system, acting normal ly, exci tes the 8 81181 reflex

secretion, and the dry food causesno difiicnlty 01 degluti
tion. The saliva, 8180, diseolvee such hodies 8 8 sal t and
enger, when taken into the month in 8 solid form, and

enables 118 to taste them ; nndMolved substances are not

tested , 8 fact which any one 08 11 verify for himself hy
wiping his tongne dry and plaeing 8 fragment of enger
11po11 it. No sweetness will be fel t until 8 li ttle moisture
118 8 en ded anddissolmd part of the enger.

Inaddi tion to such actions the sal iva, however, exerta 8

chemi cal oneonan important foodstufi . Stamh (al though
it swel ls up greetly 1n hot water) is insoluble, and could
not be absorhed from the al imentary eenal. The ealiva

contains 8 specific element, ptyalz
'

n, which has the power
of turning stareh into the reedi solnhle and dialyzable
grape sngar. In efiecting this change the ptyal in is not
al tered ; at least 8 very smal l amount of it 08 11 cause the
conversionof 8 m t amount of starch ‚ and it doesnot seem
to have its activity impaired inthe process, being sti ll ready
at the end of it to act upon more. The starch is made to
eombine with the elements of 8 molecule of water, and the
ptyalinremains behind 8 8 it W8 8

O
‘H "O‘ H‘

O O
‘H "O

‘

mm »
.

8uhstanoes acting in th is way , producing chemica l
changes without being themselves notieeably al tered ‚ are

found inmany of the digestive secretions, and 8 11: called
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phu ynx, any food whi ch has once entered it must be " 3 1

lowed : the isthmne of the 18 8 08 8 forms 8 sort of Rubieon;
food that has passed it must continue i ts eentse to the
stomach al though the swallower learnt immediately that he
was taking p0i80n. The third stage of degluti tionis that in
which the food is passing along the gullet, and is compara»
tive slow. Even liquid snbetaneee do not 18 11or flow down
this tnhe, but have their passage controlled by its mnscnlar
coete, which grip the succeseive portions swallowed and pass
them on. Hence thepoeeihility ofperform ing the appetently
wonderful feet of drinking 8 glass of water while atanding
upon the head , oftenexhibited by jugglers; people forget
ting that one sees the same thing done every day by homes.
and other animals, which drink with the pharyngeal end of
the gul let lower thanthe stomach . The movements of the
wsophagns 8 18 of the kind known as vermicular 01° per i

staltio. Its cimularfibres(p. 317) contt behind themorsel
and narrow the paseage them; and the eonstriction then
travels along to the stomach , pushing the food infront of
it. Simultanecnsly the longi tudinal fihres, at the point
where the food—mass is at any moment and immediately in
front of that, confi aeting , shortenandwidenthe passage.

The Gastr ic Jui ce . The food having entered the ste.

much isexposed to theactionof the gastric juice, which in
thin, colorless, 01° pele yel low l iquid, of 8 strongly acid te.

action. It contains 8 8 specific elementsfree hydrochloric
acid (about .02 per cent), and 8 11 enzyme cal led pepsin
which, inacid l iquid8 , has the power of converting the 01°
dinarynon

-dialyzable proteids which we cat, into the closely
all ied but dinlyzehle bodies called p ep tones. It also die
solves solid proteids, changing them too into peptones.
Dilute acidsw il l hy themselve8 produce the 88 1118 changes
inthe course of several days, but inthe presence of pepe

'

n1

andat the temperature of the Body the conversion is far
more rapid . Inneutral or alkaline media the pepsin 18
inactive; and cold check si te activi ty. Boil ing deetroye it.
In addi ti onto pepein, gastrie juice containsanother enzyme

which has the power of eoagnlating the cneeinof milk , 8 8

iHnstmtedby the nee of rennet, ” prepared from the mn
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ingreat pu t gradually dialyzed into the blood and lympha
tievm elsof the gastr ic mnconemembrane, and carried oil,
along wi th other dissolved dialyzable hodiea, euch 8 8 881t8
and sogar. After the food has remained in the stomaeh
some time (one and 8 half to two hours) the chyme hegins
to be passed 011 into the intestine in snceessive portions.
The pyloric 8phineter reines at intervale, and the rest
of the stomach , contraeting at the same moment, injecte 8
quanti ty 01 chyme into the duodenum ; this is repeated
frequently, the larger undigested fragments being at first

unable to pass the orifiee. At the end of about three 01
°

four hoursafter 8 meal the et0mwh 18 again qui te emptia i ,
the pyloric sphincter finally relaxing to 8 greater extent
and allowing any larger ind igestible m8888 8 , which the gas
trie juice cannot break down , to be squeezed into the intee

The Chy le. Whentheehyme p8 8888 into thednodennn1
it finde preparationmade for it. The pancreas is inrefiex
connection with the etomaeh, and its nervee 08 1188 it to
commenee secreting so soon asfoodenters the latter; henee
8 quanti ty of its eecmtion 18 already wenmnlated in the
intestine whenfood enters. The gall-bladder 18 distended
wi th hile, secreted since the last mea l ; th is passing down
the hepatic dnet has been turned back up the cysti c dnct
(De, Fig. 100‘)0n account of the closure of the common
hileodnct. The acid chyme, stimulating nerve—endinge in
the duodenal maeons membrane, 08 8 888 reflex contrac

tionof the muscular coat of the gal l-bladder, and 8 18 18 118 »

tionof the orifiee of the common bile dnct; and 80 8 gush
of hile 18 poured o11t on the chyme. From this time ou,

both liver and pancreas eontinne secreting activ e for

some hours, and pour their products into the intestine.

The glanda of Brunner und the erypt8 of Lieherkf1hnare

8 180 set at work, but concerning their physiology we know
very little. All of these secretions are alkaline‚ and they
snfiiee very soon to more thanneutralize the aeidity of the
geetric juice, and 80 to convert the acid chymo into alka
l ine chylo, which , after an ordinary meal, will contain 8

great variety of things: mncns derived from the ah
'

men

‘P. 824.
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tary eanal; ptynhn from the a live; pepsin from the ato

mach ; water, pertly w allowed und partly derived from the

ealivary and other secretions; the peculiar constitnente of
the hile andpancree1tic jui ceand01 the inteetinal secretions;
some nnchgeeted prote ids; unchanged starch ; 0118 from the
tete eaten; pep tones formed in the etomaeh but not yet
8h801h8d; possinsalineennd 8ttg

‘

8 !
’ which have 8180escaped

ahwrptien in the etomaeh ; and indigestible substaneee

The Panameati e Secreti on18 clear, watery , alkaline, and
much like 88 11V8 in appearance. The Germans 08 11 the
p8 h01

‘

88 8 the “
abdominal sal ivary gland.

” In digestive
properties, however , the pancreatic secretion is far more
important than the 8811118 , acting not only 011 starch but,
8180, 011 proteids andtete. 011 starch it acts like the 8811V8 ,
but more energetieally. It prmlnces changes in proteids
simi lar to those efleeted inthe stomach , but by the agency
of 8 diflerent ferment, trypc1

'

n; which diflere from pepsinin
acting only in8 11 81118 11118 instead 01 im 80111 medium. Oh

fats it has 8 donble action. To 8 certainextent it break8
them up , wi th hydration, into free fatty 80id8 andglyeerine;

(C" HOIO)I CIOHOOO OUHO

COH‘
08 3Hfl0 3

H.

1 8teu in 1181w 10m id 1 Olyoerlne.

The fatty acid then eo1nbines Wi th some of the al118 1i pres
ent to make 8 W P, which being soluble inwater 18 08 18 11118
of 8 beorption. Glycerine. 8 180, 18 801111118 inwater anddialy
zahle. The greater part of the late are not, however, 80
brokenup , but are simply mechanically separated into li ttle
droplets, which remainsuspended 1nthe 0hyleandgive it 8
whitish color, just as the cream-drope are suspended 1n

mi lk, 01 the olive-oil inmayonnaise 88 008 . This18 effected
by the help of 8 quanti ty of albumin which exiets dissolved
in the pancreatic secretion. In the etomaeh‚ the an imal
fats eatenhave lost their 0811«W8 118, and have becomemel ted
by the tempefatnre to which they are exposed. H8 1108

their 0i part floats free in the chyme whenit entem the
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dnodmmm. If 011 be abeken up wi th water, the two can

not be got to mix; immediately the shaking 088 88 8 the 011

floatenp to the top ; but if some raw egg be added , a creamy
mix ture 18 readily formed, inwhich the 011 remains for 8
long time evenly suspended in the watery menstruum.

The reason of this is that each oil-droplet becomes sur
rounded by 8 delieate pelliele of albumen , and 18 thus pm
vented from fnsing with its neighbors to make large drope,
which would 80011 fl08 t to the top. Such 8 mixture 18 0811811
8 11 emulsion, and the albumin of the pancreatic secretion
emuleifiee the 0118 inthe chyle, which becomes white (for the
same reason8 8 mi lk is that color) because the innumerahle
tiny oil»drops floating in it refleet all the light which fallß
ou its 811118 88 .

The panoree1tic secretionthus converte starch into gmpe
enger, (1188011188 proteids (ii necessary) and converte them
into peptones, emnlsifies fata, and, to 8 certainextent, hreaks
them up into glycerine and fatty acids, whi ch letter are

eaponifiedby the alkalies p1went

The Ei le. Human hile when qui te fresh 18 8 golden
brown l iquid ; it M ornee greenwhenkept. A8 formed in
the l iver it contains hardly any mucin , but if it makes any
stay in the galhhladder it aeqniree 8 great deal from the

l ining membmne of that 88 8 , and becomes very “
ropy.

”

It 18 alkal ine inreactionand, b8811188 coloring matters, min
eral 88 1t8 ‚ andwater, conteins the 80d18 111 salts of twoni tro
genized 801118, laurochoh

'

c andglyckochdic, the former pre.

dominating inhumanhile.
Pattmkofer

’
s Eile Ihst. II 8 8m8 11 imgment of 08 118

enger be added to 801118 hile, and then8 huge quanti ty of
strong sulphuric 80111, 8 bri lliant p111’p18 color 18 developed ,
by certain products of the decomposi tionof its ac ids; the
physician08 11 inth is way , indisease, deteet their presence
in the nrine or other secretions of the Body. Gmelz

'

n
’

s

B ild Test. The hi le-coloring matters, treated wi th yellow
ni tr ic acid, go through 8 series of ox idations, accompanied
with changes of color from yellow-brown to green, thento
blue, Violet, purple, red, and dirty yel low, insnecession.

8 118 has no digestive actionupon starch or proteids. It
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11118 probably h8 8 801118 influenee in promot ing the ttt
tionof tuts. If one endof 8 1:8m glass tube, moistened
with water, be dipped inoil, the latter will not ascend init,
01 hat 8 short way ; but if the tube be moistened with hile,
instead of water, the 01] wil l ascend higher init. 80, too,
oil p8 888 8 through 8 plug of p010118 clay keptmeist Wi th hi le,
under 8 mneh lower p18 881118 than through one wet with
water. Hence hile, bymaking the ep ithelhü08118 lining the
intestine, may facili tate the passage into the villi of 011y sub
stances. At any mte, exper iment shows that if the hile he
prevented from entering the intestine 01 8 dog, the animal
eata 8 11 enormous amount of food compared wi th that
amount which it needed prev iously ; and that of th is food
8 great proportionof the fatty parts pasaca out of the 8 11
mentary 08 118 1 nnaheorbed. There 18 no doubt, therefore,
that the hile somehow 8 1d8 in the absorption of fats, but
exactly how is nncertaän. Its p088 ib18 action in exciting
the m1180188 of the v i ll i to contract wi ll be referred to pres
ently. Eile precipitates 110111 solution, not only pepsin, but
any peptones contained inthe chyme wh ich enters the in
testine from the 81018 80h.

consists of the secretions 01 the glands of Brunner and the

erypte of Lieberkühn. It 18 difiicnlt to obta in pure; in
deed the product of Brunner’s glands has never been01)
tained unm ixed . That of the crypts 01 Lieberkühn 18
watery andalkaline‚ andponredont more abundantly 11111
ing digestion thanat other times. It has no special action
011 starches, most proteide, 01 011 tete; hat 18 88 111 to dissolve
blood fibrinendconvert it into peptone, and to change08 118
into grape engar‚ 8 transformation the object of wh ich 18
net very 0188 1 , 81008 08 118 81138 1 18 itself readi soluble and
d1ffnsible.

Inteafinel Digeetion. Having 00nsideredseparately the
actions 01 the secretions with which the food meets inthe
small intestine we may now consider their combined effect.
The nentmlizationof the chyme, followed by its conver
sion into alkaline chyle, Wil l prei ent any further actionof
the pepsin 011 proteids, hat w i ll al low the ptyalin 01 the
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sal iva (the activi ty of which W8 8 stopped by the neidity 01
the gastrie jui ce) to 18001118 188 08 its action upon starch .

Moreover, inthe stomach there 18 produced, 8108 3 81118 01 the
true peptones, 8 body cal led parapeptone, whichW BB very
closely wi th syntonin (p. 126) in its propertiee, 8 8 11 thi8
p88 888 into the duodenum 18 the chyme A8 80011 8 8 the

hi le meets the chy1ne it precipi tates the parapept0m , and

th is 08 1 1188 down with it any peptonea which , having es
caped absorption in the stomach , may he present ; it 8180
pmcipitatee the p8p8111 . In consequenee, 08 8 wmmonly
finds, during digestion, 8 sticky grannlar precipi tate over
the vill i, and 18 the folds between the vnlvnlm conniventes
01 the 118 0118 11 118 1. This 18 8008 redissolved by the pancre
atic 8801 86011, which 8 180 changes into peptones the pro.
teids (usual ly 8 008 81118 18 1118 proportionof those eatenat 8

8 188 1) which have passed through the stomach nnehanged,
01 18 the form of parapeptones. The conversion of starch
into grape enger w i l l go ou rapidly under the influence of
the pancreatic secretion. Fatew i l l be split up andsaponi
6811 to 8 certainextent, but 8 I111' larger proportionwi ll be
emulsified 8 8 8 give the chyle 8 whitish appearance. 08118
88 38 1 , which may have escaped absorptioninthe stomach ,
wil l be converted into grape 88 g111 8 8 8 absorbed , along with
any 88 118 88 which may, 8 180, have hi therto escaped. B lastie
tissue from an imal snhetnnoee eaten, 08 1181088 11 018 plnnte,
andmucinfrom the secretions 01 the dimentary tract, wi ll
811 remainunchanged.
Aheorpttonfrom the 8 18 8 11 Intentine. The chymeleav

ing the etomaeh 18 8 semi- l iquid mass which, being 111111811

18 the (1110118 118 18 with considerable quanti ties of pancreatic
8801 8608 8 8 11 hile, is stil l further diluted. Thenceforth it
gets the inteetinnl secretionadded to it but, the absorption
111018 thaneonnterbdaneing theadditionof liqu id , the food
mase becomes more and more solid as it approwhee the

1180-00110 valve. At the 88 8 18 time it becomes p0018 1 in
nutritive constitnents, these being gradually removed from
it 18 improgress; most dialyze through the epithelium into
the mhjaeent blood and lymphatic veseele, and 8 18 carried
011. These paw

' ng into the blood 08 p i118 1 18 8 8 18 takenby
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theportal veinto the liver; whi le those entering the lacteah
8 1 8 carried into the left jugular veinby the thoracic d110t
A8 to which foodetufl‘

s go 08 8 road and which the other ,
there 18 sti ll much doubt ; sugars probably go by the portal
system, whi le the fate, mainly, if not entirely, go through
the lacteals. How the fats are absorbed is not clear,
818 08 0118 will not dialym through membranes, euch 88 that
lining the inteetine‚ moistened with watmy liquids. Most
of them, however, certainly get into the Imteals 88 0118 8 8 6
not 8 8 8018 1118 maps; for 08 8 finds these vessels‚ 18 8 digeet

ing 8 8 18 18 1, filledwi th 8 beauti ful ly whitemi lky chyle; wh ile
at other periods their contents are watery and colorless 11118
the lymph elsewhere inthe Body. The li ttle fat-drops 01
the 8 18 1118108 formed in the intestine‚ go through the epi
thelial 08118 and not between them, for during digestion
08 8 finds them 08 118 loaded with 0ü—droplete. Now the

free ende of these 08118 are striated and probably devoid of
any definite 08 11—W8 11, and it 18 possible that the intestinal
movementemneeze011—drope into them, which the 0811 then
p88888 08 to its deeper end and, them e, ont into the 88 h

jacent lymph-spann, which communicate with the central
laeteal 01 8 villus. Poss ibly, too , these 08118 8 88 8 8 1111110111

and 08 8 thm st out processes from their free ende 8 8 11

actively pick up the 011
—drope. 18 the v i llus there are 811

the anatom ical arrangements for 8 meehanism which 8118 11
actively 8 11011 up substances into it. Each 18 more er 18 88

elastic, and, moreover, its capillnry network whenfilledwi th
blood will distend it. If therefore the muscular stratum
(p. 321) contracte and compresses it, emptying its 1801788 18
into theV8 888 18 1y1

'

11g deeper 18 the intestinalW811, the villue
W111 activ e expand again 80 8008 88 i ts muscles relax .

18 80 doing it could not fill its lacteals from the deeper ves
8818 , 08 account of them lvee 18 the latter, and, weerding1y,
would tend to draw into i tself materials from the 1013 86 1168 ;

much like 8 spongere-expanding 111 water , after having been
squeezed‚

dry. The liquid thus sucked up m y draw 011
drope with it, into the free ende of the 08118 and between
them ; and by repeti tions of the process it is possible that
considemble quantitiee 01 liquid, with 88 8p88 d8<1 011—drope,
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From such 8 8 188 1we m y first separate the 818 86 8 , 081

1111088 , und08 1018 8 1m lphate, 8 8 ind igestible 8 8 11 p8 888d out

of the Body 18 the 88 1118 state 8 8 11 18 the 88 8 18 quanti ty 8 8
they entered it. Then008 18 the 88 118 88 which need 8 0

special digeetion, and, ei ther taken 18 solution or die

solved 18 the 88 11V8 01° gu tric j11108 , are 8b801
'b0d from the

month , stomach 8 8 11 18 t8 8t11188 without further change.
08 8 8 and gmpe augen experienee the 88 8 18 fate, except
that any 08 118 enger reeching the intestines before absorp
8 08 , 18 118 1118 to be changed into grepe sugnr by themean

M w
'

ene. Calcium phoephete will be dissolved by the
free acid 18 the stomach‚ yielding 08 1018 8 1 chloride, which
will be eheorbed there 01° 18 the 18 t88t1118 . Starch will be
partial ly converted into grape sugar duringmasticationend
degluti tion, and the eugar W111 be 8h801h8d from the eto
tuech . A great part of the starch will, however, be passed
011 into the inteetine unchanged‚ 81808 the actionof the
88 11181 18 88 8p8 8d8(1 18 the stom8ch; 8 8 11 its 008 V8 1

‘
8108 will

be completed by thepancreatic 8801 8608 , 8 8 11 by the ptyalin
of the 88 11V8 , which w ill 18008 18 18 8 08 its activi ty whenthe
chyle becomes 8 1118 118 8 . The various pm teidsW111 he pn
ti8 lly dissolved inthe stomach andconverted into peptones,
which wi ll 18 pert be absorbed there ; the reeidue, wi th the
undigested proteids, wi l l be pesaed 011 to the intestines.
There the hile wi ll precipi tate the peptones and pm pep
tonee and, with the pancreatic secretion‚ render the 0hyme
8 1118118 8 , and80stop theactivi ty of the gestric pepsin. The

pancreatic secretion will , however, redl e the precipi

tatedpeptone, andthe 11nchengedprote idsandpm peptone,
8 8 d turnthe letter into peptones; these wil l be 8b801°h8<1 88

they pass along the 88 18 11 intestine; 8 88 18 11quanti ty perhapo
passing into the large 18 t88t1118 , to be taken up there.

The fats W111 remainunchanged until they enter the smal l
intestine, except that the protei d 0011-Wfl118 of the 18 t8 01

the beefsteak wi ll be dissolved away. In the 8 8 18 11 1M88

tine these bodies w ill be partially saponified, but most wil l
be 8 11dtakenup into the lacteals inthat condi
tion. Gelatin, from the white fibrous tinne 01 the beei
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steak‚
W111 undergo changes in the stomach 8 8 11 1nte1vtine

8 8 11 he dissolved 8 8 11 ab8ort1e<i .
The substances leaving the al imentary 08 8 8 1 after 88 011 8

8 188 1 would be, primari ly, the indigestible 08118 1088 8 8 11

elastin, together wi th some water. But there m ight be in
addition8018 8 8 8 8 11801118 11 fats, starch , 8 8 11 88 183. T0 th is

would be 8 1111811, 18 the 8 lin1ea 8 111018 ,
some of

the ferments of the digestive secretions‚ 8018 8 slightly
al tered hile pigmentg 8 8 11 other 11011188 excreted by the

large intestine.

Dy epepeia 18 the common8 8 18 8 of 8 number of 111888 88d

ounditions attended with 1088 of appet i te 01 trouhlewme

digestion. Being usually 8 8 8%8 11d8 11 with acute pain , and
if it k1118 at 8 11 doing 80 very slowly, it 18 pre-eminently
sui ted for treatment by domestic qneekery . In reali ty,
however, the immediete 08 1188 of the symptoms, 8 8 11 the
treatment called for, m y vary widely ; and its detection
and the choice of the proper 18 8 1811181 agents often08 11 for
more thanordinary 18 811108 ] A fewof the 11101 8 008 1

monforms of dyspepsia may he mentioned here, with their
pmximate 08 8 88 8 , not in order to enable people to under
teke the 1 88h experiment 01 dos ing themselves, hnt to show
how wide 8 chance there is for any 8 8 8 111118 11 treatment to
8 1188 its end, 8 8 11 110 18 018 h8 1 18 thangood.
Appeti te 18 primari ly due to 8 0011111t1011 of the 18 8 008 8

membrane of the stomach which , inhealth, 0018 88 08 after
8 short fast, 8 8 11 stimulates its 88 8 8017 8 8 1 18 8 ; 8 1111 1088 of

appeti te may 118 118 8 to either of several 08 8 888 . The eto

maeh may be 8 pathetic 8 8 11 lack its 8 01 18 8 1 sensibil i ty, 80
that the empty condition11008 not act, as it normally 11088 ,
88 8 suflicient exci tent. Whenfeed 18 takenit 18 8 further
stimulus and may be enough ; 18 auch 08888

“
appetite

comes with eating.

" A b1tter before 8 meal 18 useful 8 8 8 11
appetizer to patients of this eot t. 08 the other hand, the
stomach may be too sensi tive, 8 8 11 8 VOI'RC1011 8 appeti te be
fel t 118 101 8 8 meal, which is replaced by 8 8 11808 , or even
vomi ting, 8 8 8008 8 8 8 few 8 108 thf8 18 have been8W8110W8 11;
the 8 1 8 8 stimulus 01 the food thenover-stimulates the too
irritable stomach ‚ just 8 8 8 draught of mustard 8 8 11 warm
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CHAPTER X X IV .

THE RESPIRATORY MECHANISM .

Definitiong ,
The blood 8 8 it flows from the 1 1ght ven

triele 01 the heart, through the lange, to the left 8 1111018 .

111888 carbon 11101 1118 8 8 11 9118 8 oxygen. In the 8y8t8m10

circuletionexactly the PGVBI
‘

SB changes take place, oxygen
leaving the blood to supply the living tissues 8 1111 08 1 1113 11
11101 1118 , generated in them , passing 1)&Ck into the blood
08 111118 1 188. The oxygen 1088 8 1111 carbon 11101 1110 gain 8 1 8
m ociated with 8 change in the color of the blood 11018
bright scarlet to purple 18 11, 01 from arterial to VBIIOIIB ; 8 8 11

the oppoehe changes inthe lange restore to the 118 111 blood
its bright tint. The whole set of processes through which
blood becomes venoue 18 the system ic circulati on 8 8 11

arterial 18 the pulmonary— in other words the 111008888 8
00808 1 8 811 18 the g8 880118 reception. distribution 8 8 11 elimi

n8 tionof the Body—constitute the functionof resp irati011;
so much of this 8 8 18 concerned 18 the interchanges between
the blood 8 1111 811 being known 8 8 external respiratioa ;
while the inte rchangesoccurring 18 the sy8 temic 0111111181 108 ,
8 8 11 the {11 1108888 8 in general by which oxygen18 fixed 8 8 11

carbon dioxide formed by the l iving tissues, 8 1 8 known 88
internal reep 1

'

ralion. When the term 188p11 8 608 18 8 88 11

8 108 8 , without any l imi ting adjective, the external 1 88p11 8
tiononly, 18 commonlv meant.
B espiretory Organe . The blond being kept poor 18

oxygen8 8 11 rich 18 carbon 1110111118 by the actionof the liv

ing tissues, 8 certain amount of gas1mns interchange will
neerly always take place whenit 008 18 8 into 01088 proxim ity
to the 88 1 1011111118 g medium ; whether th is be the atmoeo

phem i tself 01 water 0ontaining 8 11 18 solution. When
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animal 18 818 8 1] them are dtenno speciel 0138 8 8 101 181 8 :

881 8 8 1 respiration‚ its general 88 11808 being 88 fi 018 8 t (espe
cially 18 aqnatic 8 8 118 8 18 with 8 meist 81118 ) to pe1m1t 01 811
the gaseous exchange that 18 8 808888 137. In the simpleet

creatures, 18 118 8 11, there 18 even 8 0 blood , the 08 11 01 08118
00mpoeing them taking up 101 themselves 1108 1 the ir eu

nronment the oxygen which they 118811, 8 8 11 pu sing ont

into 1t their carbon 11101 1118 waste ; in other words, there 18
110 difierentiation01 the external 8 8 11 internal respirations.
When, however, 8 8 8 1118 18 1 18 18 138 1 many of

‚
ite 08118 8 18 80

18 1 11018 8 118 8 88 11808 thet they cannot transact this give
md- take with the snrmnnding medium directly, 8 8 11 the
blood, 01 808 18 l iquid representing it inthis respect, 88 1 1 88
88 8 18 1111118 18 8 8 betweenthe l iving 6 881188 8 8 11 the external
oxygen; and then08 8 usual ly 118 118 special resp i ratory ar
g1ms developed , into which the blood 18 brought to 1 8p1808

its oxygen1088 8 8 11 get 1111 of its 8 1 08 88 01 08 1h08 11101 1118 .

18 aqnetic animals anch p rgans take 00mmonly the 101 18
01 g1118 ; these 8 18 pmtrneions 01 the body over whi ch 8

constant current of water, containing oxygen 18 8018

1108 , 18 kept up ; 8 8 11 18 which blood capfll&fies form 8

011188 network immediately beneath the 88 11808 . In 8 11

hm thing 8 8 118 818 8 diflerent arrangement 18 usually 108 8 11.
I8 808 18 , a tmgs‚ it is trne, the skin h kept meist 8 1111
881 118 8 8 8 an important reepimtowy 01g1111 , large quanti
ties 01 V8 8 08 8 blood being sent to it 101 88 18 608 . But 101

the 0008 1 18 8 08
‘

01 the necessary gaeeons 1116 8 8108 , the 81118
must be kept very meist, 8 8 11 this, in8 terrestrial 8 8 118 81,
neoa sitatee 8 great amount 01 8001 8 1101) by the cutaneous
g18 8 d8 to wmpeneate 101 em pomtion; 88 11 8000111111g1y 18

18 8 11 an imals the 8 11 18 usual ly 08 1 11811 into the body hy
tnbeswith narrow external 0116088 , 8 8 11 80 the drying up 01
the breathing 8 8 118088 18 greatly 1118 118 18h811; just 8 8 water
18 8 hottle with 8 8 8 11011 8 801: wil l 11188 pp88 1 much more
slowly thanthe 88 18 8 amount exposed 18 an open1118h. In
insecte (8 8 m , butterflies, 8 8 11 beetlcs) the 8 11 18 08 1 11811

hy tnhee which spl i t np into extremely 68 8 branches 8 8 11

18 18 1131 8 11 th.»1
gh the body , even down to the individual

tim e elemente, which thuscarry ontheir gaseous exohmgeo
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'

wi thout the intervention01 the 1110011. Bat 18 the p eut

but open 1nto 08 8 01 8 1018

blood 18 brought, 8 8 11 18 whose walls it
8 01088 capil lary network. Such respiratory
111898 , 8 8 11 it 18 8 highly developed form 01 them whi ch 18
employed 18 the Hum11nBody.

and i 0‘
;

v III 0111' own B“

Od1185 12

88 18 11 am088t 01 respiration18 08 1 11811 08 18 the
08 8 8 1, the 8 11 1 0wed with
10011 01 ediva undergoing gm
808 8 emt w1th the h

18 the gash
*ic 88 11 int mn

008 8 membra11%. The 11 0150

01 oxygenth8 8 0h®’

8 8d by the

blood 18 however very trivial, 88
18 th8t abmrhed through the

8k18 ‚ 001 8m11 8 8 it 18 by 1%
h01 11y non—v
All the 1 88 1ly i

'

r

interclmnges hetwe®the Body
and the atmwphm

18 the lungs‚ two large 1

08 Vity, 08 0 08 88011 8 118 81

heart. T0 these 1118 8 11?is

101. _ m 1 0

08
veyed th1011gh 8

th1011g11 the nostril8 01 month,
M it M B88 out of this by thed
$gfium nenwflnc tbe rootof lw ing lead ing into th8 larynx,

V0100—b01 1ying 18
the upper p8 t t 01 the 110011 the 808 1 18 8 8 108 8 08 01 the 8110

18 men in Fig. from the larynx back th8

tracima 01 windpipe, b,whic h, 8 118 1 entering the cheat cav1ty ‚

(11V1d88 into the right 8 8 11 left broncl1 i , d. Each bronchus
1111 11188 8 p 18 t0 smaller 8 1111 818 8 118 1 hmnchm, 08 118 11
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M am much shorter than the colum n mperfleial ce ll
layer of the larger tnbes. The term inal alveoli (a, a, Fig .

and the air»cells, 6, which open into them, have walls
composed mainly of elasfio tissue and lined by a single

layer of flat, non-cih
'

eted epi
thelium, immediately beneath
whi ch is a very close network
of capillary blood vessels .
The air entering by the bron
chial tube is thus only sepa
rated from the blood by the
thin capillary wall and th e
th in epitheli um , both of
which are moist, and well

m 1M—‘
l
'
vm dmoll ot tho

point, 911 948850 eermm

membrane which adheres
fightly to it and is called the
pleura; that point at which

the plenra is wanting is called the root of the lung and is
oni ts inner side ; it is there that its bronchus, hlood-vessels
and nerves enter it. At the root of the lung the plenra
turns back and lines the inside of the cheat cavi ty, as rep.

remuted by the dotted li ne in the diagrem Fig. 1 . The

part of the plenra attached to each lung is i ts vism al, and
that attached to the cheet-wall i ts p arietal layer. Each
pleura thus forms e closed secm unding a p lm ral cam

'

ty ,

in which , during health , there are found a few* drope of
lymph, keeping i ts eurfaees moist. This lessens friction
between the two layers during the movements of the ehest
walls and the lange; for al though , to insme distinetnese,
the viaceral and parietal layers of the plenra are mpresented
in the diagram es net i n contact, that is not the natu ral
condition of things ; the la nge are inli fe distended so that
the visceral plenra ruhe against the parietal , and the pleural
cavi ty is practieally obl i terated. This is brought abou t by
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the pressure of the ahnowhem ou the inside of the Image,
through the air—peeeageex. The lange are extremely elaetic
and distensible, and when the chest cavi ty is perforated
each shrivels up just as an mdina-rnbber bladder does when
its nec is opened ; the reason being that then the air
presses onthe outside of each with a much force as it does
on the i nside . These two pressuree neutrali zing one eu
other , there is noth ing to ovemom the tendency of the
lange to edlepse. Se long as the ches t—wal ls are whole,
however, the lange remai n di stended . The pleural sec is
nir-tig

’nt and contains no air, and the pressure of the air
around the Body is hom e by the rigid walls of the cheat
and prevented from teaching the lange; eoneequently no
atmospheric pressure is exerted ontheir outsides. Ontheir
interior, however, the atmosphere presses with its full
weight, equal (see Physics) to about 90 centigrama on

square eentimeter (1—L5 lbs. on the square inch), and
is tar more than sufi cient to dietend the
lunge so as to make them complew ti ll
all the parts of the thoracic cavi ty not
occupied by other organs. suppose A,

(Fig. 107) to be battle closed air-tight
by eork through which two tubee pass,
one of wh ich , b, leads into an elastic bag,
d, and the other, c, provided with a etop
ooek, opens tre e below into the battle.
If the stop—eoek‚ 0, is open the air will
enter the battle and press them on the
outside of the bag , as well as on its ih

side through 6. The bag wi ll therefore
collapse, as the lange do when the cheat cavi ty is opened.

But ifsome air be sacked out of0the pressure of that remai n
ing in the battle wi ll dimin ish , while that inside the bag
wil l be the same, and the bag wi l l thus be blown up ,

because
theatmospheri c pressure oni ts interior wil l not be balanced
hy that oni ts exterior. At last, when all the air ie sueked
out of the battle and the stop-eoek on0 closed , the bg if

sufliciently distensible, wi l l be expanded un til it completely
title the battle and presses against its i nside

,
and the state
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of th ings will then answer to that naturally found in the
cheat. If the battle were now increwed i n size wi thout
letting air i nto it, the bag would expand still more, so as to
fill it, and in 80 doing would rece ive air from outeide

through 6; and if the battle then returned to i ts original
aize , i ts walls would press onthe bag and cause it to shri nk
and expel some of its air through 5. Exactly the sam e
must of coursehappen , under simi lar circumataneee, i n the
chest , the windpipe answer ing to the tube 6 through whi ch
air entere or leavee the elastic sec.

lange soonbecomes laden in them with carbon dioxide
,
and

at the same time loses much of its oxygen ; these inter
changes taki ng place ma inly in the deep reeeesee of the
alveol i , far from the exterior , and only eommunieating wi th
it through a long tract (if nam v tubee. The alveolar air

,

thus beemne unfit to any longer convert venous blood i n to
arterial , could only very slowly be renewed hy gaseous dif
fneionwith the outer air through the long air»pnssngee

not nearly fest enough for the requ irements of the Body, as
any one read experieneee through the sensation of aufle
cation which follows holding the breath for a very short
time. Consequently, added on to the breathing lange is
resp iratory mechanim , by which the air within them is
periodically m ixed Wi th fresh air taken from the outside,
and also the ai r i n the alveoli is sti rred up so as to bri ng
fresh layers of it i n contact with the walls of the air-eells.
This m ixing is brought about by the breath ing movemen ts,
consisting of regnlurly elternaüng inmirations, during
which the chest cavi ty is enlarged and tresh air enters the
lange, and w iralimw, in which the cav i ty is dimin ished
undair expelled from the lange. When the cheat isenlarged
the air the lange contai n immediate ly distenda them 80 as
to fill the larger space ; i n 80 doing it become rarefied and
1088 dense than the external air ; and si nce gm flow from
poi nts of greater to those of less pressure, some outs ide air
at once Howe i n by the air-passages and en tere the lange.

In expiration the reverse takes place. The cheat cav i ty
,

:liminishing, presses onthe lungs and makes the air inside
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towards the abdomen . From the tendon onthe crown of
the dome striped muscnlar fibrea radiate, dm warde and
ontmude, to all sides ; amd are fixed by the ir inferior ende
to the lower rib9, the hreast—bone, and the vertebral column.

In expi ration the lower lateral portions of the diaphragm
l ie close against the chest-walls, no lung intervening between
them. In inspiration the mnscnlar fibre13, shorten ing, flat

tenthe dome and so enlarge the thoracic cavi ty at the ex
pense of the abdominal ; and at the aame time its lateral
portione are pul led away from the cha t-wal ls, leav ing
space i nto which the lower ende of the lange expend. The
wntractionof the diaphragm thus i greatly the size
of the them chamber by adding to i ts lowest and wida t

Fig. 25) frOm the
the 810P° being l t) t l

"

!



marked inthe lower once. During inspiration the hreaat
bone and the stemel ende of the ribe ettwhed to it

raiwd, end so the between the «A and the
vertebral eoh1mn ie were

»

M i13 be B by examining the
9 1151

.12:l GO]nme

c and d two ribe, end aßthe ster
11 11m . The continnoue lines repre
sent the natural posi tion of the rihe
at m t inexp imtion, end the dotted
lin% the posi tion in inspiration . It

is clear that when their lower ende
are m ind, so es to make the bu s lie

in11 more horizontal plane
,
the ster

nam is pnshed away from the epine,
and so the cheat cavi ty ie inm u ed

domo ventrally. The inepim tory w m
clevetionof the ribe 18 meinlydne to W wm the 115. are

the action of the walme end mier
m

nal inlercoetal muecles. The seulene musclee, three oneach
side , m ise from the eervieel vertehm and are into

meet be 80 wi l l
Fig. 1 11, whm
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the upper r ibe. The external interes (Fig. 112, A ) l ie
between the ribs and extend from the vertebral column to the
coetal carti lages ; thei r fibree elope downwards and fom arde

During an inspiration the scelenee contract and fix the
upper rihs firmly ; then the external i ntercostals shorten
end each m ises the r ib belew it. The muscle, i n fact,
tends to pul l together the pair of ribe between which it
lies, ha t as the upper one of these is held by the

112. rthoot e wtth themmelee hetm u.a .

VM nt c dh 0. c h m fixed

W om
£

rtt the tntemom lmusste. eu e

I between 11h

riho‚

oeß?fu ea, whm 3 tném l lntorcoctfl B b auen.
th%mtddle two fl bnthe% md intemoetd muscle hu b& hfimt0ßd am mo

ae to dlsp lcy the lntemnl v htch m coverad hy lt.

scalenee and othermuscles above, them al t is that the lower
rib is pulled up , and not the upper down . In th is way the
lower rihe are w ised much more than the upper, for the
whole external intereostal mnseles on one side may he te
garded as one great muscle Wi th many hellies, each bel ly
separated £r0m the next by 11 tendon‚ repreeeh ted by the

rih. When the whole musculnr sheet is fixed above and
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is needed. A8 soon as the muscles wh ich have raised the
ribe and sternnm relax , these tend to return to their natural
uneonstrained posi t ion , and the rih cad ilngee, also, to un
twiat themselves and bring the ri he hack to thei r posi tion
of rest ; the elastic abdominal wall presses the contained
viseera agai nst the under side of the diaphragm, and pnshes
that up againas soon as itsmumular fibres eeaee contract
i ng. By these means the ehest cavi ty is restored to i ts
original capacity and the air sent out of the lange, rather
by the elasticity of the parts which were stretched in inspir
ation

,
than by any spec ial expiratory muscles.

ForeedW on. When a very deep breath is drawn
or expelled, 01°when there is some impediment to the en try
or ex i t of the air, a great many muscles take part i n pro
dncing the respiratory movements, and expi ration then be.

eon1es, inpart, an activelymueeular ect. The main expira
tory mneclee are the internal inlercoxtals which lie beneath
the ex ternal between each pair of ribs (Fig. 112

,
B ), and

have an opposi te di rection , their (ihres running 11p
and forwards. In foreedexpiration the lower 1°ib8 are fixed

01
° pulled down by mnacles running in the abdominal well
from the pelvis to them and to the hreaet-1mne. The ih
ternal intereoeh le then contracting, pull down the upper
rihe and the sternum ‚ and so dimi nish the thom ic cavi ty
dorso-ventmlly . At the same time, the contmcted abdomh

11111mnsclee press the wal ls of that cav i ty agai nst the vi scera
within it, and pnshing these up forcibly against the dia
phragm make it very convex towards the chest

,
and so

dimini sh the latter initevertical diameter. In very violent
expiration many other musclee may co—operate , tending to
fix points onwhich those muecleswhich can directly dim in
ish the thoracic cavi ty, 111111. Inviolent inspiration

, also ,
many extra musclee are called into play. The neck ie hel d
rigid to give the sealenee firm attachment ; the shoulder
joint is held fixed and mneclee going from it to the ehest
wall , and emumonly servi ng to move the arm,

are then
used to elem te the ribe; the head is held firm onthe verte.

hm] column by the mueeles going between the two, and

then other muscles, which pass from the collar-bone and
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whmh ean be heanl onapplying the ear to the eheat wall.
The character of these sounds 18 difierent and chameteriedc
over the traehea , the larger bronchial tuhee, and portions
ot lung from which large bronehial tubea are aheent. They
are varioualy modified in pulmonary aflections and henee
the value of m ultationof the lange 1naeeieting the phy
sicianto form a diagnosis.
The Capaci ty of the Lunge. Since the cheat cavi ty
never even epproximatfly collapses, the lnnge are never
completely emptied of air : the space they have to occupy
is larger i n inspiration than during expimtionha t is always
mnaiderable, so that after a 10e expiration they still een
tain 11 large amount of air which can only be expelled from
them by opening the plenral cavi ties ; then they entir e
eollapee, just as the bag inF ig. 107would if the bottle ih
closing it were broken. The capaci ty of the cheat, and
therefore of the lange, var1ee much indifl

’

erent individuals,
but in a manof medium height there remains i n the lange
after the most violent possible expi ration, about 164001111.
cent. (100 euh. inehes) of air, cal led the residual air.

After an ordmary expirat ion there wi ll be i n addition to
this about as much more ampp lcmental a1r; the residual and
enpplemental together forming the stationary air , which
remaine i n the chest during quiet bmathing. In an ordi
nary inspiration 500eub. cen t, (3001111. i nches) of ti dal a ir
are taken ih , and about the same amoun t 18 expelled in nat
ural expirati on. By 11 forced inspiration about 1600cub.

cent. (98 01111. inches) of compbmm lal air can be added to
the tidal air. After forced inspiration therefore the cheat
will contai n 1640 1640 500 1600 53800111110conti
meters (328 cnbic i nches) ot air. The amount which can
be taken in by the most violent possible inspiration after
the strongest poss ible expimtion, that is, the supplemental,
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tia and complem air together, is kam 8 8 the mia!

capam!y . For 11 hedthy man metere (5 feet 8 inches)
high 1t 18 about 3700 cub. eent. (225 01111. inehee)
and increase8 6001111. cent. for each additional centime
ter of steture; or about 9 cable inches for each inch of
height.
The Q uanti ty of Air Breathed b afly . Knowing the

quanti ty ot air taken in at each breath and expelled again
(after more 01 1888 thomngh mi xture with the sta tionary
air)we have only to know , in addi tion, the rate at which the
breathing movements oeour, to be able to calenlate how

much ai r paéses through the lange i n twentydour hours.
The average number of respirations in 8 minute is found
by counting on persons eitting quietly, and not knowing
that their breath ing rate is under observation , to be fifteen
inam1nute . Ineach of these half 8 li ter (30cub ic inches)
of a11 ie coneerned therefore 0.5 15 x 60x 24 = 10, 800

lite1e (374euhic
feet) 18 the qnzm ti ty of air breathed under

traete pusheßdown the abdom inal viseere beneath it, these
have to make room for themse lves by pnshing out the 80ft
front of the abdomen which, aeeordingly , protrudes when
the diaphragm descends. Henee breath ing by the (111%

phragm,
be ing indicated on the exterior by movements of

the abdomen , is often called “ abdominal respiration , ” 118

dietingnmhed from breath ing by the ribe, ca lled “
eoetal

"

or
“ cheat breath ing.

” In both sexes the diaphragmati c
breathing is the most important, hat, 8 8 8 m io, men and
ch ildren use the r ibs less than adult women . S ince both
abdomen and cheat al ternate ly expand and eontmct i11

heal thy breathing anything which impedes the ir free move »

ment 18 to be avoided; and the tight lacing wh ich used to
be thought elegant few years back, and 18 still i ndulged
in by some who th ink a distorted form henntitul, seriously
impedee one of the most important functions of the Body ,
leading, if noth ing wem , to shortness of breath and 8 11 ih
capacity for muscq exertion. In extreme cases of tight
laeing some organe are often directly injured, week Of
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Influence of the Resp i ratory Movementa upon th e

Oircnlntion. Suppoee the cheet 111 8 condi tion of natural
expiration and the external pressure on the blood in the
blood-vessels wi thin it, and in the heart, to have come, in
the manner pointed out in the last paragraph , into equili

hrium with the atmospher ic pressure onthe hlood—mssels of

the noch und abdomen . 11 8 11 inspiration now ocean, the
chest cavi ty be ing enlarged the pressure on 811 of its een

tente wi ll be dimi n ished. In eonseqnenee, air entere the
lange irom the windpipe, and blood enters the vena cam

and the right anriele of the heart. Not only the lange,
then , but the right side of the heart, and the 1ntra-thoracic
portione of the system ic veins leading to it, are expan<1efl

during 8 11 i nspiration ; but the lange be ing much the most
distensible take far the greatest part in filling up the in
areneed epaee. The left side of the heart 18 net much in
flueneed 118 it is filled from the pulmonary ve1ns ; and the
whole vm els of the lesser cirenletion lying with in the
cheat, and be ing 811 efiected inthe same way at the same
time, the hloed»flow inthem 18 not influeneed by the aspi
mtionof the them . Distension of the langewems, how
ever , to dimin ish the capacity of the ir vessels, and 80 to 8

certain extent the flow 18 influenced; 8 8 the lange expand
blood 18 foreed out of their vessels into the left anriele, and
when they again con tract the ir vessels fill up from the right
ventri cle. The pressure onthe thoracic aorta be ing dimin
iehed in inspiration . blood tende to flow hack in to it from
the abdom inel portion of the vessel , but cannot enter the
heart anaccount of the sem i lunar valves ; andthe bw k-flow

does not in any ense eqnal the onflowdue to the beat of the
heart ; 80 the what happens in the aorte 18 hat 8 slight
slowing of the current. The general result of 8 11 thie rs
that the ci rculation 18 considerat m isted. When the
11ext expirntionoecurs, and the pressure in the thomx again
rises

,
air and blood both tend to be expelled from the cavi ty .

The norta thus regains what it lost during inspiration the
pressure on it 18 increased and it empties i tself fester into
i ts abdom inal portion . The sem i lunar valves havi ng pre



vented any regurgi tation into the heart, there 18 nei ther
gain 1101 1088 80 far 88 it 18 concernei With the systemic
1ntmthoraeic ve ine

,
however

,
this 18 not the case ; the extra

blood enteri ng them has already in great part gone 011 bee

yond the tricuspid valve, 8 1111 cannot flow back during ex
piration; and the pressure in the anricle be ing eonetanfly
kept low by i ts emptying into the ven tri cle, the increased
pressure onthe venm came tende as much to send the blood
on into the heart , 8 8 back into the extra—thoracic veine.

Moreover , whatever blood tends to take the letter course
cannot do it efiectnally since , al though the vente cam :

thenwelvee contai n 110 valves, the more dietant ve ine which
open into them do. Coneequently, whatever extra b lood
has , to use the common phrase, been “

sneked
” in to the

intuv thomcic vente cam in inspi ration and has not been
sent alrezuly on i nto the righ t ventricle before eq xim tienoccurs, 18 , anaccount of the venons valves, impri soned in
the C1W& under 8 11 inc pressure during exp1ration;
and this tende to make it flow festemi nto the anricle during
the diastole of the latter. How much the alternating res

piratory movements assist the venous
‘

fiow is shown by the
dilation of the veins of the head and neck which oecurs

when 8 person 18 holding hie breath ; and the blackness fm
the face , from distension of the veins a d stagnation of the
011q flow, which occurs dnring a prolonged fit of congh
ing , which is 8 series of expi ratory efiorte without any in
ep iratione

In sti ll another way the aspiration of the them: aesiste

the heart. The heart and lange are both exhaneihle, though
in difierent degrees, and each 18 stretched in the cheat
somewhat beyond its natural size ; the one by the
pheric pressure directly, the other hy that pressure in
directly, exerted through the blood exposed to it in the
extrwthomeie veins. Supposing, therefore, the heart end
denly to shr ink it would leave more space inthe cheat to be
filled by the lange, and these , accord ingly, at each cardiee

systole expend 8 l ittle to 1111 the extra room , just as they do
when the space around them 18 otherwise enlarged during
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8 11 inspiration. The elasticity of the lange, hmmm .

syetole. The matter may be made clear by anm angement
like th8 t 111 Fig. 113. A 18 8 11 8 11 -fight vesael wi th 8 tube ,
8 , pmvided with 8 stope ock, leading from it; 6 18 8 highly
dhtensihle elastic 1183 in free communication through d

with the exterior; and 0, representing
the heert, is a lees extensihle sac‚ fi om

which 8 tube leads and clips under
water in the vessel B . If air he
pumped ont th rough a both huge will
dilnte, b filling with air, and c wi th
water dr iven up by atmospheri c pres
sure. Ul timately, if snfiiciently ex

tensible, they would fill the whole
space, the th inner walled , b, oeeupy
ing most of it. If then the step

-eock

he closed, th ings will remain in equi
librium ‚ each bag str iving to collapee
and 80 exerting 8 pnll on the other,
for it b ehrinkscxnnst expand andvice
w m . If a snddeply shrink, 8 8 the

heart does in 1te systole, bwill dilate ; but 8 8 80011 8 8 the
systo le of a eeeeee, 6 wi ll shr i nk again 8 1111 pnll 0out to
i ts prev ious size. In the same way, after the cardiae eye.

tale, when the heart-walls re lax, the lange poll them out

again and dilate the organ . The contracti ng heart thus
expends some of 118 work in overcom ing the elastieity of the
lange, which opposee their expans ion to fill the space left
by the smaller heart ; but during the diastole of the heart
this work 18 utili zed to pnll ont i ts walls again , and draw
blood i nto it. S ince the normal heart has muscular power

,

and to spare, for i ts systole, th is arrangement, by which
some of the work then spent 18 stored away to assist the
diastole, which cannot be directly performed by eerdiac

muscles, 18 of serv ice to it on the whole. It 18 8 physio
logical though net 8 mechanical advantage ; no work power
18 gained, but what there is, is better distribuwd.
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CHAPTER X XV .

THE CHEMISTRY OF RE8PIRA
'
I
‘
ION.

N atu re of the Probleme. The study of the respin
tory process from 8 chemical standpoint has for its object
to discover, first, what are, in kind and extent, the inter
chnnges between the air inthe lange and the blood inpul
monary capillaries ; and, in the second place, the nature
andamount of the corresponding gaseous changes between
the various living tissues and the blood in the systemic
capillar ies. These processes are the reverse of one another
and in the long run118 181108 , the blood losing asmuch ear
bon diox ide gas i n the pulmonary circulation es it geins in
the systemic, 8 8 11 gaining 8 8 much oxygen in the former
es it loses in the letter. To thoroughly comprehend the
matter it is, moreover, necemary to know the physical and
ch emi cal conditions of these gaeee in the lange, in the
blood, and i n the t issues generally ; for only 80 can we

understand how it is that indifl'

erent Ioca li ties of the Body
aueh exactly cont1‘8 ry processes 000111 . Se far 88 the proh
lexns connected with the external respiration are concerned
our knowledge 18 tolerancomplete ; hat 8 8 regarde the
i nternal respiration

,
tnking place al l th rough the Body ,

much h8 8 yet to be learnt ; for example. we know that 11
muscle at work gives more carbondioxide to the blood than
one et rest and takes more oxygen from it, but exactly how
much of the one it gives and of the other it takes is only
known approximatdy ; 8 8 am 8 180 the condi tions under
which this greater interchange during the activi ty of the
muecuh1r ti ss11e 18 efi

‘

ected: 8 11d concerning neerly all the
other tissues we know evenless than about muscle. Infact,
88 11838 1118 the Body 8 8 8 whole, it 18 compm tively easy to



find how great i ts gaseous in terchanges wi th the 8 11‘ are
during work and rest , waking 8 1111 sleeping , wh ile fu ting
or digesti ng, and 80 011 ; b11t when it comes to be decided
what organs are concerhed in each case in producing the
greater or less exchange, and how much of the whole 18 due
to each of them, the question is one 18 1‘ m m tit to
settle and sti ll very ter from complew answered.

These are fondold—ehanges i n i ts temperature, in its
moietnre, i n i ts chem ical composi tion , and i ts volume.
The air taken into the lange 18 near1y always cooler than
that expired , which has 8 temperature of about 36° 0.

(97
°
F. The temperature of 8 room 18 usually about 21°0.

(70
°
F. The warmer the inspired 8 11‘ the lese, of course, the

heat which is lost to the Body in the breath ing process; its
average amount 18 08 101118 t0d 88 about eqnal to 3 .5

i n twenty-fonr hours ; 8 calorie (we Physi cs) bei ng 8 8 much
heat 88 w ill reise the temperature of one kilog1'8m (2.2 lbs)
of water one degree centigrade
The inspired air always eonteinsmore or leee watermpor,

hat 18 rarely saturated ; that is, rare contai ns so much but
it 08 11 take up more without showing it 88 m int ; the warmer
air 18 , the more water vapor it requires to satnrate it. The
expired eir 18 h em ly saturated for the temperature at which
it leavee the Body, 88 18 readily shown by the water deposi ted
when it 18 sl ightly cooled , 8 8 when 8 minor 18 breathed
upon ; 01 by the clouds seen issu ing from the nos_tri ls 011 8
frosty day, these bei ng due to the hwt that the air, 88 80011
118 it 18 cooled , cannot hold 811 the water vapor which it took
up when m med111 the Body. A ir, therefore,whenbreathed
once, gains water vapor end carriee it ofl from the lange;
the actual amount be ing 11a to variation wi th the tem
porature end saturation of the inspired air : the cooler 8 1111
drier this is, the more water wi l l it gain when breatha l.
On8 11 average the amount thus carried 011 inWen ty- four
hours 18 about 255 grams ounces). To evnpom te th is
v ater i n the lange 8 11 amount of heat 18 required , which
disappears for this purpow in the Body, to appear again
outside it when the water V8p0r eondensee (see Physics).
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The amount of heat taken 011 in th is way during the day 18
about coloriee. The total daily 1088 of heat from th e

Body through the lange 18 the11efore caleries, 111

warming the inspired air and inevaporating veten
The meet important changes brought about in the

breathed 8 11' are those in i ts chemical eompoaition. Pure

Ordinary atmospheric air contai ns i n addi tion 4 volum en
of carbon diox1de in 01

° in100, 8 quantity which ,
for pm tieal purposes, may be neglected. When breathed
once, auch 811 gnins rather more than 4volumes in 100of
w hen diox ide, und 10888 rather more than 5 of oxygen .

More accurately, 100volumes of expired 1111 when dried 0011

111 quanti ties too minute for chemical analysis, but readily
detected by the noee upon coming into 8 01088 room in

which 8 number 01 persons have been collected.
S ince li tera(346 08 1110 feet) of air are breathed in
twenty-fonr hours and 1080 per cent of oxygen , the
total quantity of this gas taken up in the lange dai ly 18

X 100 l i ters 08 1110 feet). One

l i ter 01oxygen measured at (32
°
F. ) and under 8 pressure

equal to one atmmphere, weighs grame (seeChem istry ) ,
80 the total we ight of oxygen taken up by the lange daily 18
583 .2 x 833 .9gmme. nsing 1nchee andgraine as

standards, cnbie inches of oxygen at the above tem
perature and pm nre weigh almost exactly 16 gmins, 80
the cnbic feet absorbed in the lange daily we igh
X 1728 44.5X 16 grai ne.
The amount of carbon dioxide excreted from the long
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t iv e li ttle of that gas. The headache and drowä nm

which come 011 from sitting in 8 badly ventilated mom, and

the want of energy and general 111-heal th which result tmm
permanently living ineuch , are dependent on8 slow poieon
1ng of the Body by the mabeorption of the th ings elim i
natedfrom the lange i n prev ious respirationa. What these
are 18 net accumtely known ; they (1011t 8 88 belong to those
volatile bodies mentioned above, 8 8 carried 05 inminute
quentitiee in each breath ; since observation shows that the
8 11' becomes injurions long before the amount of carbon
dioxide init 18 entfieient to do any hmm. Breath ing 8 11

containing one or two per cent of that gas predneed
by ordinary chemical methods does 110 particular injury

,

but breathing air contain ing 0118 per cent of it produced
by respiration 18 decidedly 1njnrioue, because of the other
th ings sent out of the lange at the same time. Carbon
diox ide i tse lf, at least in any such peroentage 8 8 18 oem»

mouly found in 8 room ,
18 net poisonoue, 8 8 need to be

bel ieved, but, since it 18 tolerably easily eetim8 ted in a ir ,
whi le the actually injnrious substances evolved in bmath
ing are not, the puri ty or foulness of the air in 8 room 18

usually determ i ned by finding the percentage of carbon
diox ide init; but it must be hom e inmind that to mean
much th is must have been pmdneed hy breath ing; other
wise the amount of it present 18 no guide to the quanti ty of
really important 1njnrions substences present. Of course
when 8 great deal of carbon dioxide 18 present the 811- 18
irrespirable : 8 8 for example somet imes at the bottom of
wells 01° brewing-vete.
111 one m inute 8 8 we have seen (p. 366) .5 15

l iters enbic feet) of breathed and vi tiated wi th
carbon.dioxide to the extent of rather more than four per
cent ; this, m ind Wi th three times i ts volume of exte rnal
air, would give th irty litere (8 li ttle over one cnbic foot)
vi tiated to the extent of one per cen t, und euch air 18 no
longer respirable for any length of time with safety. The

result of breathing it for 8 11 evening 18 headwhe and gen
eral malaise ; of breathing it for weeks 01° months 8 lowemd
tone of the whole Bedy—leee power of Work, physical 01°
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Ventilationdoes not necessarily mean draughts of cold
air

,
8 8 18 too often suppoeed. In warm1ng by i ndirect radia

tim1 it may reaxdily be secured by fixing , in addi tion to the
registers from which the new warmed air reaches the room,

corresponding openings at the opposi te side , by which the old
air muy pass 05 to make room for the fresh. Ah open fire

111 8 room will always keep up 8 current 01 air through it,
and 18 one of the heal thiest , though not the most economi
eal, methods of warming an apartment.
Stoves 111 8 room , unless constantly supplied with fresh air

from without, dry i ts a ir to 8 11 unwholesome extent. Ifno

appliance for providing th is supply existe 111 a room, it can
usually be got, wi thout 8 draught, by th ing 8 board about
four inches wide under the lower M and shutting the
wi ndow down onit. Fresh air then oomes 111 by the open
ing between the two sashes and 111 8 current directed
upvmrds, which gradually (1181188 8 i tself over the room wi th
out be ing felt 8 8 8 draught at any one point. In the
method Of heating hy direct radiation‚ the apparat1m em

ployed provi des of 1toelf no means of drawing fresh air into
8 room, 88 the dmoght up the chimney of an open fireplace

or at 8 stove (108 8 ; and therefore special inlet and outlet
openinge are verynecessary. Since fewdoor: and window ,
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fortunately, fit quite fight, fresh mr gets even into closed
rooms, 111 tolerable abendanee for one or two 1nhahi tanß,

ii there be outlete for the air already 111 them.

Changes undergone by theßlood inthe ll.m Th ese
are the exact reverse of those exhibi ted by the breathed ai r
—what the air gains the blood loses, and vice versa. Con

sequently
‚
the blood 1088 8 heat and water, and carbon

dioxide 111 the pulmormry capillaries ; and gains oxygen .

These gains and losses are accompanied by 8 change of col or
from the dark purple which the blood exhibite 111 the pul
monary artery, to the bright acadet 1t poeeesses in the pul
monary ve1ns.
The dependence of this color change upon the access ot
fresh air to the langewhile the blood 18 flewing through them ,

08 11 he readily demonstrated . II 8 rabbi t be rendered
uneonscions by chloroform , and i ts cheat he opened , after 8
pair of bellows has been connected wi th its windpipe, it 18
seen that, so long as the bellows are worked to keep up
artificial msp 1ration, the blood in the right side of the hea t
(8 8 seen through the thin auriele) and that in the pulmo.

nary artery‚
18 dark colored , while that in the pulmonary

ve1ns and the left auricle 18 bright red. Let, however , the
artifieial respiration be stopped for 8 few seconds and,
eonsequently , the renewal of the air 111 the l1mgs (since 8 11
an imal cannot breathe for i tself when its cheat 18 opened ) ,
and very soon the blood returns to the left auriele 88 dark
8 8 1t left the right. In 8 very short time symptoms of
sufiocation show them elves and the an imal dies, unle&
the bellows be again set at work.
The B lood Gases. If fi-esh blood he rapidly exposed to

88 complete 11 vaenum 8 8 can be obtai ned it gives ofl certai n
gases, known as the gases of the blood. These are the same
in k ind . het difler in proportion , 111 venous and arterial
blood ; there being more carbon diox ide and less oxygen
obtainable from the venous blood going to the lange by the
pulmonary arte ry, than from the arterial blood com ing back
to the heart by the pulmonary ve11m. The gases given 03

hy venous and arterial blood, measured under the norma l

g w nre and at the normal temperature (see Physics),
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This suggeeta that the coloring m8 tter or bmnoglobin of

the red corpuscles combi nes with oxygen to form 8 wartet
emupound, 8 1111 when deprived of that gas has 8 da her and
more pnrple color; and further experimenta eonfirm th is .
Hmmoglohincombined with oxygen is known 88 ozyhamo
glob1

'

u and it 18 on i ts predomi nance that the color of
arterial blood depends. Hmmoglohinuncombi ned with oxy»
gen 18 reducedhwmoglobin; it predominatee 111 venous blood,

and 18 done found in the blood of 8 st1ift 1118 1111118 1.

Liquid, In order to understand the condi tion of the gu tes
in the blood liquid it 18 necessary to reed] the genen] hw s

111 weordanoe with which liquids absorb They are
8 8 followu

1 . A given volume of 8 liquid at 8 defini te tempentfl e

if it absorbs any of 8 gas towhich 1t 18 exposed , and yet does
not eombine chem ica lly wi th it, takes up 8 definite volume
of the gas. If the gas he compressed the l iqu id will still ,
8 t the same temperature , take up the same volume ashefme.

but now it takes up 8 greater weight ; and 8 weight exactly
8 8 much greater as the pressure 18 greater, since one volume
of 8 ges under any pressure contai ns exactly twice as much
of the gas by weight 88 the 88 1118 volume under half the
pressure, 8 1111 80011. A l i ter or aquart of water , for example ,

exposed to the air will dissolve a eertainamount of oxygen.

If the 8 11 (8 8 d therefore the oxygen in it) be eomp1ewed to
one fourth i ts bulk thenthe water will dissolve exactly the
same volume of oxygen 88 before, but th is volume of the
compressed 3118 wi l l em1 tain exactly four times 8 8 much
oxygen 8 8 did the same volume of t he gas under the orig1‘
118 1 1118 88111 8 ; and ii now the pressure be again dim ini sh ed
the oxygen w i ll be given 011 exactly in pmportion 88 i ts
pressure on the surface of the water decreasea Finally ,
when 8 complete vacuum is formed above the surface of the
water it will be found that the latter h118 given 03 811 its

dissolved oxygen . This law,
that the quanti ty of 8 gas (118

solved by 8 11q111d varies directly 88 the pressure of that gas
on the surface oi the liquid is known as Dal ton’s law (see
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2. The amoun t of 8 gas dissolved hy a liquiddepends, not
on the total pressure exerted by 811 the gu ee press ing on
i ts 8111 18 8 8 , but on the inetionof the total pressure which
is exerted by the particular gas inquestion . For example,
the to tal atmospheric p1'8 88 1118 18 equal to that of 8 column
01 11181 8 1117 760 111111. (30 inches) high . But 100volumes
of 8 11 110a approximate ly 80 volumes of nitregen 8 1111

20of oxygen : therefore of the total pressure 18 due to
oxygen and to ni trogen : 8 1111 the amount of oxygen
absorbed hy water 18 juet the 88 1118 8 8 ii all the ni trogen
were removed from the 8 11 8 1111 i ts total pressure there
fore rednoed to of 760111111 . (301118h88) of mercu ry ; that
is to 152 111111. (6 inches) of mercury pI‘OBGIH‘

O. It 18 only
the traetion of the total p1‘888 111 8 exerted by the oxygen
itw which afleets the quanti ty absorbed by water 8t any
given temperature. Se. too , of all the atmospheric pweeaure
18 due to ni trogen , and 1111 the oxygen might be removed

from the 8 11 wi thout afleeting the quanti ty ot n itrogen
which would be absorbed from it by 8 given volume of
water. The atmospherie pressure would then be of 760
111111. 01 mercury, er 608 mm. (24 1118h88 ), but 1t would 1111
he due tnnitrogen38 8—8 8 11 be exactly equal to the fraetion
of the total pressure due to that gas before the oxygen was
removed from the 8 11 . When several gaeea 8 18 m ixed to
gether the tractionof the total pressure exerted by each
8 118 18 known 8 8 the partial p reseure of that 918 ; and it 18
11118 partial p 1'8 88 1118 whi ch determi nes the amount of each
individual 388 dissolved by 8 liquid. If 8 liqu id exposed
to the 811 for some time had taken up all the oxygen 8 1111
nitrogen it could at the partial p1888111 8 8 of those gaees i n
the 8 11 , 8 1111 were then put in 8 11 atmosphere in which the
oxygen had 8 11 been replaced by ni trogen , it would new
give 05 8 11 its oxygen 811188 , al though the total gaseous
p18 88111

‘

8 011 it W8 8 the 88 1118 , 110 part of it was any longer
due to oxygen ; 8 1111 at the same time 1twuuld take up
more nitmgm1 , since the whole gw ous pressure oni ts 8111
taoe 11 8 8 new due to that gas wh ile before only of the
total 11788 8 1 8e hy it. If

, onthe centur y , the l iquid were
exposed to pure hydrogen under 8 111888 111 8 of 0118 m
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phere it would give 05 811 its pre1douely dimolved oxygen
8 1111 ni trogen, 811188 none of 1hepresst11'e 011 118 surface wou ld
now be due to them gnes ; and would take up as much
hydrogen 8 8 corresponded to 8 pressure of that gas eqna.l to
760111 111 . of mercury (30
3 . A l iquid may be euch 8 8 to eombine chemical ly wi th

8 ges. Then the amount of the gas 111180111811 18 indepen
dent of the 118e pressure of the gas 011 the surface of the
l iquid. The quantity absorbed w111dependupon howmuch
the liquid 88 11 combine with . 8 11q111dmay partly be
composed of th ings which simply di ssolve 8 gas 8 1111 pmtly
of things which chem ically comb ine with it. Then the
am ount of the gas taken up under 8 given partial pressure
W111 depend on two things ; 8 certain portion , that merely
d1ssolved, will vary wi th the pressure of the gas 111 question ;
but another portion, that chemiczflly combined , W111 rema in
the 88 1118 under different p1 88811188. The amount of this
second portion depends only on the amount of the sub
stanee i n the l iquid wh ich 08 11 chemical ly 80111111118 with it,
and 18 totally independent of the partial pressure ai the

4. Bodies 8 18 known which chemically comb i ne with
certain gaeeewhen the p8 1'1181 pressure of these 18 80118 1118 1
8 b18 ; but the eompounds thus formed 8 18 brokenup , and

the gas l iberated‚ when its partial pressure on the surface
of the l iquid f8 118 below 8 certai n limi t.
5. A membrane, moistened by 8 liquid in which 8 gas 18

80111b18 , does not essentially al ter the laws of absorption‚ by
8 l iquid 011 0118 side of it, of 8 gas present on i ts other si de,
whether the absorption be due to 1118 18 solution or to
chemical 80111111118 60118 or to both .

the physical 8 1111 chemical tact8 818 18 11 in the preceding
paragmph to the blood , we fi nd that the blood contain s (1 )
plasma, which simply (1188011 8 8 oxygen, und (2) hamaglobin,
which combines wi th it 8 8 118 1 801118 partial p1 888 111'88 of
that gas, but gives it up under lower.
Blood plasma or

, what comes to the same thing, fresh
semm, exposed to the 8 11 , takes up no more oxygen than 80
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amount at ordinary temperatures, and sti ll less 8 t the tem
perature 01 the Body, were it not 101 its hmmoglohin. In
the lange even 1888 would be taken up, since the 8 11 in the
8 11 -08118 of those o1gans 18 poorer in oxygen than the

external 8 11 ; and consequently the partial pressure of

that gas in it 18 lower. The t111111 8 11 taken 111 at each
breath serves merely to renew directly the 811 in the b ig
bronch i ; the 1188 1181 0118 examined the pulm0nary 8 11 the
1888 oxygen and more carbon 11101 1118 would be foun d ,
ti ll, in the layers farthest from the exter ior and only 1 8

newed hy diflusionwith the 811 of the huge bronchi , it 18
estimated that the oxygen 0n1y existo insuch quanti ty that
its partial pressure 18 equal to 130mill imeters of mercury ,
instead of 152 8 8 in01 111n111y 811 . Inthe second 111808 , 1111

account of the way in which hamoglobin 00m1118 8 8 wi th
oxygen

,
the quanti ty of that gas taken up by the blood 18

independent of such variatione 0f 118 p8 1fi8 1 pressure inthe
atmosphere 88 we 8 1 8 subjected to indaily life. At the top
of 8 high mountain , for example, the atmospheric 111 88 8 11 18
18 greatly diminished , but et111we 08 11 breathe fre e andget

8 1] the oxygen we want. Se long 8 8 the partial p18 8 1111 18 of

that gas remains above 25mi llimeters (1 inch) of 1118 108 137,
the amount of it taken up by the blood wi ll depend onhow
much hwmoglohin there 18 in that liquid andnot on how

much oxygen there 18 in the 8 11 . 80, t00, 11188 th111g pu re
oxygen under 8 p18 881118 of one atmosphere‚ 01 8 11 oem

pressed to 01 its bulk, does not 18 0188 88 the q1mnt1ty of

that gas taken up by the blood , apart from the very 8 1118 1]
extra quanti ty which would 118 1118801118 11 by the pl8 ema .

All the widespread statemente found 88 to the exh1
'

lamtion

8 1111 excitement 08 118811 by breathing pure oxygen 8 1 8 , 8 8 8

matter of fact, erroneoua, be ing founded 011 early experi

ments made with 1mpure gm , and corrected by many 00m
petent observers si nce.

The General Oxy gen Interehangea inthe Blood. We

may now try to depict what happens to the blood oxygen
in8 complete circulation . Suppose we have 8 quantity of
8 118 118 1 blood inthe 801 18 . Thie, fresh from the 11111g11, will
have its hwmoglobin almost fully combined wi th oxygen
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8 1111 in the state of oxyhmmogloh
'

m. Inthe blood 1118 81118
801118 11101 8 oxygen wi l l be dissolved 8 1111 80much as 8 8 8 118 18
to 8 {1188 81118 of that g8 8 equal to 130111111 . 11101188 ) of

1118 10111y, which is the 118 11 18 1 1118 881110 01 oxygen in the

pulmonary air008 118 . Thi s londonof the gm in the plasma
wi l l be more th1111 8 11111018 11t to keep the h18 1110g10h111 from
giving 011 118 oxygen . Suppmse the blood now 8 8 18 1 8 the

capillaries 01 8 1110801& In the liquid 111018b811111g this 01ga11
the oxygen tens ion is almost 8 11, 8 11108 the 1188 8 8 elemente
8 18 8 t8 111111y tak ing thegas up 110111 the lymph 8 10111111 them.

Coneequently , through the capil lary walls, the ph1e11111 Will
give 05 oxygen until the tensionof thut gas 111 it 18 118 below
25 mi ll imeters of mercury. Immed1ately 801118 of the oxy
hwmoglobin18 deccmpow1i , 8 1111 the oxygen liberated 18 1118
8011 8 11 inthe plasma, 8 1111 110111 them againp8 88811 011 10the
lymph outside ; 8 1111 80 the tens1on 111 the plasma 18 01108
111018 10W8 18 11 8 1111 111018 oxt moglobindeeompoeed. This
goes 011 so long 8 8 the blood 18 in the 08 111118 1188 01 the

111 118018‚ 01 at any rate so long as the 11111801118 1 611188 keep
ou taking oxygen from the lymph bath ing them ; ii they
08 8 88 to 110 8001 008 188 the tension of that geninthe lymph
111111 80011 001118 to equal that inthe plasma : the letter Wi l l
thereforecease to yield oxygen to the 1011118 1 ; 8 1111 80 1111111»
tai n its tens1011 (hy the oxygen recei ved from the last (18
00111p088d oxyhm oglohin) at 8 point which will preven

’

the 111181 85011 0! any more oxygen from such 18 11 001118 811188
8 8 hmmnot yet given 811 the irs up . The blood w ill nowgo
011 8 8 ordinary 1 8 110118 blood i nto the 11818 8 of the muscle
8 1111 80 back to the lange. It will 008 818t of (1) p lasma
wi th oxygen 11188011 811 in it at 8 tene11m of about 25 m i l l i
meters (l inch)°of mercury. (2) A number of 1 8 11 cor

|1118018 8 contai n ing reduced hwmoglobin. (8) A 11a of

1811 001 11 11813188 contai n ing oxyhzemoglohin. 01 perhaps all
of the 18 11 0111p8 80188 will conta i n 801118 reduwd 8 1111 801118

u1ti1lized hmmoglohin. The relative p00p01t1011 01 18 11110811
111111 unredueed hamog lohi11 will depend on howw tive the
111 118018 W118 ; if it W01k8 11 while the blood flowed through it
it W111 b8 1re 1188 11 up more oxygen, and the blood leaving it
Wi ll consequently be 111018 veneus, th1111 if it 188t8 11. Thi8
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and digested. The activi ty of the mamlee and the dig etivé

glands is dependent on processes wh ich give rise to a larg e
production of carbon diox ide and, during the night, when
both are at rest, more oxygen is taken up than is con tained
in the carbon diox ide el iminated. If a manworks and
takes hie meals at night, and eleeps i n the day, the usual
ratiosof his gaseous exchanges wi th the exteriorare en tire
reversed.

4. The amount of work that man’s organe do, is not
dependent 011 the amount of oxygen supplied to them , but

the amount of oxygen used by him depends onhow much
he uses his organs. The quantity of oxygen supplied mnet
of course always be, at least, that required to prevent snfi <>ea

tion ; hat an excess above thi s limi twi ll not make the tissues
work. Just as a manmust have a certain amount of food
to keep him alive, so he must have a certai n amount of
oxygen ; hat es extra food will not make his tim es 01° Mm
(who is physiologieally the sum of all his tissues) work,
apart from some et imulus to exertion

,
so it is with oxygen .

H ighly arterialiwd blood, or an abnormal amount of blood ,
flowing through an organ will not aromse it to activi ty ;
the working organ , muscle (p . 257) 01

° gland (p . for ex
ample, usually gets more blood to supply i ts extra neede
just as healthy manwho works wi ll have a better eppe
ti te than an idle one ; hat es taki ng more Iced by an i dle
man will not of i tself make him more energetic , ao ne i ther
will sending more arter ial blood through an organ exc i te
it to act ivi ty.
5. The preoeding statement is confirmed by experimen te
which show that an animal uses nomore oxygen in an hour
when made to breathe that gas ina pure state , than w hen
allowed to breathe ord inary air. In other werde, the
amount of oxygen an animal uses (provided it gets the
m inimum necessary for health ) is dependent only 011 how
much it uses i ts tissues. These (the rest in most czwes enh

jcet to a certain amount of control from the nerv0us) de
termi ne their own activi ty , and this, i n turn , how m uch
oxygen ehall be used in the systemic circnlation and re.



storedinthe pulmonary. Inother words, the physiological
work of ananimal , which inturn is large dependent upon
how external forces act upon it, determ ines how much
oxygen it uses dailv : and not the supply of oxygen how
much its tiss11e act1vity shall be, unless the supply sinks
below the starvat ionl imi t.



CHAPTER XXV I .

THE NERVOUS FACTORS OF THE RESPIRA

TORY MECHANISM. ASPHYX IA.

are to a eefl aiu extent under the oontrol of the wilk vve

wewish, andennalso hold the breath for same time—hnt
the volun tary control thus exerted is limited in ew t;

no one can comm i t suicide by holdi ng his breath. In
ordinary quiet breath ing the movements are qui te invohu -p

tary ; they go on perfectly wi thout the least attention on

our part, and, not only insleep, but during the uncom oioue

neesof fainting or of anapoplectic fit. Thenatnrul bm th

ing movemen ts are therefore e i ther reflex ar automatic.

The musclee concerned in producing the changesm the

ehest which lead to the entry or exi t of air am of the
wdinary striped kind; a11d these , ae we have eeen‚ only oou

tanzt i n the Body under the influence of the nervea going
to them ; the nervee of the diaphrngm are the two phm ic

nerme (p. one for each side of it; the external i n ter
coetal mnecles are supplied by certa in hmnchee of the dar

phrenicnervee he ent the diaphragm ceases its oonh actions,
anda similar pomlysis of the external interooetals fo llows
section of the interomtal nervee.

by nervous impulses t eaching them , we have next to see le
where these impq e originate ; and experiment shows that
it is inthe medulla oblongata. All the bminof a cat or s

mhhit infront of the medulla cnnhe renm ml, and it wm
stil l go onbreathi ng; and children are sometimes bornvrifi
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large under reflex control ; a flash ef oeldwatm c

skin, the irri tation of the nasal nmeons membm
ennfl, or of the larynx by a fore ign body, Wi ll each
modificationin the respiratorymovements—a long im
breath, meeze, or a cough. But, although thus 8 1
to influenoes reaching it by aßemnt nenes, the respi ‘

centre seems m entialiy independent of such. In

an imals, as rabbi ts, (and ineon1e men, ) marked hrea
movements take pwe i n the nostr i ls, which dilate
inspiration ; and whenthe epinal card of a.rahbit is cm !
to the medulla, thus cutting 06 al l aflerent nerv0t
pnleee to the respiratory centre except such as may
it through cranial new es, the respiratory movemen ts 1

nostr ils stil l continue unti l death. The movementa
ribs and diephragm of conm oease and eo the a

dies very soon unless artificial respiration be mai nt=
Moreover , ifafter cntting the spinal card 8 8 abovedene
all afferent cranial nervee be divided , 80 as to out 0
respiratory centre from all poss ible aßerent nerven
pulsee, the regular breath ing movements of the m
continue. It is, therefore, obv ious that the activity c
reepiratory centre, however much it 1nay he capd
modification through sensory h enee, is essential ly
pendent of them ; in other words the normnl m pi

movements are not reflex.

What it is that m m th e m w Centre.

thing that, above all others, influencee the respiratory
is the greater or less venosity of the blood flowing th
it. If this blood be very rich i n oxygen and wmpare
poor in carbon dioxide the respiratory centre note but 1
and the respirations are shal low. If, onthe other ham
blood be highly venens the respiratorymovements are
rapid than normal, undforced, the extraordi nary mus
respiration be ing called into play ; thin state of

labm*ed reepimtion, due to deficient aémtionof the bh
called dyspnwa . Normal qu iet breath ing is mw a .

blood be highly aémted, 8 8 by keeping up forced w
respiration for a time, all respiratory movements ceae
highly oxygenated blood does not excite the reep i
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at all for some time; this condi tion ism an, though phy
eieiane by the word apn<ea commonly mean mer e extreme
dyspncm . If an an imal be mnde apnceic and the artificial
m piration stopped ‚ its blood , during the cessation of the
reepiratory movements , gradually losing oxygen md reeelv»
ing carbon dioxide ‚ pw es into the state of ordinary blood
and agai n stimulates the resp iratory centre, and the breath
ing movements then reeommenee.

How it is that highly venone blood eauees great excite
tion of the resp imtory centre, and highly arterial cessation
of its acti vi ty, is not eertainly known butwe maymake the
following prov isi onal hypothesis. The chem ical changes
occurring in the respiratory centre give rise to mhetance

or substaneee which stimulate its nerveooells. When the
blood is tiehly supplied with oxygen th is substanee ia oxi
dized and removed as fast as it is formed , and 80 the eentrc
is not em ited. When the blood , onthe other hand, ianu
usually poor inoxygen , this stimulating body aoeumulatee
and the respiratory discharges become more powerful .
Under normal cirenmetaneee the blood oxygen is not kept
qui te up to the point of entim removi ng th is exci ting
substance, and the centre is stimulated so far as to pro
duce the natural breath ing movements but not the more
foroedonee of dyepncea. That the stimulating cause, what
ever it is , acta upon the resp imtory centre and not upon the
various organs of the Body and through the ir sensory
nerven, in turn , uponthemednlla, is proved not only by the
facts above ci ted showing that the respiratory centre con
tinnes to act when all aflerent nerves are cut of! from it,
but also hy experiments which show that the circ111ationof
venons blood through the body of an animal, while at the
eame time i ts rmp irate ry centre ia mpplied wi th arterial
blood, does not produce dyspncea ; while sending ve11ous

bloodto themedulla andat tenel to all the 11est of the Body
does cause dyepnma.

complete respiratory act consists of an inspiration, 8 11 expira
tion and pause ; and then follow the i nspiration of the
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fact that all of theee
the larynx) contract as nmel in breathing
pneumogastric nervee have been divided. Sti ll ,
of both nervee has a eonsidemhle influence on

chargee of the reepiratory centre is liable
may be increased, and then the dischargee
larger ; or diminiehed, and then they will
hat each one lese powe8'fnl. If the 8p1‘ih
tionneed in the preceding pamgmph, be made
while the inflow of water to the tube remaine the
ontflowswill be le88 frequent but each one greater
m m . The efiect
may , themi o

lost to the centre, and its impa lace
before they hweak out, but wi ll be
This view is confirmed by the fact
central ende
back the
strenger
strenger st ill, abolishes the respimtory rhythm
with the inspirato 1y muscles in a steady state of
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traction. That is to say , the resistance to the dieehnrgee 01
the centre be ing entim taken away (which is equivalent
to the total removal of the spring 1nour example), the een
tre sende ent unin terrupted and non-rhythmi c stimul i to
the i nspi ratory mneolee.
The pneumogaetrienw egives two hmnchesto the larynx ;
known respectively as the mpan

'

or and inferior (rem rrm t)
Wyngoal nervee; the action of these on the resp imtory
centre is opposi te to that of the fibres from the

°

lnnga

com ing up i n the main pneumogastri c trank. If the
superior laryngeul branch be divided and i ts central end
st imulated , the reepirations become less frequent but each
onemore powerful ; henee this nerve is suppoeed to increase
the resistance to the dischargee of the respiratory centre.
The same, but to a. lese degree, is true of the inferior laryn
geal branch .

breathing as due to the rhythmically al ternating ac tivi ty
and rest of an inspiratwy oentre—and such is the case in
normal quiet breathing, in which the expirat ions are pas
sive. But i n dynpnma expiration is a muecular act, and
80 there must be section of the respi ratory centre control
li ng the expiratory muscles. This part of the respiratory
centre, however, is less im* i table than thei nspiratory part,
and henee when the blood is in a.normal state of aérati<m
never gets st imulated up to thediechnrging point. Indyep
nma the stimulus becomes enflicient to eanee it also to
d1echarge , but only after the more initahle i nspiratory
centre ; henee the expiration follows the i nspirat ion. This
al ternation of acti vi ty ia, moreover, promoted by the fact
that the pneumogastric nerve-fih ee coming up from the
lange are of two Rinde. The predominant sort are those
already referred to, which dimin ish the reeietanee to die
charge of the i nspiratory centre

,
and perhaps also increase

the resistance to the expiratory discharge. This eat is ex
ci ted when the lange dim in ish in bulk, 8 8 i n expiration ;
and when the whole nerve is stimulated electrically they
usually get the better of the other eet, which carry up to
the mednlla impaleee wh10h i ncrease the res istance to in



398 TH HUMAN BODY.

spiratory d ischarges and diminish that to expiratory, md
are stimulated when the lange expand. Henoe, every ex
pension of the lange (inspirati on) tende to promot e 1111

expiration , and every collapse of the lange (expiration) tendc
to produce an inspiration ; and se, through the pnenmo
gastric nerves, the respiratory mechanism i8 large mx

various ways ; as by strangulati on , which prevente the entry
of air i nto the lange; or by u posure in an atmmphem con
taining 110 oxygen ; or by putting an animal ina neuem;
or by making it breathe air containing a gas which has 11
strenger aflinity for hmmoglobin than oxygen hu , md

which, theretore‚ tnrne the oxygenout of the redoorpm clee

and takee its place. The gaeee which do the latter m

very interesting since they serve to prove oonelneively
the Body eanonly live by the oxygen carried round hy the
hwmoglobinof the red corpuscles ; that amount diewh ed
i n the blood plasma be ing insutficient for i ts ne'eds. Oi

such gaeeeearbonmonox ide is the most impot and heat
studied ; inthe favori te French mode of wmm itting suicide
by etopping up all the ventilation holee of a room and
burning chareoal ih it, it is poieoning hy carbonmomoxide
which canses death .

If aerated whipped blood,
or 11 solution of oxyhmmoglohin,

he exposed to a gaseona m1xtnre containing carbon mon
oxide, the l iquid will abwrh the letter gas und give ofl

oxygen. The amount of carbon monoxide taken up will
(apart from a small amountdieeolved in the plasma) be inde
pendent of the partial pressure of that gas in the gamona
m ixture towhich the blood isexposed ; the qm tity aheorheci

depende on the quanti ty of hmmeglobin in the liquid.
and is replaced by an equal volume of oxygen 11m
This equivalence of volume, of itself, proves that the pho
nemenou is due to the chemi cal replaoement of am
in some compound, by the carbonmonoxi de ; for if the
carbon monoxicle were mer e dissolved in the liquid in
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of the inspiratwy. Thusnndue want of oxygen
merely brings about an increased activi ty of the m
centre, and especially of i ts expimtory div ision v l
em ited i n normal breathing. Then it stimulates
tions (the mnvuh ive centre) of the medull. eblon

inthe mednlla(andnot, 8 8 might be m ppceed, to
of the muscles by the extrem e venons blood) is
the facts (1) that they do not oeenr inthe trunk 01 :
when the spinal card has been divided inthe nee
amt ofl themnsclee from the medulla ; and(2) that
occnr ii (the spinal card rema ining undivided
parts of the brain in front of the mednlla hm

The violent exci tation of the nerve-centres soon
them, and all the more readi since their eryg
(which they l ike all other tissuee need in order to
their act ivi ty) is cut 03 . The cm1vnlsione therein
ally eeeee, and the animal becomes ealm again , 81
oocasional act of breathing when the oxygen m
80 great 118 to cause efiicient st imulation even of
respi ratory centre : these final movementa an

tim e and
, heeon1 ing less and less frequent, at 1



Q rcnlatory Chang e. inAsphy xi a. During death hy
snfioeation eharacteristic changes occur i n the working of
the heart and blood-vesoel& The heart at first beats
qui cker, but very soon , before the endof the dyupnaaic stage,
more elowly, though, atfirst, more poweflnlly. This elowing
is due to the fact that the nunmal want of oxygen leads to
stimulation of the carri io-inhibi tory centre i n the mednlla
(p. 250) and this, through the pneumogastric nerven, 810W8
the heart’s ha t. 80011 , however, the want of oxygen aflects
the heart i tself and it hegins to beat more feebly

, and 8180
more alowly‚ from exhaustion , unti l i ts final stoppage.

During the second and third stagenthe heart and the veme
eavm become greetly overfilled with blood, because the
violent muscular contractions fac il i tate the flow of blood
to the heart, while i ts beats become too feeble to send it
out again. The overfllling is most marked on the right
side of the heart which reeeives the venons blood from the
Body generally.
During the first and second stagee of asphyxia arterial
pressure rises in11 marked degree. This 18 due to exci tation
of the vae0-motor centre (11 254) by the venous blood, and
the eoa uent oonetriotionof the 11111801118 1 coate of the
arteries and increase of the periphere] resistance. In the
third stage the blood-pressure fal ls very rapidly, become
the feen acting heart then tei le to keep the arteriec
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tenee, even al though their
the rate at which they empty
nes.

Anothermedullary centre unduly excited during asph yxia
is that from which proceed the nerve—fib1es govern ing
those muscular fihres of the eye which enlarge the pnpil.
During suffocation, therefore, the pnpils become v ulely
dilated. At the same time all reflex irri tabi l ity 18 10811, and
touching the eyeball ce11ses no wink ; the reflex centree all

over the Body being rendered , through want of oxyg en , ih
capable of activi ty. The same is true of the higher nerve
centres ; nnconseionsness comes on during the e<mvnlsive

stage
,
which , horrt e es it looks, is unattended with m&m‘

long «drmvni nspiration followed by 8 shorter h11tmneepend
ingly large expiration. Yawm

'

ng 18 similar, but the air is
mainly taken 1nby the mon th instead of the nose , and the
lower ]ßW is drawn down 111 a ehameteristic manner . H ie

cough depends upon 8 sudden contraction of the diaphragm,

while the aperture of the larynx closes ; the entering 1111 .

drawn through the narmwing opening, oenses the peculiar
sound. (laughing eonsiste of 11 ful l i nspiration followed by
11 violentandrapid expiraüon, dur ing thefiret pu t of which
the laryngeal opening is kept closed ; be i ng afterwards sud
denly opened , the air i ssues forth with 8 rush , tendi ng to
carry out wi th it anyth ing lodged in the windpipe or larynx.
Sw ing is much l ike coughing, except that, wh ile in a

cough the isth1nns of the faucee is held open and the air
mainly passes ont through the month , in sneezing the

fuuces are closed and the blast 18 driven thmugh the
nostrils. It is commonly exci ted by irritation of the 118 881
mnconsmembrane, but inmany persone 8 sudden br ight
light falling i nto the eye w i ll produce 8 sneeze. Laughing
eonsiste of 11 series of short expimtions following single
inspiration ; the lary11x is open1111 the time, and the vom !
eerde are set i n vihm tion. Oryt

'

ng is, phy
siologically‚ much like langhing and, as we all know , 0118

@en p8 8888 i nto the other. The accompanying contrac
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CHAPTER X XVII .

THE K I D N EY S AND SK I N .

cons ist of (1 ) the kidneys, the
m ine ; (2) the ureters er (1110
their eeeretion to (3) the urina ry bladder ,
which it accumulatee and from which it is
time to time through (4) 8 11 exi t tube, the
general m ngement of these parte,
shown in the figure oppos i te. The
dorml part of the lnmh8 r region of
one oneach side of the m iddle l i ne .

with 8 eonvex outer and 8 concave i
upper end 8 little larger than the lower.
abdominal &01't8 , A, 8 ram ! artery , Ar, en ters
border of each kidney, to break up within it

branches, ul timat e ending i n capillaries.
collected from these i nto the rena1 wine, Vr ,
leaves each kidney and opens in to the i n
Vo. From the concave border of each
8180 the unter, U, 8 elender tube from 28

i nches) long, opening below into the
i ts (1018 8 1 aspect , and near i ts lower en

bladder proceeds the urethm . at Ua . The
m eter pm s very obl ique through th

bladder to open into it ; accordine if the
the latter organ risee above that of the liqui d

walls of the ohliqne passage are pressed
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it is cloced. Umnlly the hhddev, v hich has nthi& om1

clonedhy elnztic tissue m und it (v hich cznvolnntu ily he
re inforced by mnacles which eomprem the tnhe) the nrine
accmnulstee inthe hlndder. Whenthish tm'

eontmcte and

m onite eonßnß, the uretem m eloeml in the m
ebove indicaüad, lhe eh : fic tihreneloeing the nrethral exit

from its outer to ite inner hordew(Fig. 1 15) it ie eeen thht
lu the h1

'

lu

the nreter wideh e out to form the pelm
'

a, which t
againinto anumher ofsmaller divieiona, the enp m aalim

The cut enrface of the kidney proper ie eeento consifl uf

more glietening to the eye, is finely strioted in a radial

direction, and does not wneist of one eontinuonsmm but

of 8 11a of eonical portione, the pyram1
’

dßof Malp 1
°

gM‚

each of which is separated from its neighbors by 8 11 111

11 8 111 of the cortical mhetanoe. Th is, how
ever, does not reach to the inner end of the pyram icl,
which projects, 88 the p ap 1

'

lkz, into 8 calyx of the me ta .

At its outer end each pyramid eeparatee into smaller por
tion , the pyram1

'

dc of Ferrain, 2
°

‚ separated by thi n layers
of cortex 8 8 11 gradually spreading everywhere into the 18 1
ter. The eorfieal snbetanee m redder and more gm1mhu

looking and lese thiny than the medul lary, and forms every
where the outer layer of the org1m next its capa 1le , beeiden

dipping in between the pyran11@s inthe way described.

The renal artery dividee in the hilus into brauchen(5)
wh ich runin to the kidney between the pymmide, giv ing ot!

letter and ending finally‚m1 8 much
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side, i nto the cortex and there di lates and 18 tw isted. It

then narrom and doubiee back again in to the pymmhi und
raus 88 8 straight tube towards the papflla, but be fore reach
ing it makes 8 loop, and tur1113 back again 8 8 8 straigh t tube
to the base of the pyrarnid, where it once more enters the
emt ex, dilates and Meomes eontorted, and th en ende in
8 spherical caponle, containing 8 tuftof small hlood- vmseln.
Or, followed the other way, each tua e comm ences in the
oortex with 8 globnler dilatation‚ the Muhvigh1

°

mnmpu le.

From th is it continuee 8 8 8 eonvoluted tubule in the
cortex ; th is p8 8888 into 8 pymmid, becomes straig h t, and
rune on 8 8 the deam dt

'

ng Zimt of 8 loop om le. Turn
ing at the loop , it continues 88 i ts ascendmgW , and this
p8 88e8 out again i nto theoortex and becomes the convoluted
functional tubula, which pemes 88 8 straigh t oollwting
tulmla i nto the pyramid and there joine others to form 8 11

m rotory tubule which opens ou the papilla. Through out
i ts eoüree the tubule is lined by 8 single layer of ep i thel ium
cells difiering i n character inits different sections. All the

tnbee are bonnd together hy connective tieene and blood
vessels to form the gland.

The B lood-Flow th rough the K idney . Thefinal twige
of the renal artery in the cortex, giving off 8 few branchee
which end in 8 capilh1ry network around the conveluhed
t11hules, are continued 8 8 the aß

'

mmt m ade of Malpi

gh ian capsulee, thewalls of which are doubled inbefore them
(Fig . there each breaks up i nto 8 li ttle knot ef
eapilh1ry vessels called the glomerulue, from which ulti o

mat e 8 11 ej
’

ermt vessel prooeede, and outside the eapenle

this hreaks up i nto 8 close capillary network among the 008 .

volnte<i tubes. From the eapillari% the blood is collected
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i nto the rene.l ve1n. Most of the blood flo
'

wing t hrough the
kidney thus goes through two seta of capillaries ; one in the
eapeulee, 8 1111 8 second formed
by the hm king up of the
efl

'

erent ve111 of the latter.
The capilhwy network in the
pymmide is much less close
than that inthe cortex , which
gim to euspect that
most of the work of
the kidneye 18 done in the eap
eulee 8 1111 eonvolnßd tubules.
The pymmidal blood flow

only through one eet of capil
18fl%‚ there being no glamo
ru li in the kidney medulh

EM t 1 1n
“

8 o1—3 The N .
—'l‘ho Lv

‘
f

'

egi.f—ä

amount of this w ried 08
m m mm .

from the Body in24 hours 18

ti on , being a pwially dim in mm ‘m m _

iehed by myth1ng which pro
motee perspiretion, and incre& ed hy condi tions 8 8 cold to
the surfaee, which diminiah the sk i n exemtion. 118 w em
daily q11u 1t1ty V8 1

‘188 from 1200 to 1750 sub. eent. (40
to 60fluid ouneee). The nrine 18 8 clear amber—colored
l iquid , of 8 slightly acid i ts specific gr1m

°

ty 18

about 1040, being higher when the total quantity exemted
18 8 1118 1] thanwhen it 18 greater, 81118 8 the amount of solide
dissolved in it remaine neerly the mm in health ; the
changes i n its bulk being dependm1t mainly on changes
in the amount of water eepemted from the blood by the
k idneys.
Normal urine eoneiete, 111 1000parte , of about 960water

and 40 solide. The letter are mainly crystall ine n itro
genone bodieo (w en8 11d ur£c acid) , but small q 1 1 titiee ef

pigments and of nou nitrogenoue orgmfic bodiee m

present , and8 eoneidm hle quantity of m i neral mlü.



Ut1c .Cid (COH‘NOOQ) o

The m ine , however, even in heal th is subject to
emble variati on in composi tion ; not only 8 8 regm

amount of water i n it, but also in i ts solid m ust

the latter are especiallymodifiedhy the quantity und
of the food taken.
100volumee of urine 00a 111 soluti on abou t
name of 38 8 , consisting of abou t 13 of carbon 111

of n itrogen , and were traces of oxygen.
H eeheninm of the B euel Beerefion. The kid1
secreting orgnns, consist of twodistinct parte ; (1) the
1 1111 through wh ich 8 filtmt1

'

onof water, probably v i
insolut ion, takes plaee; and (2) 8 11 actively seeretor
mtm ‚ formed hy all perteet the nriniiemuetuhulaee h
the ir terminal capsules and the collecting tnbee. 1

111e , wefind 1n thenrine bodiee, newater andcomm
which already exist i n the blood and can be removed
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M t hieh h di üu fl m i ßd nnflßinflt0 kidu p .

b dm i , toa‚ fmn u pp ed ou d them nl xu eth o, ma

b fonodtoncen.nh ninfb floul ü fl nd hoü

AN11ts ä dne to the accumnh tioo t these

p h of the ep%rnis



The mfle ofmaürial whieh nre peeledofi the akininthe
shampooh1g

”
of the Turk ish both, or hy rubbing with a

re=11gh towel after an ord inary warm both, are the
outer seeles of the homy etn11111nof the epidemüs.

In dark meee the eolor of the skin depends mainly on
minute p igmm t gmm ln lying in the deeper eells of the
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uni ted to form fibree; and in the centre of the 8h8 fi’

. then
18 found, inmany haire, 8 medulla, made up of more or 188
rounded 08118 . The color of hair 18 mainly dependent upon
pigment granulee lying between the fihree of the o1xe
All conta i n some 8 11 mviüee‚ especially 111 the 111811111111.
They m very ehundant i n whi%hm'

reamd8 8 118 8 the white
118 88 by reflecting 811 the incident light, j 8 8 8 liqu id besten
mt0 fine foam 100118 whi te of the l ig h t refiected
from the walls of 8 11 the li ttle 8 11 cavi ties in i t. In dark
h8 11 8 the 811 m vitiee 8 118 few.

The 118 11 follicle (Fig. 119) 18 8 8 8 11
—09; pit 01 the 118 11 1118,

projecting down into the eubent1meens t iesuo, 8 1111
118 811by 8ninvolution01 the epidermie. At the bottom of the

10111018 18 8 p8 p1118 the
8p1d8 1

‘

18 18 , f 1 38g h p 888 1

fih1®, be 1 1

with the hair.
papilla epid 1

multiply repiäly 80 loag 8 8

the hair ig 8 1111

the whole h8 il‘ 18 there
made 11p 01 man1 8 8118

m xn- m a m m mmm a As thwe edu

M i
l
ff
'

1
”
£ 118 811 0118?fh£$
them, the ontermost layer
become flet%ned and term

the hair cuticle ; 88V81‘8 1 mcooeding layere dengate
form the cortex ; while, 111 118 118 with 8 1z1q the
08 118 retain pretty much the ir original form and 8188 .

P11118d apart by the elongating cortical 88 118 , th
01188 then form the medulla with i ts 8 11 08 VM18 8 . Thu

innermoet layer of the epidermis , lining the 1111118 18 , 118 8 1%
08 118 projecting, with overlapping edgee tur ned down»
w8 1°d8 . Accordine these interlook wi th the 8

directed 8 112 88 of the 8 8118 01 the hair cutiele: 8011880118M1V
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the dermis to the side of the hair follicles. The letter are
obligae imphmted inthe skinso that the heim lie down
onthe surface of the Body, andthe muselee are so fixed that,
when they eherten, they erect the ha u and cause it to
hristle, asmay be wen in anangry eat, or sometimes ina

greatly terrified man. Opening into each hair folhele are
usually couple of eehaeeous glands (p. Hain are

found on all regions of the sk in exeept the 11d of the
hands and the seles of the feet ; the hack of the last phalanx
of the fingen and toee, the upper eyel ids, and one or two
other reg i0m .

Naila. Each nail is pert ef the epidermis, wi th itshom y
atratum greatly developed. The hack part of the nail ti ts
behind into a furrow of the dermis and is called its root.
The visible part eonsiete of a body , fixed to the derm is
heneeth (which forms the bed qf fhanad), mdof afree edge.
Near the root is a l i ttle area whi ter than the rest of the
nail and cal led the lumda . The whiteneea is due in part
to the nail being reallymore opaque there and partly to the
fact that its bed, which seen through the nail eaueee its
pink color

, is inthis regionless vaeeular.

The portionof the cerium onwhich the mail is formed
is called its matrix. Behind, this forms furrow l<xlg ing
the root, and it is bynew cells added onthere that the nail
growe in length. The part of the matrix lying beneath the
body of the neil, and called its bed, is highly vascular and
m ised up into papillm which , exeept in the regionof the
lunula, arearnmgedinlongi tudinal rows, nlightly diverging
as they runtowards the tip of the finger er toe. It is by
new cel ls formed onits bed and added to its under snrtaee
that the nail growe inthickness, as it is puahedforward by
thenew growth in length at its root. The free end of

neil is therefore its thickest part. II nnil is east” in
consequence of aninjury, or tom ofl, anew one is produced ,
provided the matrix is left .
The Glands of the Ski n are of two kinde, the sudori

parouc or sweet glands, and the M am as or oil gland3 .

The former belong to the tubu1m'

, the letter to the race
moee type. The sm t-glande‚ Fig. 120, lie inthe Buben»
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posed of eoiled

double) leadz to the surface, be ing
usually spirally eoiled as it pm

through the epidermis. The secret .

ing pm ef the gland eonsiete of a
connective- tissue tube, e ont i 11ne u 5
along the dnct wi th the dermis;
withinthis is membramc

and the final g cen5ista
of several leyere of glend-cel ls. A
cleee wpillary netwerk intertwines
with the eoile 01 the glaed. Sweat
glands are found onanregions of the
skin , but more el -o set in some
plm as the pslms of the hands and
the bmw, thenelsewhere. There are
altogetherabout twoendehalfmil lions
of them Opening onthe of the

openinthhair folliclee, and are found
wherever there are haare. Euch cen

siM of dnet opening near the month of am follielemd

hrenching at itsother end: thefina1 brancha la d intoglehu
ler secreting aaeeulee, which, l ike the dueü, are l ined with
epithel ium. In the eaeculea the sua of the m lle
heeomeecharged with oil-drops, theprotoplasmüsapm ing ;
andfinally thewhole cel l fal ls to pieces, itsdetri tusem tut

ing the secretion. New06118 are, menuwhile, formed to
the place of those destroyed . Usual

_

ly two glenda are een»
neeted with each ha ir follicle, but there may be three er
only one. A pair of seheeeous ghmds are reprem ted en
the sides of each of the hair fol licles inFig. 11 9.

The Skin Secretiona. The sk inbeeidee terming pro

tective covering and serving as a sense—organ
X X X IV. also plays an important part in regulating
temperature of the Body, and, as an excretory
carrying 05 certainwaste products from it.
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swm in the spinal card , which may ei ther he di
reetly excited hy blood of a higher temperature thannmel

flewing through them or, reflexly , by warmth eating onthe
exterior of the Body and stimulating the eensory nervee
there. Both of these agenciee commonly also exci te the

vaso-dilatornervee of them eeting part, and80the increased
hlood-supply goes along with the eeeretion; but the two

phenomena exe fundamentally independent.
The Seboeeous Seeretion. Thisieoily , semifluid, andof

a special oder. It contains about 50per cent of tete (olein
and palmatin). It lubrieatee the heim und usually renden
them glossy, evenin persone who nee none of the various
compounds sold as haira il.

” No doubt, too, it gets
epreadmore or less over the skin andmakes the cuticle lese
pem eahle by water. Water poured ona heal thy skin does
not wet it readi but mm 05 it, es

“
et! duck’e hack

though to a lessmarked degree.
Hy g iene of the Skin. The sehweous eeeretion, and

the sol id residue left hy evaporating sweet, constant ly
form a sol id film over the sk in, wh ich must tend to choke
up the months of thesweet-glands(the soocalled poree”

of

the sk in) and impede their activi ty. Hence the value to
health of keeping the skin clean: a daily hath should be
taken hy every one. Women cannot well waeh their hair
daily as it takes so long to dry , but a manshould immerse
hie heed whenhe takes his both . As a general rule, soup
should only he used oecesionally ; it is qui te unneceesary for
cleanlinesa, exeeptonexposed partsof the Body, if frequent
heth ing is habi t and the sk in be well rubbed aftem ards

until dry. Soap nearly always conta ins anexeess of alkal i
which initsel f injmeesome ek ins, and , besides, isapt to oem
hine chemiw with the sehecemzs secretion and carry it
too free away. Persone wheeo skin will not stand eeap
canfinda. good substi tu te, for washing the hands and face.

in a li ttle emumeal. No doubt many folk go about in
very good heal th with very little washing ; contact wi th
the clothes and other external objects keeps its excretiong

[rom aecumulating on the skin to any very great extent.
But apert from the duty of personal cleanlineee imposed on
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man es a social animal in daily intercourse with others,
the mere fact that the heal thy Body canmanage to get

along under uniavorahle condi tions is no reasonfor expos
ing it to them. A clogged skin throws more work onthe
lange and kidneys than their fair share, and the evi l cou
sequences may be expefleneed any day whensomething else
throws another extra strainonthem .

An imals, considemble portionof whose skin has been
iehed, die wi thina few hours. This used to be thought

due to po isoning hy retained ingrediente of the sweet.
But the real cause of death seems to be anexcessive redi»
tionof heat from the surface of the body, which the v ital
oxidative processes cannot keep up wi th , so the bodi tem

potature falls unti l it maches a fatal point, about 20
° 0.

(68
°
F. ) fer rabbi ts. If the animal be peeked inraweotton

or kept inenatmoephereat temperature of 30°0. (86
°
F. )

it will net die from the w h ishing.

Bathing . The general subject of hathing may be con
sidered here. One object of it is that above mentioned, to
eleanee the skin ; but it is also useful to strengthen and

inv igorate the whole frame. For strong heal thy persons
cold beth is the best, except inextremely severe weather,
whenthe temperature of the water should be raised to 15°

C. (about 60
°

at which it still feels quite cold to the
surface. The first cfiect of cold hath is to contract all
the eldn-vessels andmake the surface pallid. This is soon
fol lowed by reaction, inwhich the sk in becomes red and

eongeeted, and glow of warmth is fel t init. The proper
time to come out is while this reaction lasts‚ and after
emersion it should he promote<l by a good mb. If the

stay inthe eoldwater be tee prolonged the state of reaction
passes off, the skin again becomes pallid, end the person
probenfeele cold, uucomfoflahle, and depressed all day.

Thenhathing is injufious instead of heneficial; it lowers
instead of stimulating the activ ities of the Body. Hmv

long stay in the eold water may be made with henefit,
depends greatly onthe ind ividual ; a vigorousmancanhear
it andset up heal thy reactionafter much longer immer
eionthana feeble one; moreover, being used toceld bething
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of the water has a great influence : water eelled ‘‘
eold

may very wi thin very wide lim its of temperature, as indi
ceted by the thermometer ; and the colder it is the shorter
is the time which it is wise to remain init. Pereonswho
in the eompm tively warm water of Narregansett dar
ing the summer months stay with benefit and pleasure
inthe sea, have to eontent themaelves wi th a single plunge
011 parts of the eoaet where the water is colder. The

nature of the water has some influence ; the ealta contained
in eea-water stimulate the ek in—nerves and promote the

afterglow. Many persons who cannot stand a einlple cold
fresh-water beth take one with benefit whensome sal inesare
previously dissolved inthewater. The best for thispurpose
are proben those sold in the shops under the name of
sea-ealta

”

It is perfeefly safe to hethe when warm , provicted the

ski n isnot perspiring profusely, the noti ce commonly pro»
valent to the contrary notwithstanding. On the other
hand, no one should enter a cold heth when feeling chilly ,
er ina depmwed v i tal condition. It is not wiee to take
heth immediate ly after a meal , since the afterglow tende to
draw away toomuch blood from the digestive organs, which
are thenactiv e at work. The best time for a long both is
about three hoursafter breakfast ; but for anordinary deily
dip, laeting but a short time, them isno better period then
enrising andwhile sti l l warm from bed.

The shower- 1mth abstraets less heat from the skin than
an ordinary cold beth and, at the same t ime, gives it a

greater stimnlus: henee it has certainadvantages.

Persons infeeble heal th may dim inish the ehock to the
system by raising the temperature of the water they bathe
111 up to any point at which it still feels 0001 to the sk in.

Bath ing inwaterwhich £eelswarm isnot adflsable: it tends
generally to diminish the vita l activity of the Body. Henee
warm heths should only be taken occaeimmlly and for
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But if this were so the lange ought to
of the Body, and the blood leaving the
veinemuch better thanthat brought to
nary artery after it had beencooled hy
sues; andnei ther of these things is true. A small amount
of heat ia liberate<l whenhaamng lebincombines with oxygen
inthe pulmonary capillaries, but the aifinitiee thus eatisfied

are 80 teehle that the energy liberated is trivial inamount
whencompared wi th that set free whenthis oxygensnbee

enee 18 explained hy th
gas through the thin
tissues ; and in them

During its eontmction it evolves large
dioxide, al though the testing fresh muscle
any of that gas. Herewe have d irect evide
tak ing place in a l iving tissue and 111 con

functional activi ty ; and what is true of a
ahly true of all tim es; the omdations wh1

culating blood ex ists as ozone,
decomposing hmmoglobin does seem

exposed to the air, but fresh blood yiel ds
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Experiments made by addi ng various combustible sub

staneee, as enger, to b eeh hlood‚ aleo fail to prove the oe

enrnenee oi eny oxidationof such hodiee inthat l iquid.

Human Body, like that of other animals, is, onthe whole,
chem ically d& tm etive ; it takes in highly complex enh

stänees as food , and eliminates their elemente in much
simpler eompounde, which canagain he buil t up to their
onginal condition hy plante. Nevertheless the Body hae
certaineonetructive powers ; it, at least, huildsup protoplasm
from pm teidx and other subetances received from the

exterior ; and there is reasonto believe it does a good deal
more of the same kind of work , though never an amount
equal ing its chemical deetruetions. Given one single pro
te id in its food , say egg albumen, the Body can do very
well ; making eerum albumen and fibrin factors out of it
for the blood, myosin for the musclee, andso enz in such
cases the original proteid must have been takenmore or

less to pieces, remodeled, and buil t up again by the li ving
tiwnes; and it is extremely doubtful if anything difierent
wem inother cases, whenthe pmteideatenhappens to be
one found inthe Body. Infact, duri ng d igestionthe pro
teide are brokendown somewhat, and turned into peptones
inthis state they enter the blood and must again he bui l t
up into proteids, either there or inthe solid tissues.
The eonstruetive powers of the Body need to be rather

too much ignored. Foods were divided into assimilablaand
combustible, the former eerv1

'

ng directly to renew the organs
ex tim es as they were used up, or to supply materials for
growth ; these were mainly proteids and tete; 110 special
chemical synthesis was thus supposed to take place, the
living cells being nourished by the receptionfrom outside of
moleculee sim ilar to those they had lost. Fat—eells grow
hy p ieking up fetty molecules, l ike their contents, rece ived
from the food ; andprotoplasmie tissues by the reception
of ready—maöe proteid molecules, needing 110 further
manufactum in the cell . The combustible feeds, on the

other hend, were the earhohydrates and some tete : these,
aeoerding to the hypothesis, were ineepahle 01 heing made
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into parts of a l iving tim e, andwere simply burnh i t once
inorder to maintain the hodily warmth. It hav ing been
proved, however, that more fat might aceumnlate in the

body of ananimal thanwas taken in its food, this er eees
was aec<mntedfor hy supposing itwas due to excess ef ccm
hustihle feeds, converted into fats and stored away as oil
droplets invarious cells; butnotactual ly bui lt up into true
living adipose tissue. Liebig, somewhat similarly, elassa i
all feeds into p lastio, concerned inmaking new ttseues, and
rom

'

ratory , d irectly oxid ized before they ever eonsti tuted

tissue. The plastic feeds were the pmteide, but these
also indirectly gave rise to the energy expended inmuscu»

ler work, a nd to some heat : the proteid muecula.r filme

being broken first into a h 1ghly ni trogenous part (area, or

some body wel l on the road to become uree) and non

nitrogenized rict hydrocarhonous part ; and this letter
was thenoxid ized andgave rise to heat. Several facts may
he urged against this view—(l ) Men in tropical climates
live mam 011 non-protei d feeds, yet their chief needs am
not heat production, but tissue formation and muscnlar

work accord ing to Liebig
’
s view their diet should be

mainly nitrogmmus. (2) Oarnivorons an imals l ive on a

diet very rich in preteide‚ nemrtheleee develop plenty of
animal heat, and that wi thout doing the exeeeeive museu

ler work which, 011 Liebig
'

e theory, must first he gone
through inorder to break up the protei ds‚ wi th the produc
tionof non-aeotizedpart which could thenbe oxidized for
heat-production. (3) Great muecular work canbe done 011
diet poor inproteids; beaste of hmden are for the most
part herbivorous. (4) Further, we know exactly howmuch
energy canbe l iberated by the oxidationof proteide to that
stage which occurs inthe Body ; and it is perfectly possible
to estimate pretty neem te the amount of area and ur ic
acid excreted ina giventime; from their sum the amount
of proteid oxidi zed and the amount of energy libemted in
that oxidationcanbe celculated; if thisbe done it is found
that, nearly always, the muscular work done during the
sameperiod represente far more energy expended thancoul d
be yielded by the proteids brokendown.
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foot—pounds) of energy. If, therefore, we know
a rea a manexentes during a given time, and

mechanical work he does (1

readi discover if the letter
by the energy set free
take a special case.

kilogrameters

But during the m ent,
secreted urine contain

'

grams of proteid, andWieleeenus area

grams. Since each gram of proteid hrek
l iberates kilogrammetere

energy, the amount that Fick could pass
from such a source is
meters foot-pounds),

kilogremmetem. If

in actual ly raising the
taneously by the heart and the respimt

euch movemente of the lit aswere not actually concerned
in l iting their weight, we should have, at least, to double
the above total muscular work done; and the amount of
energy l iberated meanwhile hy proteid oxi dation, becomes
utterly inadequate for its execution. It is thus clear tha t
mueeular work is not whol ly done at the expen5e of the
oxidation of muscle prote id, and it is very probable that
none is 80 done under ordinary eircumstanees, for the area
excretion during rest is about as great as that during
work , if the diet remain the same; if the work is very
violent, as in long-distanee walking matches, the area quan
ti ty is sometimes temporari reised but this increase,
which 110 doubt represente an ahnormal wear and tear of
musele-fihre, is probably independent of the 11hemtion of
energy in the form inwhich a muscle can use it, more

taking the form of heat ; and is, momover, compan
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sated ferattem rds by e diminished area ew retion. Thu ,

handy, before the a.scent Fick andWieleeenne each ex

creted on the average about 4m m (62 grains) of nrea
during the aseent between7and 8 grams (108 - 124grains)
but during the anbwquent l6 hours, whenany area formed
inthe work would eemtainly have reeched the m ine, only

average of about 3 grams grains) per hour.

It may still be objected . however, that a good deal of the
mnaele work may be done hy the energy of oxidized muscle
proteid ; that the amount of th is oxidation oeeurring in3

111118010during rest or ord inary work is pretty constant and
simply takes diflerent form in the two cases, much as a

steam-engine wi th its furmmee inful l hlest wi ll ham as

much 0051whenworking ae whenrenting, but inthe former
case lose all the energy generated in the form of heat, and
in the letter partly asmechanical work. Thne the want of
increase inum duringmuseular activi ty would he explained,
while sti ll a. good deal of utilizahle energy m ight comefrom
prote id degradetion. But if this were eo, then the work
ing Body should eliminate nomore carbon dioxide thanthe
testing; the amount of chemi ca l changes in its muselee
being hy hypothesisthe same, the carbon dioxide elim inated
should not be increased. Experiment, however, shows
thet it is, and that to e very lerge extent, even when the
work done is qui te moderate und fal ls wi th in the limi t:
which could be performed by the normal proteid degrada.

tion of the Body. Qui to easy work doubles the carbon
dioxideexcreted intwenty-four hours, andina short period
of very hard work it may rise to five times the amount
elim inated during rest. S ince them eninnotinereesed, erhat

very slightly increased, at the same time, thie carbon dioxide
cannot be due to increased proteid metamorphosis; and

it therefore indicates that muscle works by the ox idation
of carbonaeeous non-ni trogenous eompounds. Since all

the carbon compounds oxidized inthe Body containhydro
gen th is element is also 110 doubt ox idized during museu
lar work ; but its eefimatian is difi enlt and hasnot been
attempted , because the Body contains 80much water ready
formed that a large quanti ty is always ready for increased
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empomtionfrom the lung; andskin, whenever the reepim»
t ionsare quickened, as they are hy exercise. It, thus, is very
diflicult to say how much of the extra water elim inated
from the Body duri ng work is due merely to this cause and

how much to increased hydrogenox idation.

The conelusionwe are led to is, then, thetamuscle works
by the oxidation mainly, if not entirely, of carbon and

hydrogen; much as a.steam -engine does: the proteid con
stituents of the muscle answer rengt to themetal l ic parte
of the engine, to the mwhinery using the energy l iberated
by the oxidations, but in i tself only snfiering wear and hear
hearing no direct proportionto thework done; asanengine
may met, se muscle pmteid may anddoee oxidi ze, but not
to supply the organ with energy for use. This conclueion,
arrived at by a study of the eu retzione of the whole Body, is
eonfirmed by the resul ts obtained by the chemical study of
a single muscle. A fresh frog’s muscle (whieh agrees inall
essential points wi th man’

s) contains practieally 110 car

bondioxide, yet, made to work in vacuum , gives of! that
gas, andmore the more it works. Some carbon dioxi de ie
therefore formed in the working muscle. If the muscle,
after contracting as long as it will, be thrown into death
rigor it gives 05 more carbon dioxide ; and if teken per
feetly fresh andsent into rigor mortis without eontraeting
it gives 06 carbondioxide also, inamount exactly equal to
the 811111 of that which it would have giveneff intwo etagee,
if first worked and thensent into rigor. The muscle must,
therefore, contain certain store of cerbon—dioxide-yield
ing body , and the deeempositionof this is associated with
the occurrenee both of muecular activi ty and death stifien
ing. Simi lar things are true of the acid eimultaneonely
developed the muscle when it works produces some samo
laetie acid, and whenthrown into t iger mortis stil l more.

No increase of area or kreatinor any sim ilar product of
ni trogenous deeomposition is found in worked muscle
when compared with tested one, but the total eerhohy
dratee are rather less inthe former. These factsmake it
clear that muecnlar work is not done at the expense oi
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how,
during exerc1: e, the w hendioxide evolved from the

lung: m y conta inmore oxygenthen that fi lmenup at the

same time; for 1t 13 largely exygenprefi omly stored dur

1ng m h that theneppeu ninthe earbondioüde of the ex

Term? We find, then, that Liehig
’
s clasä fieationof foods

cannot heaeeepted111 anabsolute sense. There isno douht

that the mhstenee brokendown 111 muscq oomtmetion18

proper living muscn]ar tissne; and11 this (1ts proteid een»
stituent being neta i11ed) he reeonstructed from feede cen

taining 110 nitrogen(whether carbohydretea or tete) then
the tem p lastic or tissue-fermmg cannot be reeh *wted to

the pmteidnot the diet. We must rather eenelude that
any d imenüry principle conta ining w henmay be need to
mplwe the oxidized carbon, and any containing hydrogen
to replaee the oxidized hydrogen, of a tim e; and 80 even
non-prote id feedsmay be plastic. A certainproportionof
the feeds digested may perhaps be oxidized to yield energy,
before they ever form part of tissue; and so eorreepond
pretty much to Lieh1g

’
e req 1iratory feeds; hat 110 hard and

fast hue can hé drawn, making all pmüid ft>dnph etie
und all oxidizable nowproteidfeeds reepimtory.

Luxus Commmpticm. Not only, asahovepointodout, m y
non»nitrcgenoue feeds be plastic, but it 18 certa in that if
any feeds are oxidi zed at once before being org1mized into
11 tim e, prote ide are under certaincireumstaneee; name ,

whenthey are wuteined 111 excess 111 a diet. If an11111111111

he etarved it is found that its non—nitrogenounüseues go
first; a11 1nsnfliciently fed animal loees its fat first, and if it

ultimat e diesof stam tiox1, 13 found to have lost 97 cent
of its adipose tissue and only about 80 per een of its
proteicL

-rich mnecular tissue, and almost none of its brain
andspinal card ; all of course reekoned by their dry weight.
It 15 thus clear that the prote ids of the tim es resist oxida»
tionmuch better thanfat does. But, onthe other hand, 11
well -fedanimal be givena very rich proteid diet all the
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ni trogenof its food reappears 111 im and that when
it 18 laying up fat; 80 that thenwe get a state of things in
which proteids are brokenup more easily thantete. This
indicates that prote id in the Body may ex ist under two
conditions; one, whenit forms part of 11 l iving tim e and is

protected to a great extent from oxidation, and another, in
which it 18 ox id ized wi th reedineee and 18 presumably 111 11
diflerent conditionfrom the first, andnot yet buil t up into
part of a liv ing cell . Theuseof proteids fordirect oxidation
is known as luxus consumption; how tar it eeeure under
ord inary cireumstemeee will be considered presently. The

mainpoint now to be hom e inmind 18 that whi le all organic
nen-ni trogenous feeds cannot be ca lled resp iratory , 11ei ther
can proteids under all cirenmetances be called p lastic, 111
Liebig

’
s sense.

The Anteoedente of Urem In the long run the pro
gen1tersof the area excreted from the Body are the proteide
taken in the food ; but it remaine sti ll to be considered
what interme<iiate steps these take before excretionin the
m ine; andwhether area i tself 18 finally formed inthe k id
11eys er merc1y sepemted hy them from the blood .

Ineeeking antecedents of area one natural ly hmm first

to the muscles, which form hy far the largest mass of pro
te1d tissues inthe Body. Analysis shows that they always
contain kreati11, a body intermediate chemically between
proteid.e and area. The quanti ty of this inmnscles18 pm
tical ly unafleeted by work, and 18 from to per cent.
S ince it 18 reedily soluhle and dialyzable, and therefore fit

tedto pm rapidly out of the muecles into the blood stream ,

it 18 a 11111 eonclueion that 11 good deal of it 18 formed in
the museles daily and carried 011 from them. Kreat111 ,
too , exiete inthe brain, and probably there, andelsewhere
in the nervons system, is produced by chem ical degrada
tionof protophwm ; the spleeu also contains a good deal of
kreatin, and 80 de many glands. This subetam>e would
therefore seem to be eonstantly produced 111 considerahle

quantities by the protoplasmic tim es gm emlly ; and 811108

it belonge to a group of nitmgenous ecmp0unds which the
Body 18 unable to ut111ze for recenstruetion into proteids,
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it must be carried ofl somehow. The m ine, however, een
t8 1118 very l ittle kreativ , or its immediate derivetive, kreo»

t111111, and what it does contain depends mainly on the

feeding, since 1t varies wi th the diet and vanishes during
stawation; so it 18 probable that this substance 18 0011

verted into 111-ea and excreted 111 that form. This conver
81011 must occur elsewhere than111 the 111118018 8 , whi ch can
tai11 110 area; 8 180, very l i ttle, if any , existe inthe brain.

Where the kreatin18 finally changed into 111 88 18 doubt
tal. It may be in the k idneys by the 18 1181 epi thel ium ,

or it may be elsewhere, and the area produced he merely
picked up from the blood end passed out by the kiäney
cel ls; or both may occur ; histological ly the distinctly
secretory epithel iumsof the convoluted parts of the tubules
and of Henle

’

a loope, differ so much 88 to suggest 8 11 eu
tirely different functionfor them .

Onthe whole, the evidence seems to show that area 18
merely separated andnot produced inthe kidneys ; apriori
this 18 more probable, since inthe degradationof kreatinto
yield area energy 18 l iberated and th is m ight very well he
11tilized insome organ ; wh ile if the process took place in
the kidney tabulee the force set free would be w ted.

The blood always contains 11108 , und renal -artery blood
appetently more than renal-vein blood , which shows that
1118 8 is removed from the blood inthe k idneys. Moreover,
it 8 mammal’e ki dneys be extirpated area accumulatee in

its blood , which could not be the case if area were nor
mel ly only produced inthe k idneys; and if area be injeeted
into 8 118 111 it 18 rapidly picked up and carried OR in the
m ine, showing that the kidney—cel le have 8 selective power
with respect to it.
While the area resu lting from further changes in the
kreatin formed in the tissues 18 8 11188 81118 of the wear
and tear of their protoplasm, part of the area excreted
1188 probably 8 di fferent source being due to the oxi dation
of proteids, 8 8 energy l iberators 01° respiratory feeds, before
they have ever formed 8 tissue. When plenty of protetd
feed 18 taken the area excretion 18 larg e increased and

very rapidly, within 8 couple of hours for example,



https://www.forgottenbooks.com/join


436 THE HUMAN BODY.

8 certain l imi t 8 8 8

ni trogen—etarved Body
18 elowly rednced andt
ation diminishes 8180.

tiest1e reeiets removal

8 1111 proteid-poor tissues instarvation.

stil l increases prote id metamorphosis in
the 1118 8 el im ination, and 80 011 for some
increment of proteid inthe food increases
1m tamo1phosie somewhat 1888 than the

its weight
if thengiven
weight ; but
larger 11188 8

cmtion; agai

11181 comes to
More meet now 08 8 88 8

first increase of tiesue,
08 888 t10nof the gain inweight, and 8 11

four hours of 811 the ni trogentaken. And 80 on,
nnimal 1 8111888 to eat any mom.
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These facts seem, very 1118 8 1131, to show that proteidsean
not be built up quickly into tim es. Meet given to the
starving an imal has 118 proteids, at first, 118811 up mainly 111
luxuswummpti1m—white a little 18 stored 8 8 tissne, though
at first not enough to eonnterhulnnce the daily tissue waste .

When8 good deal more proteid 18 given thananswers to
the ni trogen(11 81 8 11011 during etanation, the animal 111111118
up 8 8 much 1nto living tiaenes 8 8 1t h188 k8 down inthe vital
1110088888 of these, therefl going inluxusoonsamp tion 1tthns

nei ther gaiusnor 10888. More proteid does not 8 118 111188 1 in
the n11ne at 01108 ; some 18 used to build up new tissne, but

only slowly ; then, aftereomedays, the increased metabol ism
01 the 1118 188 88 11 688h h8 18 11088 the em of nit10geninthe

diet, andequilibrium 18 again atta ined. But, 8 11 through , it
seems 8188 1 that the tisene formation 18 slow and gradnal;
and so it becomes additional ly probable that the increased
11 188 exemtion soon after 8 meal 18 net due to rapidly 1n
creased tissue formation and degradation, hat te 8 more
direct proteid ox1dation.

The fltorage
‘l'imnee. Every healthy eell of the Body

contains at any moment some l i ttle 81 08 88 of materinl 18 111
by 111 1tseif, above what is 1eqnüed 101 i ts immediete 118088
si ties. The capaci ty of 00ntraeting , and the concom itant
evolutionof carbon di oxide, exh ibi ted by 8 11 8 110188 11 muscle
in 8 vacuum , seem to show that even oxygen, of which
warm—blwded animals have hat 8 small 1 888 1 1 8 , may be
stored up inthe living tim es inauch forms that they can
ntilize it, evenwhenthe 8 11 -p11111p 18 118 to extract any trom
them. But inaddi tionto the 811pp1188 for immediate spend
1ng , contained in1111 the 08 118 , we find special food m
inthe Body, onwhich any of the tissues 08 11 88 11 at need .

These, especially the oxygen8 1111 protee
'

11 1888 1 1 88 , 8 1 8 found
larg e inthe blood . 8118018 ] oxygenstorage 18 , however,
rendered nnneeeeeary by the fact that the Body 08 11 ,

except under very 11 111188 8 ] cirenmeteneee, get more from
the 8 11 at any time, 80 the quanti ty of this substanee laid

by 18 only small ; henee death from asphyxia fol lows very
rapidly whenthe 8 11 -passages 8 1 8 stopped, 1111118 , 011 aeeonnt
of the reserves leid up, death from other forms of stern
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tion18 8 much clev er eecnrrenee. P10t81118 , 8180, we have
learnt from the study of muscle, 8 18 p101nbly but 11tfle 0011
cerned in energy-production in the tim es. Spednng
broadly, the work of the Body 18 08 1 1 1811 011 by the oxidat1011

of carbon and hydrogen, andwe find inthe Body, in001 1 8
spondeneewith th is fact, two great storehensee of tatty and
earbohydrete feeds, which serve to supply the mater iale for
the performance of work and themaintenaneeof the h01111y
temperature in the intervals between 18 88 18 , and during
longer 118 110118 01 starvation. 0118 auch store, that 01 8111
hohydrate material , 18 found in the l iver—eel ls; the other,
01 fatty 1 888 11 8 , 18 found inthe adipose tissue. That 88 8h
suhetanees 8 18 true 1888 1 118 8 , not for any special 10081purpose
hat 101 the 1188 01 the Body general ly, 18 ebowu hy the way
they 11188 pp88 1 1nstarvation; the li ver 18 88 1V8 in8 18 11 0838 ,

andthe fat somewhat later and11101 8 slowly, but very largely
before any 01 the other tissues have beenseriously 8ßeewd.

By using these aeeumnlated matters the Body 08 11 1101 11

and keep warm during several days ofmore 01 18 88 defieient
feeding; and the fetter 8 11 animal 18 at the beginning of 8
starvationperiod the longer W111 it l ive; which would not
be the 08 88 000111 not its fat be uti lized by the working
11881188. Hyhernating animale prove the 88 1118 th ing ; bonn,
before their winter sleep, are very fat, and at the end of it
commonly very thin; whi le their muscular 8 1111 8 81 1 0118

systemsarcnet noticeablydiminiehed inmass. During the
wholewinter , then, the energy needed to keep the heart and
respiratory muscles at work , and to maintainthe ternpere
tnre 01 the body, must have beenobtained from the 0x1da«

tionof the fat 1888 1v8 wi th which the animal started.
G ly cogen. It may p81 h8 p8 have struck the reader 88

011 110118 that 80 large 8 11 01gan 8 8 the liver should be set

apert 101 the formationof 80 eomparatively unimportant 8
digeeta

'

ve secretion88 the hile; andW8 18 this the 8018 1188 01
the 111181 the 8120of the 01ganwould certainly be anomalone.

The main functionof the l iver 18 , however, qui te 8 different
0118, the formetion and storage of 8 carbohydrate called
glyaogen, from the abundant food materials carried th1011@
it by the portal vein after 8 11188 1; in the tmme between
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being OODW Ü
YW Ö up, and its

quanti ty depend8 011 food.

The Sour ce and DestiM of

f00d8 are not equal ly 811108010118 111

inthe blood 111 above 8 8 8 118 18
by the k idneys end 8 111188 18 111

chamcterietic symptom of the

health , however, even after 8

e 110

quanti ty 01
111181 time
somewhere before it 1880h88 the
(“um injected into 08 8 01 the
11 inany quanti ty, soon appa rs

amount injected into the portal

8h801h8dfrom the 8111118 1118 17 08 118 1 18

1 8111 to the 111 81 ; there stayed and 8001 81%d1
which 18 then 111018 slowly passed 011 into
V61118 during the intervals between meals.
of the intervals which elapse

hydmte content of the blood 18
ing digestion it 18 net 81111'8 1 8d to
ing ordinary periods of testing to
average.

In what form glycogen 188 1 88
it might be (1188011 8 11 out and w ried
previously turned again into glueose 8 1111 sent
101 111 ; since the blood and the 11701' both { 11 1
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ferm%te capable of changing 3137003811 into 31110088 the
latter 1 18 11 18 the more probable. Analysen 01 portal
8 1111 hepatic blood8 , made with the view of determining
whether 11101 8 81138 1 11 8 8 carried out of the 111 8 1 11111 1113
fasting thaninto it, 8 18 0011111011113 . The main fact, how
8 1 8 1 , 1 8 111818 8 that somehow this carbohydrate 1888 1 1 8 in
the 111 8 1 18 steadily ofl to be used 8188 11h8 18 : and

8 1111118 1 glycogen thus answers pretty much to vegetable
starch, which , made in the 3 18 811 188 1 88 , 18 (1188011 811 and

carried away by the 88 11 cartente to clit 8 1111 not 3 188 11

parte (8 8 the 3 18 18 8 of 001 11 01 tubers of 8 potato, which
cannot make etamh 101 them elvee) and 111 them 18 again
1111d down 111 the form of solid starch 3 1 8 1118 , which are

subeequently dissolved 8 1111 used for the growth of the 38 1
minating 800d 01 potato. 8 8 8 80118 have already beengiven
(p. 423 ) 101 b8 118 11113 that the carbohydrate 188 1 1113 the

111 81 18not oxidized inthe blood, but first 8 ft81 it has pmeed
out of that into 8 111 1113 tissue. Among these themuseleeat
188 81 seem to get 801118 , 811108 8 fresh muscle always contains
31y003m1 , 8 1111 8 1 8 11 111 11011118 1 a mount when8 11 animal 18
81 8 1 1 811 for 80111 8 time; the 111118018—11b188 then, 80 to speak,
08 111113 onthe b8 18 1108 with their hanker (the 111 8 1 ) 80 10113
8 8 there is any. When 8 muscle contracts th is 3lycogen
d188pp08 1

‘
8 8 1111 801118 31110088 appears, but not an ernannt

equimlent to the 3 1yeogenused up ; enthat the working
111 118018 wouldappear, probably for its repair after each con
traction(888 p. to util ize this substance.

How it is that the glycogen, which 18 80 rapidly 0011
verted into grape 81138 1 by the 111 81 ferment after death.
8808 1188 such rapid 008 1 81 81011 during li fe has not been
satisfactorily 11118 1181 8 11. Two possible 188 80118 readily 8 118
3est themselves; the 111 81 fem ent may be only produced
by dy1113 hepatic 08118 ; 01 the 313003811 in the 11118 3 08 11

maynot ex ist 11 88 , hat combined with other portions of the
08 11 substanee 80 8 8 to be protected ; while, after death ,
post—mortem changes may rapidly l iberate it in 8 condi tion
to be acted upon by the fennent.
Diabetes. The study of this (11888 88 throws some light

upon the history of 3 1y0038 11 . Two distinct 1 8 1 18 158 8 of it
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8 18 1111011 11; 0118 111

genized part (1118 8 01 8 11 anteeedent of 11 188 )
azotized part , glyeogen. 011 this view the more
of diabetes would 118 due to 8 11 increased activi ty
proteid-decomposing function of the hepatic
sometimes the 8 1 88 8 1111 sugar 111 th
1 188 8 1111 fal l together, thus seem ing to
muni ty of 011g111. Diabetes dependent
food might be produced 111 88 1 81 81 111118 .

m ight 088 88 to stop the sugar and, letting 1
the general circulat1'on, 81168 1 it to 1188 to
inthe blood after 8 11188 1, that it attained
wh ich the k idneyspass it out ;
1188 their natural amount of 811
out of the 111 8 1 , at last 1188 in
a ction. 01 the 111 8 1 m ight

and 80

WM !

rapid 80111 8 181011. Artificially we fact, produce
diabetes 111 88 1 81 81 of thwe W818 ; 08 1 8 11 poisoning, 101 ex

ample, paralyzing the motor 118 11 88 , makes the skelet111
11111 8018 8 118 wmple
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8 1111 08 1 11811 OH to other parts.

Whenadipoee tisaue 18 developing it 18 888 11 that 11111111

181 8 11118 18d 88 118 111 the connective 11881188 (8 8p8 11111113* 8 1 8018 1 )
show 1111111118 011-1110ps in their protopl—aema. These 1118 1 88 8 8
in size 8 1111,
oil-droplet,
nppeam.

The oily mattew would thus 888111 118 8 to 8 chemical
metamorphosis of the 0811 protoplasm, d111 111g which it gives
1188 to 8 8 011t fatty 18 8111118 which remain: behind,
8 1111 8 highly nitrogenous part which 18 88 1 118 11 ofi. In

many parts of the Body protoplasmic mm 8 1 8 subject to
8 81111118 1 hat 18 88 complete metamorph®s; fatty 118311119 8

tionof the heart, 101 example, 18 8 111018 01 1888 extensive
18p1808 1118 111 of the proper substance of its 1111188 1118 1 fibree

hy 18 141101118 18 ; 8 1111 the 0188 111 of 1111111 and the oily matter
of the 88 118080118 88018 11011 8 18 11118 10 8 similar fntty
degenemtion 111 ghmd

-cells. M01'80V61' , careful feeding ex
periments undoubtedly show that fat 08 11 801118 110111 pro
teids; when 8 11 8 1111118 1 18 very rict supplied wi th these
811 the ni trogentaken111 them 1 88 pp88 18 inits

hat all the carbon doesnot; it 18 111 part stond inthe Body :
and, 811108 such feeding p10d118 88 but li ttle glymgen, 11118
08 1 11011 08 11 only 118 stored 8 8 fat.
Wh ile there 18, then, 110 doubt that 801118 fat may have 8
prote id origi11 , it 18 not (38 118 111 that 8 11 118 8 8111111. Du ring
d igestion 8 great deal of fat 18 ordinari ly 811801b8d, 111 11

chemical ly 11 110h8 11g8 11 state, from the alimentary 08 118 1; it
is merely 8 111111816811 8 1111 carried ofl’

111 1111111108 drope by the
011e to be p01118 11 into the blood : 8 1111 this fat might be
directly deposi ted , 8 8 such, 111 8 111p088 tim e. There 8 18 ,

however, good 18 8 80118 for supposing that 811 the fat inthe
Body 18 manufactured . The 18 10! 8 1118 11, of 8 1h1g , 8 111101 8
cat VM 188 111 the proportionsof palmatin, stearin, margarin .
11 1111 018 111 111 it; andVM 188 111 j 1181. the sameway 11 8 11 118 f8 11 01 1
the 88 1118 ki nd of 10011, wh ich 0011111 not be the case if the
fat eatenwere simply deposited unchanged. 110180118 1 , 11

8 11 animal be 1811 011 8 diet containing 0118 1118 11 of fat only,
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say olein, 11111 8 very slightly 111W d percentage of 1118 1
[18 1111111181 18 111 8111181111188 18 10111111 111 118 a1liposo 1188 8 8 ,

whwh goee to show that if 18 18 801118 11 8 111 18 18 88 18 11, these
18 118 1 8 18 111 81 pul led 10 11118 by the living 88 118 8 1111 buil t up
84111111 11110 the forumnormal to the animal ; so that, evenwith
fetty food, the tuts 81018 11 up 888 111 10 he 111 111081 part
1118 111118 8 1111811 inthe Body.
111 811118 1101h81 way it is proved1h8 1 1818 88 11 118 808 811 11818 11

in the Body. Inanimals 1811 101 daughter, the total 18 1
8101811 up 111 them during the 11108 8 88 18 greatl y 111 8 1 8 8 88
of that takenwith their food during the 88 1118 111118. F01 8 11

ample, 8 fattening p1g may store up nearly five hundred
parts of fat for every hundred in ite food, 8 1111 this fat

18 8 8 1 be made from proteids01 mrbohydrataem Whether 11
88 11 8018 8 110111 1118 18 118 1 is still p81 118318 8 11 open question;
101 , whi le 8 11 W eg {00118 8 18 ri ch 111 818 18h 01 similar
11011188 , 11181 8 8 18 80118 11181 8 1118 chemical 11111181111188 111 sup
poemg 8 11 origi11 01 18 18 from euch ; 8 1111 11 18 on the whole
111018 p10118 1118 that they simply 8 81 hy 8p8 1 111g from 1188

18 18 simulteneeusly formed 01 stored in the body, 8 1111

which would have oth erwise beencalled upon. Theymake
glyeogen, 8 1111 th is8h8118 18 the fate. Liebig, 1111188 11, 111 8 very
celebrated 11188 8 881011 , 111811118 111811 that 18 18 were formed
110111 w bohydrates. He showed that 8 0091 gave out 111018
118 118 1 111 118 1111111 than 11 received 18 18 in its 10011; 8 1111
Huber, the blind 118 1111 8 1181 , showed that 1188 8 81111 1118 118

118 11 (8 fatty body) 101 8 time when18 11 011 pm engnrz8 1111

indefinitely when18 11 011 honey. Com quently, 101 8 long
time, 8 11 01 1g111

‘

01 fate from mrhohydrateeW 811pp°80£1 10

118 11101 8 11; 11111 their possible origi11 from p1018 1118 (8 possi
111lity now shown 10 118 8 certainty) wasneglected , 8 1111 the
validity of the above proofs of their carbohydrate 01 1g111 18
thusupeet. TheCOWmay have 1118 118 118 118 118 1 110111 proteids
the beos, led 1111 sogar, their m 101 8 111118 110111 proteide
intheir 11011188 already ; 8 1111, indeflnitely‚ when1811011 honey,
110111 the protei ds in that 811118 18 118 8 . Morem er ‚ 8 1111118 18

(11118118 ) 1811 011 8 111111118 111 1188 , which contains much 88 1 110
hydrate 11111 very li ttle proteid 01 18 1, remain 188 11 ; while 11
801118 18 1 118 8 11118d thq lay up fnt.



important 18118 11111g 100118
being 01111118 8 11 instead of it
Dietetics. Thßt 0118

man’s poieon 18 8 iamiliar

weight; hat 8 11 118 111101 digest the
equully wel l while many 100118
p0180110118 , 88 88 18 011 801118 persons. A good
8 1 8 m8 118 111 by mutton, which the majority
than beef.
The proper 11181, 100, will necessarily vary,

8 111011111, with the work done whether it should
w1th the 118 11118 01 the work is not so certain.

01 the carbon dioxide 8 1111 water, which 810118 8 18
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CHAPTER X X IX .

THE PRODUCTION AND REGULATION OF THE

HEAT OF THE BODY.

Gold und Warm—Blooded Animaln. All animals, so

long as they are alive, are the seat of chemical changes by
which heat is libemted; henee all tendto besomewhat warmer
than their ordinary sum ndings, though thediflerenoemay
not be noticeable unless the heat production isconsiderable.
A trog or 3 fish is a l i ttle hotter than the air or water in
which it lives, but not much ; the l i ttle ha t that i t pro
dueee is lost , hy radiation or eonducticn, almost at once.
Henoe such animals have no pm per temperature of thei r
own ; on warm day they are warm , ana cold day cold

,

and are accordine known as changwble-1m natured

paihao
-tham aw ) or‚ inordinary language , rold-hlmded”

animals. Manand other mammals, as well as hirde, on the
eontrary , are the seat of very active chem ical changes by
which much heat is produced , and 50mai ntain a toleram
uniform temperature of their own, much as a fire does
whether it be burning ina wann er cold room; the heat
producti on ut any given time balancing the loss a nor
mal body temperature is ma intai ned, and usually one con
siderahly higher than that of the medium i n wh ich they
live ; such an imals are therefore known as an imals of con
stant temperature (km -Ihermoua) , or more commonly
warm-blooded” animals. The letter name, however, does
not properly express the facts ; l izard baaking i n the sun
on warm summer’s day may be nearly ae hot as a.man

usually ia; but on the cold day the l izard becomes cold ,
whi le the average temperature of the heal thy Human Body
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is
,
wi th in degree, the same in winter or

the arctic circle or on the equatmz

ture of trog’
e blood .

blooded an imal uses
more carbon dioxide
direct measuremente
fact that in v inter

weather pute i ts tissues in
amount of work the an ima l does, and
of oxygen it needs, depend to a great
perature of the medium ih which it is living. With the
warm-blooded an imal the reverse is the case.
keeps up i ts tem;>eratme to that at which i ts
best , and accordingly incold weather uses more
seta free more carbondioxide because it needs a more aetii e
internal combustion to eompensate for its greater loee of
heat to the exterior. In fact the l iving ti ssues of a man
may be compared to hothouse plants, l iving in an arfifiä e

ally mai ntained temperature ; but they difier from t he

plants i n the fact that they themselves are the Beate 01 the
combustions hy which the temperature is kept up . Siam ,

wi thin wide l im i te, the Human Body retai ns the same tem
potature no matter whether it be in cold orwarm surround«

i nge, it is clear that it must possess an accurate armngm ent
for heat regulation ; e i ther hy eontrolliug the pro&netionnt
heat i n it, or the 1088 of heat from it, or both.
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energy expended

of amceboid cells are for the most part
Body in to heat. The muecles and nerven
of manifestations ot electrici ty, which ,
amount, for the most pert

°

do not leave th
form but are first converted into heat. A
of heat is also carried into the Body wi th
drinke.
The Energy Lost by the Body in

Praetically speaki ng, the Body only
forms; as heat and mechanical work :

loss takes the form of heat. The absolute amount of th in

rest, 2700calories ; that is enough to m ise 2700 kilogmms
(5940lbs. ) of water from 0

° to 1°0. (from 32
°
to

otherwise expressed , this amount of heat would heil 27kilos
lbs. ) of ioe—eoldwater. This does not qui te repreeemt

all the energy lost by the Body in that time : since a small
proportion is lost as mechanical work in moving the clothes
und a ir by the respiratory movements, and even by the
beat of the heart, which at each systole pushenout the
chest-wal l a little and movee the th ings in contact with it,
The working Body l iberates and loses much more energy ;
port as mechan ical work done on external objects, part
increased heat rad iated or condueted from the surface, or
carried off by the expired ai r i n the qu ickened reepiratiom .

Every one knows that he becomes warmer when he takes
exercise , and measmements made on men show that the
heat produced and lost in a day of moderate work is about
one th ird greater than that in a day of rest. The follow
ing table gives more accumte numbers
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Duy d Bect Doy ofWock.

Reut hn Sleep ti hn. RM 8 hn. Work 8 hn. Bleop 8hn.

m .a m o

im m —lh. M -Ih‚

The mechanical work done on the working day , repre
o

sented in addition an expendi ture of energy of
kilogrammeters, which is equal to 502 caloriee. Oi the ex
eess heat inthe working day, part is directly produced by
the inm dchemical changes in the quicker working heart
and respiratory mueelee, and the othermusclee set at work ;
while part ie indirectly due to heat arising from increased
Iricüon in the blood-vemelnas the blood ie driven fneter
around them , and to fri ction of the various muscles need.
The average cardiae work in twenty-tour hours is about

kilogrammetere ; that of the rmpiratory musclee

about and since nearly all of both inturned finally
into heat wi thin the Body, we have kilogmmmetere

of energy answering to about 174 caleriee (6786 Fah .
-lb.

nnite) indirectly produced in the reeting Body daily from
these sources .
Of 100 parts of heat loet from the reeting Body, about

73 are carried of! inradiafionor oonduetionfrom the skin .

are carried 06 m emporationfrom the skin.

72 u n llfl lgß.

expi red air.

in the excretions.

In a day of average work , of every 100parts of energy lost
inany form from the Body
1- 2 go as heat in the exereta.
3—4 i n heating the expired air.

20—30in evaporating water from the lange and skin.
60- 75 i n heat radiated or eonducted from the eurfwee and

inexternal mechan ical work.

The 8uperi ori ty of the B ody as a Working Machine .
During eight hours of work, we find(table at top of page)
the Body loeee oaloriee of energy as heat ; and can do
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8 . Cold tendnto produce involnntery mneonlar move
ments‚ and so increased heat production ; as chatter ing
of the teeth and shiver ing.

4. Cold appl ied to the sk inincreaeee the bodi chem ical
metamorphoses and so heat production. At least the tem
pemture i n the armpit riees at first onen tering a celd hath ,

though the heat carr ied offfrom the surface soon0verbelanoes
i ts increased production . The phenomenon may, however ,
be explained in another way, the r ise be ing attributed to
enddendimi nution of 1088 from more exposed parts of the
skin, dependent on mntraction of the entaneoue arteries.
In some cases , however, the temporary rise is accompan i ed
by an increased excretion of carbondioxide, which would
indicate that the surface cooling does really increase the
oxidations of the Body.

5. Certai n drugs, as ealicylic acid, and perhaps qui n ine,
diminish the heat production of the Body. Their mode of
action is stil l obscure.
Ou the whole , however, the direct heet -regulating me

chzmiems of the HumanBody itself are not very eflicient,
especial ly as protections against excess ive mohng. Man
needs to supplement them by the use of clothing, fuel , and
exem ise.

Local Tanpeae tnree. Although , by the means above
described , a wonderfully uniform bod ily temperatu re is
maintained , and by the circulating blood all parte are kept
at nearly the same warmth , variations i n both reepecta do
occur. The arrangemente for equal ization are not by any
means fully efficient. External parts, as the sk in, the lange
(which are really external i n the sense of being in cot

with the air) , the month , and the nase chambere, are always
cooler than internal ; and even all parts of the sk in have
not the same temperature , such holloweae the armpit being
warmer than more exposed regione. Ou the other hand .

a seeret
'

1ng gland 01° 8 work ing muscle becomes warmer, for
the time, than the rest of the Body, because more heat is
hberated in it then is carr ied off by the blood flowing
th rough . In such organs the venons blood leaving iewarmer
thanthe arterial coming to them; while the reverse is the
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oase v ith partn, like the akin, inwhich the blood is eoobd.

An organ colder than the blood is of course warmed hy
an1nereeee 1nitecirenlation, ae eeen in the local rise of tem
perature in the skin of the face 111 blushing.

Therm ic Nerven. Al l neu es, such as motor or secre
tory

,
which can thmw working tisanes into activi ty are in

a certa in sense thermi c nervee : si nce they exci te i ncreased
ox idation and heat production in the parts under their con
trol. A true, pure thermic nerve would be one which
increased the heat production in a tiesne without otherwise
throwing it i nto activi ty ; and whether euch ex ist is still
undecided. Certai n phenomena 01 disease, however, seem
to render their existence pmbable. If we return for a

moment to our former eomparisonof the worki ng Body to
a steam—engine, euch nervee might be regarded as agenciee
increasing i ts rate of rusting without setting it at work .

The ox idation of the iron would develop some heat, but hy
processes useless to the steam-engine, although such are,
i n moderation , essential to l iving cells ; the vi tal i ty of
these even when at rest, seems to neeessihxte constant ,
if small , breaking downof i ts mbstanee. In an amceboid
cell 110 doubt such processes occur qui te i ndependently of
the nervone system ; but i n more diflerentiated tissues they
may be controlled by it. Just as mnscle does not nor
mally contract unless excited through i ts newe, although
white blood eorpuacle does, se may the natural nntritim
processes of the muscle—fibre in i ts reeting condition he de
pendent on the nervee going to it. If these he abnonnally
exci ted the muscle will break down i ts protoplasm fester
than it conetm cte it

, and consequently waste ; at the
same time the increased chemical degmdation of i ts sub
stanee will elevate its temperature. Febri le condi ti ons , in
which many tieenes waste, without any unusual manifeetw
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the muscles are paralyzed
ent 03 ; and in the second,
down from the mednllat y
skin arteries behind the section d ilate and carry more blood
to the surface to be cooled. To explein the riee ei tem

1
'

nhibited hy brai n—eentres; when
of the latter is removed the former
tions in the tissues to which th
produce the ri se of temperature.

Clothing . To man, as social
moral feeli ngs , cloth ing has certai
of morali ty ; but for such purpowa
not great, as we find in many tribee
Except intropical
t ion an important
temperature. W
an imals have coats
over most of
mentarv and

h is methetic sense has led him to utilize
: 1dornment. Here , however, we must eonfine on
clothes from a physiologienl point of view. In
Societies every one is requ ired to cover most of
with someth ing, and the question is what is
coveri ng ; the answer wil l very, of course, wi th
condi tions o
clothing , in
condnction0

the reverse ; and in temperate clim
peratnree‚ it should very wi th the season. If the
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of nonm nducfing These whose ekine

tatecl hy anything but linen should wear immediately ont
side the nnder-garments jacket of silken ar woolen
material. In m idwinter comparatively few people take
cold, because all then wear thiek m dnoneondncfing eloth
ing of some kind.



CHAPTER xxx .

SENSATION AND SENSE- ORGANS.

Changes in many parts of our Bodies are wwmpm iedor

followed by those States of eonncioneneee which we call sono

satiana. A1] auch sensi tive pm am in connection , direct
or indirect, with the brain , by certain aflerent nerve-fibres
called sm ory . Si nce 1111 fee ling is lost in any region of the
Body when th is connecting path ie severa l , it is clear that
all sensations , whetever the ir primary exciting cause , are
finally dependent onconditions of the central nervone eye
tem. H i therto we have studied this as i ts activi ties are
revealed through movements which it excites or prevents ;
we have seen it, directly or reflexly, cause mnaoles to con
tract, glm da to seerete , or the pulsations of the heart to
cam ; we have viewed it obj och

'

vely ‚ 118 motion»regulating
appomtne. Now we have to turn to another side and con

sider it (or parte of it) asinflueneing the states of eoneeions
ness of i ts poeeeeeor : this study of the subj ectt

'

ve activi ties
of the nervons system is one of much greater difi culty .

It may be objected that eoneidemtions concerning states
of feeling have no proper place in treatiee onAnatomy
andPhysiology ; that, si nce we cannot form the beginn ing
of a conception how certain state of the nervone system
oansing the feel ingnednese, another the feel ing blnenees, and
11 third the emotion enger, all exam i nation of mental pbe
nomena should be excluded from the sciences deal ing wi th
the structure and properties of li ving th ings. But, although
we cannot imagi ne how anervons state (m msis) gives rise
to a eoneeione state payohoeia), we do know this, that die
tinet phenomena of oonscioneneee never come under our



What changes i n the former are associated with given phe
nomena inthe letter, forms properly part of Phyeiology.

Whethermames of protoplasm , before the diflerenthrtion01
definite nerve« tieeuee‚ pam some iII-defined sort of een
ccioneness, as they pomese an indefinite contractili ty beten
they have beenmodified in to mnacnlar fibres, may for the
present be left nndecided: though those who accept the doe
tri ne ofevolution will be inclined to aeeent to the propoeit«ion.

While, however, the Physiologist has a r ight to be hea d
on questions relating to our mental fwnlties, it is m er

thelees true that many lawe of thought have been esta»
hliehed, concerning which our present knowledge of the
law of the nervons system given118 no elne ; the science oi
Psychology has thus well-tonndefl claim to an imlependeet
exiüenee. But, in so far as its reenlts are eonfined mer e
to the enecessioneandconnections otmental staßs, naesteh
lishedhy observation, they are merely deecfiptzione, andnot
explanatione in ecim titie sense : we know that so many
mental phenomena have necessary material anteeedenta and
wncomitants in nervous changes, that we are juetified in
believing that all have ench, and incontineing to eeek ter

them. We do not know at all how an electric current sent
round 8 her of soft ironmakes it magneti c ; we only know
that the one change inaccompanied by the other ; but we
say we have explained the magnetism of a piece of iron ii
we have found an electric current eireuleting around it.
S imi larly, we do not know how nervous change onuses
mental state, but we have not expla.ined the menta l state
until we have found the nenons state associated wi th it

states of. eonecionsneee that we
physiological anteoedents‚ and among thm
are the best investigated. A8 regards such
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ski n with a given sensation‚ and whenever afterwards the
nerve-fihres com ing from the finger are stimulated‚ no mat
ter where , we aecrihe the orig inof the sensation to some.
th ing acting onthe finger-tip.

The Dt®renoee between Sensatim In both groups
of sensatione‚

those derived through organs of special
sense and those due to organe of commonm tion, wedie

tingnish kinds which are aheolntely distinct for our con
scionsness, and not compamble mentally. We can never
get eonfneed between sight, sound , md touch, nor he
tween pain, hunger , and naneee ; nor can we eompere them
wi th one another ; each 18 sm

'

genoria. The fundamental
diflerencewhich thus eepantes one sensation from another
is i ts modah

'

ty. Sensations of the same modal i tymay differ ;
but they ehade impereept1h ly into one another, and are com
parahle between themeelvee i n two way: . First , ae regards
quality; whi le 11 h igh and a low pitched note are both
auditory eennations, they are nevertheleee diflerent a nd yet
in telligibly eomparahle; and 80 are blue and red objects.
In the second place, sensations of the same modali ty are
dietingnishable and eompanble as to amount or intensity
we reedi recognize endcompm land and a week sound
of the same piteh ; bright and feehle l ight of the same
color; an aente and a sl ight pain of the same general char.
aeter. Our sensations thus difler in the three aspects of
modah

'

ty , quality withinthe samemodah
'

ty , and intensity .

Certai n sensations also difier in what is known as the
“ local sign , ” diflerence by which we tell touch ou one
part of the skin from a sim ilar touch onanother ; or an ob
joet exciting one part of the eye from an object like it, but
ina different location in space and excit ing another part of
the visual surface.
A8 regards moch h

'

ty, we cmnmonly distinguish five

een8ee, those of sight‚ mund, touch , taste, and smell ; it is
doubtful whether temperature should not be added. The
varieties of commonsensation are alm sevcral; for ev anplc,
pain, hunger, satiety, thirst, names, malm

'

ae, biem€tro(feel



brations; others (ih the eur)
to eonnd vibrations ; others to
month and noee), and others (ih the sk in)
i n pressure or tempenl:nm
All our eensatione are thus modifieatione of

primary sensibil ity, reprm nted by that of
rather by the primi tive representative of the
ananimal as the Hydra (see Zoology).
eetions, being lese diflerentiated‚ ehade

the commonsensibil i ty of the other li ving
the activi ties of the highly difierentiated
andeur. We find, accordingly, that wh ile
eure or a h igh
monses a sensati
more special ized
citement may bedisag reeohle, bu

the ordinary sense of the word .

sensations , touch and temperatn
fo11nded , while a sound and &ight

dal1
'

ty of the less modified sk in-senses
et11dvof eomparntive anatomynnd dev

ferentiations of the primary exte rnal layer of
the Body when it is very young. Some of these
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(p. 80 i ncrease the seneitivenees of the parte con tain
ing them thet degwenof change in the m iting fa ces,
which would he totany unable to stimulate new e—ßhres
thenwelvee are appreciated. These terminal apparatusee

would not otherwise stimulate neu es, to em ite them, t e

are the end organs i n the eye or em .

that the external foroee usual ly exci ting our dißerent een
sationsdifler, and that the sensations do also, we might et
first be inchned to believe that the letter diflerenoe de
pended on the former : that hrightnmsdiflered from lem!»
ne88 because light was different from sound. In other
words, we are apt to think that each sensation de rives i ts
specific character from some property of i ts external physi
cal an®edent, and that our sensations answer ineome m y

forms of energy aronsing them . It is, however , quite easy
to show that we have no sußcient logical warrant for such
a bel ief. Light falling into the eye caneee sensationot

luminosity, a feeli ng belong ing to the visual group ar

modal i ty ; nnd, since usually nothing else exeitee eneh

feelings and light entering the healthy eye always does
,

we come to bel ieve that the physical agent light is same
th ing like our sensation of lum inosity. Bat, as we hen

on the eyebal l
fihres in it 11]

i n front of the eye
occupy inspace to M iete l ight to
sionof the optic nerve. Finding,
senmtion, a. v isual one, produced
eanses, pressure and light, we are

ferencee of the natural forees arousing
doubt is strengthened when we find still other
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giv ing rise to viennl eenmtionn. But then,sinee light and
pressure , electrici ty andcntting , all cause v isual sensatione,
we have no valid reason for mpposing thet light, more than
ei ther of the others, is really m any way like our eenmtion
of l ight : or that sight feeling diflers from sound feeling
because objectively light diflers from sound. The eye is an

ingly 80 fixed as to have i ts nene—fihree far more often ex
cited by that form of force than by any other; hat the feet
that l ight sensations canbe otherwise aroused shows plainly
that their kind or character has nothi ng directly to do wi th
any proper ty of light. Just as by pinching or heating 01°
galvanizing motor nerve we canmake themneclesattached
to it contract, and the contraction has nothing i n common
with the exeitant, 80 the visual eensation, es euch , is iudeo
pendent of the stimnlns arousing it and, of itse lf, tells
118 nothing concerning the kind of stimulne which has
opemted.

Diflerences in kind between external foroee being thus
elim inated as possible caneee of the modali ties of our een
eetions, we next naturally fall back upondiflerenees in the
sense—orp ne themselves. They do undonbtedly difler both
i n gross undmicroeeopic structure, and the fact that pres
sure on the closed eye aromes a. touch-feeling where the
skinis compressed , and night-fee ling where the optic nerve
is, might well be due to the fact that periphere] touch
organwas different from a peripheml eight—organ , and the
same force might therefore produce to tally diflerent eflecte
011 them and80causediflerent kinds of feel ings. However,
here also cloeer exami nation shows that we must seek far
ther . Sensation is not produced in eenw organ, but far
away from it i n the brain; the organismer e anapp0mtus

for generating nervone impulses. If the optic nenea he
divided , no matter how perfect the eyeballs, no amount of
light will aronsc visual sensations ; if the epinal oord be out
i n the middle of the back no pressure onthe feet w ill cause
a tactile or other feel ing; though the sk in , and its names
and the lower hnlf of the ep inal cord be all intact. In all
cases we find that if the ncrve«

pethnbetween a senee-orgnn
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end organe of the nem of m b

ml nerve—n bei ng excluded
k ind of sensation , we eome next

diflerent from m enu ? This qna üonmust be
in the negative, fer we have already (p .

'
Jf seen

the same; that 1111
when excited .

and that the ir properties are everyv h
they do is to transmi t “ nervone
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It ia pou ihle thfl the gwed t in the lu t para
gmph needa eome limitaticm. Whild in sensee of di stinct

of whose op tic nerve m inphysiologienl mntinnity wi th
the onter ent ia mditory ‚ nnd the inner end of his

anditery v ith the onter endot hie optie, might hear a pie

tute nd
rhythm or i ntensi ty of aflerentnervonnimpnlseemay oanea
M emeneee m modelity inless difierenficted eeneee. Thns

contact wi th cold soft object may be fel t as heat,
thought to be due to

a teetile senmtim . If this be se , however , heat and touch
would be but extzremc varieties of one kind of sensatien,
and wmparahle to yellow and blue. Again , heavy pra
8nre, gradually increased , aroueee sensationswhieh pces im
perceptibly from touch to pain, and the resul t may be due
to the fact that regular and orderly aßerent hnpnlees,
determ ined through tacti le cerve-endinga, exei te the oem
i n one way ; while irregular, disorderly, andvi olen t, excited
when the nerve-trnnks beneath the skinare directly stimu
lated

, may canm a difierent sensation; much as the m e

musical notes combined 1none order cause pleamre hat 111

another are disagmeable, cansing sort of pain, &1thomgh
the same braia are stimulated in the two cases.

The painfrom a heavy weight may , however, hemerely dne
to the fact that it exci tes the newes very povmrfnlly md
gives rise to impulses which radiate further i n the brainthan
those caneing touch sensations, and 80 exci te new eentme,
the modal ity of which is a painsensation .

However diflerences innervons rhythm
m inor diflerences in sensation‚ it remaina

characters of our een& tione are creations of our
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they depend onproperties of our Bodies and not ou
pmpertiee of external things, except in so far as these may
or may not be adapted to aronse our diflerent sensory
apparatnm to activi ty. From the k ind of the sensation we
cannot, therefore, argne 118 to the nature of the em itant : we
have no more wermut for supposing that light is l ike our
sensation of light than that the kn ife that cute 118 is l ike
ont sensatim1 of pain. All that we know with certai nty ia
states of our ownconseionsnese, andalthough from these we
form working hypothwes as to an external universe, yet,
granting it, we have no means of eeqniring any real know]
edge as to the propertiee of th ings about 118 . What we
want to know, however, for the practice] purposes of l ife
is, not what th ings are, but how to use them for our advan
tage, 01° to prevent them from acting to our disadmntage;
andour senses enable 118 to do thi s enfi ciently well .
Them m rm m Law. Al though our eensationsare,
in modal i ty exk ind , i ndependent of the force exciti ng them,

they are not so indegree 01° intensi ty, at least wi thi n cer
tai n limi te. We cannot memuro the amount of a sensation
andexpress it in foot-ponnds or caloriee, but we canget 8
sort of uni t by determ in ing how smal l diflerence insen

sation can be perce ived. Supposing this smallest perceptible
diflerence to be constant wi thin the range of the same sense,
(which isnot proved , ) it is found that it is produced bydif
ferent amounts of stimul i , measured objectiv e as fewes;
andthat there exists insome cases a relation between the two
which canbe expressed in numbere. The increase of “ima

a las necessary top roduce the smallest p erocp lz
'

ble change in

a sensati0n p roportional to the slrength of the stimulus
already acting; for example, the heavier a pressure already
m ting onthe skin the more must it be i ncreased ordimin
iehed in order that the increase or dimi nution may be felt.
Expreeeed in another way the facts may be put thus : sup
poee three degrees of st imulation to hear to one another ob
jective the ratios 10, 100, 1000, then their subjective ef
fects, or the amounts of eenee tionaroused by them, will be
respect iv e as 1 , 2, 8 ; in other words, the smeation ino



for h11ninosities eo feehle 118 only to be
cul ty ‚ or 80 bright 118 to be dazzling.

Besides their variationx in intensity,
tim e in the strength of the etimnlns,
very wi th the i rri tabil i ty of

which is not constant
person. In the above

the same throughout.
Pereep tions. In every sensation we

disti nguish between the pure sensation
mente foundednponit; we have
we really feel andwhat we think we feel ;
61°m bel ieve we do feel when we do not.
The most important of these judgments

leade us to ascribe certain sensations, those
organe of special sense, to
reference of our eenmfione which 1eede
concern ing the existenee, form, posi tion,
external things. Such represen tations as

I1111 discussionbelonga to the (1
eiology‚ however, is concerned
determi ne the conditions of
under which a given mental
sensation is made. It is qui te
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Iooee in its socket ; md thm we get h ta eenmtiom an

teaching i ts free end with
This irresistible mental

i n 00t wi th them or eeparated from them by a certa in
space

, is knownas the phenomenon of the wtn
'

nn
'

o refer

The discussionof i ts originbelonge properly to Psychol
ogy, and it Wi ll enfliee here to poi nt ont that it seems large
to depend onthe fact that the sensations ex trinsically retened
can be modified by movements of our Bodies. Hunger ,
th irst

, and tootheche all remai n the same whether we turn
to the right or left, or move away from the place wo am

standing in. Bat a sound is altemd. We find that in a

certain pos i ti on of the head it is heard more by the right
eat than the left ; hat 011 tnrning round the reverse is the
case ; and half way round the loudness in each ear is the
same. Henoe we are led , by mental laws outside of the
physiological domain , to suspect that i ts canse is not inour
Body

,
but outside of it; and depends not on condition of

the Body hat an someth ing else . And this is confirmecl
when going in one d irection we find the sound i ncr eased.
and i n the other that it is dim inished . Th is impliee that
we have knowledge of our movements, and th is we gain
through the mnaculnr some. Itwustitntee the reactive side
of our sensory l ife, associated wi th the changes we produce
in external th ings ; and is correlated and conte with
the passive side , in which other things produce sem twne

hy eating upon118.

A8 ren our common sensations we find something of
the same kind. The more readi they canbe modified by
movement the more definite do we 1walize them i n epaee,
though in th is case within the Body instead of onßide it.
Hunger and nansea can be al tered hy pressure on the pit
of the etommh th irst hy moistening the throat wi th water ;
the desire for oxygen (respi ration-hnnger) by movements of
the cheat ; and 80we more or less definite aec:ribe thwe
sensations to conditions of those parte of the Body. O ther

wneetione, as depression , anx iety , and 80 on, me not



“ we can’t always believe our senses ” are two expres
sion: frequently heard, and. each expressing a truth. No
doubt a sensation in itself 18 an absolute ineontrovertible
fact : ül fed mdneeem hM ees l do feel it and that is an
end of the matter : but if I go beyond the h at of my hav ing
a eerüin sensation and conclude from it as to properties
of something elae—if l form a j udgment b ornmy m atwn
— I may be totally wrong; and in 80 far he unable to
believe my eyes or skin. Such judgmenta are almost
inextrieahly woven up wi th many of our sensations, and so

elow that we cannot readi separate the two ; not even
when we know that the judgnient 18 erroneoue.
For example, the moon when ria'

ng or setting, appears
bigger than when high in the heavene—we seem to feel
directly that it arenm more sensation . and yet we know
certainly that it doesnot. With a body of a given brightness
the amount of change produced in the end organa of the
eye will depend on the aim of the image formed in the
eye, provided the same part of its sensory surface ia ectedo

upon. Now the size of this image depends onthe distance
of the object ; it is smaller the further ofi it is and bigger
the newe r, nnd measurements show that the area of the
sensi tive surface aflected by the image of the rising moon
is no bigger than that affected by it when overhead . Why
then do we, even after we know this, see it b igger ? The
reason is that whenthe moonis near the horizon we imagine,
nneonsoionely and irreeistibly , that it is further elf; even
astronomers who know perfectly thnt it is not, cannot help
form ing thisnne<mmioneend erroneone judgment—and to
them the moonappears i n eoneeqnenee larger when near the
horizon, just 8 8 it does to less well-»ifl ormedmortale. In fact
we have eoneeptionof the sky over which the moontrav
ele, not as a half sphere hat somewhat flattened, and

ju&ge that it is further ofl than when overhead. But any
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body which em ites the same extent of the sensitive mdme
of the eye at a great distance that another does at lese, must
be langer than the letter ; and sowe eonelnde that the moon
8 1. the horizon is larger than the moon in the zeni th , and
are ready to declare that we see it 80.

SO , agai n , small bi t of l ight grey paper onawhite sheet
looks grey : but plwed 011 a large bright green surface it
looks pnrple; andona bright red surface looks blue-green.

A8 the same bit of grey paper is sh ifted from one to the
other we see it change i ts color: it arouses i n 118 difierent

feehnge, 01
° feelingewhich we interpmt difiemntly, al th ough

objectiv e the l ight reflected from it remai ns the same.
S imi larly medium-sized manalongside of a very tal] one
appeau short, but when walking with a very short one , tell.
Such erroneons peroeptions as these are knownnem

illusions; andwe ought to be eonstnntly ongnnrd againet
them .



CHAPTER X X XL

THE EYE AS AN OPTICAL INSTRUMENT.

The M utial str ucture of an By e. Every visual organ
coneiete primar i 01 11 nervons expans ion, prov ided with
end orgnne by means of which light is enabled to excite
nervons impulses, nnd exposed to the m es of objective
l ight ; euch an expansion is called a rats'ua. By i tself,
however, a retina would give no visual sensations referable
to disti nctly l im ited external objects; it would enable ite
poseeesm to tell l ight from darkneee, more light from less
l ight

, and(at least in i ts highly developed forms) light of
one color from l ight of another color; but that would be all.

Were our eyes mer e retinae we could only tell printed
page imm a blank one by the fact that, be ing partly covered
wi th black letters, (which reflect less light, ) it would excite
our visual org1m lese powerfully than the spotless whi te



b a . lfl .
—fllm the nae ol nlcznutngtving definüoreflod

X. r r. a la 111. o bk onm lene m lw e

3
thst lt bm.

o%b ol the retlnn. ny e ßt&hl

[ihres would be etimnlated and

recogni tion of two separate ned ohjecte. In
found certai n rafl acting media which lie i n
reti na and take the place of the lens L i n Fig
portion of physidogy which treate of the physic
these media, 01° i n other words of the eye 118 an
etrmnent, is knownas the dioptrics of the eye.
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bull but, near their inner ende, a md
junctive, the m üunarfold p lioa sem

This is remnant of

hirds, in which it can be
of the eyed Qnite i n

minute compound schaeeons glende‚ call
follicles. Their eecretion is sometimes
dant, and then appears 8 8 8 yel lowish
edges of the eyel ids, which often driee
ca11ses the l id8 to be g1ned together in t

The Im hrymal Appm tne co

each orbi t, the dnets which carry
eyel id

, and the eanals by which this, 11111
is carried off from the front of the eye
downover the face . The lm:l1rymal or
the size of analmond , l ies i n the upper
the orbi t, near the front end . It is 8 oo

eenbe readi eeenhy emmining t
in front of lookingv

glase. The
open into the laehrymal m v

, which
in 8 hollow where the lachrynml
henee (L andMm, Fig. meet. From the
due! prweeda to open into the nme—chamber
ferier turbi nate bone (q, Fig. 89, p .

Tears are connümtly being secreted , but



128.—1'ho and their mmclec u nem v hem the roof of the orhh
e tßt ln the cav it

be;
b
=
e

gflr
crüy cleamd owny . Ou

the rk ht alfle the m peflor rectne mnncle a ny . a , extcra
M ; c, mpedor mctns ; t

The H und es of the Ey e (Fig . The eyeball is
spheroidal i n form andattached behind to the optic nerve, n,
somewhat 118 a eherry m ight be to 8 th iek stalk . 011 i ts outside
are insefl edthe tendons of sixmuscles , four straightandtwo
obliqua The straight muscles l ie , one (mpen

'

or rectus) , 8 ,
above, one (inferior reale s) below, one (externa l reclm ) , a,
outs ide, andone (interna l rerlue) , i nside the eyebal l . Each
arises behind from the hony marginof the femmentheough
which the opti c nerve enters the orb it. In the figure,
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rectue of the right side has been removed. The super ior
oblique or p ulley (trockloar) muede, t, artsee behi nd near
the straight mnmles and forms anteriorly 8 tendon,
«8 , which passee through 8 fibrow tilaginona ring, 01

°

pnlley, plaeed at the noteh in the frontal bone, where it
bonnde superiorly the front endof the orbi t. The tenden

but near i ts front at the inner side, close to the lach rymal
sec. It peases thence outwards andbaekwande henmth the
eyehell to he imefl ed into ite outer andpoeterior pnt.
The i nner, upper, and10wer straight imm&ee, the infierior
oblique, and the elevator of the upper lid are supplied by
branches of the third omnial nerve (see p. The sixth
eranial nerve goes to the outer rectua; end the fonrth to
the superior obl ique.
The eye may be moved from side to side ; np or down

obliquely, that is nei ther truly vefl ieal1y ner horizontally,
but partly both ; finally , it 1nay he rotated onits antwo
posterior The oblique movemen ts are always aecom
panied by 8 slight amount of rotat ion . When the glmwe 18
turned to the left, the left external rectus and the right in
ternal contract, and8 108 vorm; when up, both superior recti ;
when down , both the inferior. The superior obliqnemnsele
acting alone wi ll roll the front of the eye downwnda and
ont1mrds with 8 certain amount of rotation ; the inferier
ohliqne does the reverse. In obliqne movements two of
the recti are eoncerned, 8 11 upper or lower with an innee*

or enter ; at the same time one of the oblique 8 180 always
wntracts. Movements of rot8 tion rarely, if ever, ocom*

alone.
The natural combined movementa of the eyes hy which
both are directed simultaneo1mly towards the same point
depends onthe accurate adjustment of al l i ts nerve mnwn
ler appemtns. When the eo—ordination 18 deficient the
person is said to squm t. A left external eqwügt wonld be
mnaecl by pemlysis of the inner reetnsof that eyh, for then,
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measures about millimetem i nch ), and from side
to side about 25millimetere(1 in ch). Exeep twhen looking
at near objecte, the m tera posterinr nes of the eyehalleare
near1y parallel , but the optic nervee diverge eom i&emh1y
(Fig. each joi ns i ts eyebal l , not at the centre, but about
2.5mm. (fi ineh) onthe naml side of the posterier end et
i ts antero—poeterior axie. In general terms the eyehell may
be described as eonsieting of three ooals and three mfmot

The outer coat, 1 and 3 . Fig. 124, consiste of the seh roh
'

r

and the comea, the latter being tmmperentmd situated in
front ; the former is opaque andwhite 81111 covers the back
andsidee of the glohe and part of the front, where it is seen
between the eye l ids 8 8 the white of the eye. Both are

tongh and strong, be ing composed of densea onnective tie
ene. The white of the eye and the cornea are 8180 covered
over by 8 thi n layer of the conjunctiva, 4and5. Behind
the proper eonnectiw - ti ssue layer, 3 , of the eornea is 8 thi n
structureleee membmne, 6, lined inside by 8 s ingle layer of
epithelial cells ; it is enlled the membrane of Desmnet, 01

°

posterior chwtic layer .

The second coat consists of the choroid, 9, 10, the oila
'

ary

p rocesses, 11 , 13 , and the iris, 14. The choroid censiate
mainly of hloodweseels supported by law connective tim e
contai ningnnmeroneeorpnselee, which ini ts inner layers are
riet filled with dark brown or black pigment grannle&
Towards the front of the eyehdl,

’ where it begine to dimi n
ish indiameter, the choroid is thrown into p181t8 , the ci1£m:y
p rocesses, 11 , 12, 13 . Beyond these it con tinues 8 8 the in'

s.

which forms the eolored part of the eye which is seen
through the cornea ; and i n the centre of it this 8 circu lar
aperture

‚
the p up 1

'

l : 80 the second coat does not, like the
ou ter one, completely envelop the bal l. In the irie are

two sets of plain mumular 61118 8 ; 8 circular around the
marginof the pupil and narrowing it when they contract ;
the other set radinte from the inner to the outer marginof

the iris and by their contraction dilate the pupil. The
pigment in the irie is yellow, or of l ighter 01

° derkei

brown, according to the color of the eye, and more or less
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ebendantaeeording 8 8 the eye 18 black, brown, or gmy . In
blue eyes the pigment 18 oonfined to the deeper layere and
modified 111 tint by l ight 8h80fph

'

011 in the anteri or 00101
1888 strata through which the l ight peases.
The th ird coat of the eye , Ihe rct1

'

na , 15, 18 i ts m entinl

port ion , be ing the p8 rt 1nwhich the light produces those
changes that give rise to impulses in the optie nerve. It

18 8 sti ll less complete envelope than the second tunic, ex
tending tow ards only 8 8 far 8 8 the commeneement of the
ciliary pmoeeeee, at least in i ts typical hmm . It 18 extremely
soft and del icate and, when fresh , tm aparent. Usually
when 8 11 eye 18 opened it 100118 0010118 88 ; but hy tak ing
proper preamtions the natural pnrple color of some of its
outer layere canbe seen. Its meet errtemnl layer, more
0ver, 18 cod of black pigment cells. Ou i ts inner
endaee two parts, diflerent from the rest, 08 11 be seen in 8
freeh eye. One 18 the point of en try of the 0ptic nm e,

16, the 6111 88 of which , pene trating the selem tic and

chow id, spread out i n the retine. At this place the retina
18 whiter than elsewhere and preeente 8 11 elem tion, the
opt1

'

c mound. The other pecnliar region 18 the yellow sp ot

(macula Iutaa) , 18, which l ies nearly at the poeterior end of
the 8x18 of theeyebell andtherefore onte1de the opt icmound ;
1n i ts centre the ret1na 18 th inner than elsewhere and 80 8

pit(fovea ccntralw) , formed. This appears 1118011, the
th inned retina them allowing the choroid to be seen through
it more clearly than elsewhere. In Fig. 125 18 represented
the left retina 8 8 88811 from the front, the ellipt1cal darker
patch about the centre being the yellow apot, and the
whi te eimle onone side, the optic mon11d. The veesels of
the retinn 8 11 88 from 8 11 artery (17, Fig . 124) which nme

i n with the optic nerve and from which branchee dimrge

88 shown in Fig. 125.

TheMi croooop i e Structure of the Roth e. Ammplified
stmtnm, con tinuons wi th the proper retine , und formed 01
8 layer of nucleated 00111188118 1 08118 18 8011111111186 over the
mliary pmoeeoee: elsewhere the memtnnne has 8 very com»

plex structure and 8 section taken. exeept at the yellow



Beginni ng (Fig. 126) ou the i nner side we find,
in£erm l lin11

'

l1
'

ng membraue, 8

Next comes the nm e-fihrc layer, 2, formed by
fihree of optic nm e; third, the nervo-ccü

1ß.
—The lefl mflns u tt vonld henee irWo hn t pflrt of tho t

fourth, th8 " CM 4

very fine nerve»fibrils, end large 01 tisch e ;
fifth, the inner gramdar layer, 5, nucleated
08 118 , wi th 8 88 18 11 amount of protoplasm et m b end, and
8 nucleolus. Theee granulea, 01

°
at eny mte the majori ty

of them , have an inner prom s running to the inner
molecular layer and 8 11 outer running to, 0, the outer
molecular layer, which is thinner then the inner. T hen
comes, seventh , the red and 00118 fibre law , 7, or enter
grannlar layer; compomd01 thiek end th in fihres 011 m h

of which 18 8 conspicuousnnelene with 8 118 018018 8. Next
18 the th in external Im11'ting membrane‚ 8, perforated hy
apertures through which the rede und 801188 , 915381 the ninth
layer join the 611188 01 the eeventh.

1 1 11 811, 118xt

the choroid, 18 the p igmentary layer , 10. In additien, cer
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and their branchee, are undoubtedly 8008 880134.
Each rod and cone consists of 8 11 outer and an inner

segmenl. The outer segments of both tend to spli t up tru s
versely in to d18k8 and are very simi lar, except that those of
the 1‘0d8 am longer than those of the eoneeanddo not tapm
118 the letter do. The i nner eegments of the 00nee are
w ollen , while those of the rods 118 1

'

1
‘0W and near1y cy

1111dr188 1. Overmost of the retina the mds are longer and

much more nnmerons than the 001188 , hat near the ci liary
11 1

1008 8 888 they 08 8 88 before the eonesde, undm the yellow
spot elongated 001188 810% are found. In th is region the
whole retina is much modified; at itsmargin8 1] the leyen
are thickened hat especially the nene—oell layer, which 18
here six 01° seven th iek , while elsewhere the cel ls are found
i n het one or two strutu. Al l the fihres 8 180 are obliqne,
1
°e8 ching in to become eontinnoua with the eonee of the
central pi t, which are long, elender and very closely pwked.

Inthe fovea i tself 81] the layers , exeept that of the 00088 ,
thin away, and 80 thedepressi on 18 produced. The fovea 18
the seat 01 most nente vision; when we look at an object
we always turn our eyes so that the light prooeeding from
it shal l be focu sed on th is spot. Where the optic nerve
enters, al l the layers but the nerve—fihre layer, which is ven
thick, and the i nternal lim i ti ng membrane, are aheent.
The blood-vewels of the ret1n8 118 inthe nerve—fihre and

nerve»cell layers.
The B efi eeting fi edi e. of theEy e are, ia onfrom
before back , the com ea , the aqueous humor, the cry 1flalléne
(m e, and the vitrmus Immer.
The aqueous humor fi118 the space between the front of
the lens, 28, and the back of the cornea. Th is space 18 in
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30, and 8 poW or , 31 (Fig. Chem ically, the aqne
0118 humor con818 t8 of water holding in solution 8 smal l
amount of solid matters , mainly common88 1t.
The crystallim lem (28, 26, 27) 18 00101 18 88 , transparent ,

nnd biconvex, wi th its antenor surface less curved th1111

the posterior. It 18 surrounded by 8 capsule, and the inner
edge of the iris lies i n contact wi th it infront. In eonsiet
once it 18 soft, but its central layers 81 8 rather more dense
then the outer.
The v1

'

treoue Immer 18 8 soft jelly, enveloped in 8 th in
capsule , the 898 101

'

d membrane. In front, this membrane
spl it8 i nto two layers, one of which , 22, pm 011 to be
fixed to the lene 8 11tt1e i n front of its edge. This layer 18
known8 8 the euepmsory lv

'

gamentof 018 lem ; its line of at
taehment around thet orgen 18 net straight but einnons
8 8 represented hy the curved line between 28 and 26 i n Fig.

124. The space between the two layers i nto which the
hydoid sp l i ts 18 the mnal of Petit. The v i treous humor
consiste mainly of water and contains some sel te, n li ttle
albumi n , 8 8 8 some m110111. It 18 div ided up, by delieate

membranes, into compertmente inwhich i ts more liquid
portione are 18 1111 1801180.

The Oil iary Muscle . Running around the eyeball
where the 001 8 88 joins the sclerotic 18 8 l i ttle ve i n called
the canal of Schlamm; it 18 808 11 111 section at 8 i n Fig. 124.

Lying on the i nner side of this just where the irie
and the ci liary processes meet , there is some plainmuscular
t1eene , irnbedded mainly i n the m iddle coat of the eyebal l
and torming the c1

'

l1
'

ary muscle, which eoneiete 01 8 md
and8 cirw lar portion . The radial part is much the larger,
8 11darises i n front from the i nner surface 01 the sclerotic ; the
flbree pass back, spm ding ont as they go, and are inserted
1nto the front of the choroid opposi te the cil iary processes .
The cirenlar part 01 themnac1e lies around the outer rim of
the wie. The eontractionof the ci l iarymuscle tends to pnll
forward (18 1118 1fibree) and press inward (ci rcular fihres) the
front part of the choroid

,
to which the back part of the 8 118

peneory l igament of the 18 118 18 closely attached . In this way
the tenmonexerted onthe leneby itsIigament 18 dimin ished .



waves travel ing i n one plane only, 88 those on the surface
of the water. Starting from 8 lumi nous point light
would travel in811 di rections along the 18 1111 of 8 sphere of
which the point 18 the centre ; the l ight propeguted along
one such radius

'

18 08 11811 8 ray , 8 1111 18 each ray the ethereal
pnrticles swing from s ide to side i n 8 plane perpemi

'

wnh r

to the directionof the my . Taking 8 pu tiele 081 any my
it would ewing 8 81118 8 certain distance from it, then heel:
to it again, andaeroes for o eerte in distance on the other
mde; and then back to its original posi tion on the line of
the my.

‘ Such 8 movement 18 8 11 088171811011, and takes 8
certain time ; in lighte of eerta inkinds the per iods of 0%
tion are all the same, no matter how great the extent 01°
ampl1

'

tude of the osci llation ; just as 8 given pendulum wi ll
always complete i ts ew1ng i n the same time no matter
whether i ts ewinge he great 01° smal l. Light of

rays i n which the perimie 01 osci llation 8 18 is
called monochromatic 01° simp le light, wh ile light made 011 8
m ixture of 080111860118 of diflerent periede 18 08118 11 91%
01

°mmpound light.

If monochromatie l ight 18 steadily ermitted 1108 1 8 point,
then , at certai n distances along 8 ray, we come to pmt ielee
in the samephaec of osci llation , say at their greatest die»
tanee from their posi tion of rest ; just 8 8 in 'the concentr ic
wavee seenonthe water after thmwing ine atonewewould
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18 01118 1108 to that of the angle 01 111118 181081 18 du ye fl18

same for the 88 1118 two media wi th light of the 8111118 wavec

length . When the first medium ie air the ratio af the sine
of the angle of refmction to that of the m gle o! 1111111 8118 8

18 08 118 11 the retractive index of the second medium. The

greater thi s refraetive i ndex the more 18 the retrw ted my
deviated from its original course. Rays wh ich fall perpen
dicularly onthe 81111808 01 sepamtionof two media pass 8 11
wi thout refraction .

The shorter the 0801118 t1011 p81 10118 of l ight-raye the more
by retractiou. Henee mixed light wha 1

l n—Dhunmmum nng the dteperulomofmlxed llght by npfllm.

sent through 8 prism 18 811113011 out , 8 1111 11800111p088 11 11110

its simple oonetituente. For let a 8 (Fig. 128 ) be 8 my 0!
m ixed light composed of 8 set of short 8 1111 8 set of long
8 1h8 1'8 8 1 waves. When it 18 118 on the 81111800 A B 01

the prism ,
that portion which 88 18 18 wi ll be 1 8 111118 81]

towards the normal ED , but the short waves 11101 8 than the
longer. H8 1108 the former wi ll take the direction g , 8 1111

the latter the direction an . 011 emerging from the prism
both rays will 83 8 111 be refmeted, but now from the 1101

1118 18 F y 8 11110 811108 the light 18 passing 110111 8 (18 1188 1 to
8 18 1 8 1 medi um . But again the ray y , 18 8 118 up of shortm

waves
,
would be most deviated , 8 8 inthe directmny 0, 8 1111
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the long waves 1888 , inthe direction 8 r. 11 8 8018 8 8 were
put at 8 8 , we would recei ve onit at eeparate points, 0 8 1111
r, the two simple lights which were m ixed together inthe
wmpoundincide11t ray a .t . Such 8 separation 01 light—raya
18 0811811 dicpersim .

Ord inary white light, euch 8 8 that of the 81111, 18 00111

p088 11 of ethereal vibrations of 811 possible lengths. Hence
when such light 18 sent through 8 prism it gives 8 contin
110118 118 8 11 of l ight-rays, known 88 the sola r apectmm,

reaching from the least refracted to the most refmcted 8 1111

shortest. The exeeptions to this statement 118 8 to Frauen
hofer’s Physics) 8 1 8 unessential 101 0111 present
purpose. Al l 01 the simple l ights into which the 00111110118 11
8018 1 light 18 thus separated do not, however, excite 111 118

visual sensations when they fall into the eye , but only cer
ta in middle 01188 . II 8018 1 l ight were 118811 with the prism,

Fig. 125, certain least refmctedrays betweenr 8 1111 8 would
not be 888 11, nor the most refi'

acted between v 8 1111 S ; while
between11 8 1111 r would stretch 8 11118 1110118 hand exeita

'

ng 111
118 the 88 1188 01 18 11 (due to the least refracted visible
mys), sueeeeeively through orange, yellow, green , bright
111118 , 8 1111 111111g0, to violet, which latter 18 the sensation
aroused by the most refi angible visible raye. The still
shorter waves beyond the v1010t, 8 1 8 known mainly by their
chemical effects 8 1111 make up what 8 1 8 88 118 11 the actinio
rays; the longer i nvisible W8V88 , beyond the red , exert 8
powerful heatzing influence andeompoee the thermal 01°dark
heat mys. The eye, 8 8 8 11 01g8 11 for making known to as
the existence 01 ethereal vibmtione, 118 8 , therefore, only 8

limi ted range.



va ging lena then ie auch 8 point beh ind it at v hieh
rays 110111 8 given point infront of it meet
m hng w d led ® wwugatofm s of the pomt trm

lumine 1m object 118 111808 11 18 front of the 188 8 8 8

m the eonjngate 100118 of that point behind .

w inverted, ae oanbe readily m nfinm fi g 129. 8 11 1831:

trom the point A ef the object
meet at the point a 01 the

image ; those fmw ßat b, 8 1111

these fmm intermediate pointa

8 1 intermediate p0818’08 8. If

hy m enl 8018 h18 8 11 80 88 to

form 88 oph
'

oal syslan the

general m alt would be the mm , 1110d the syntem

were thieker inthe centre thanat its peripha y.

1
'£ he 0unm 0hecura‚

n 8 88 11 by photographers, 18 88

instrument which 881 V8 8 to the iom 8 tiw 01

images by convergi ng 8y8 11018 8 01 18 11888 . It 1 1 / 01 8

box 1118011811811 11181118 8 1111 having 011 its from f808 8 1

containing the 1811888 ; the pmterior W811
'

18 madß01 1 11

51888 If the front of the instrument be dim ted 08 a

18 1 101 objects, i nverted 8 1111 11111111118h8 11 imaga of them wi ll
118 formed 08 the ground glass; those 1111838 1! 8 18 only wel l
defined, at any one time, which 8 1 8 at aueh 8 distance in
front of the instmment that the 008 j1138 18 1001 of poinh
08 them 18 11 exactly 08 the glass behind the 188 8 : 0bje0ü
8 88 181 01 further 03 give 008 11188 11 8 8 11 indistinct imw ;

but by al tering the (118811108 between the 1911899 8 8 11 the

ground gla s, 18 common language “ 1001181113 the imm
ment, ei ther 08 11 be made dist inct. For m 0bjectß &8
108 888 must be farther from the mrfaoe 08 which me
image 18 to be received , 8 8 11 for 111t mm . The
1 88 808 of this may readily be seenfrom Fig . 130. 11 the

system of lenses bringe the parallel rays a c 8 8 11 6 11, pm

088d18 3 from 8 8 infini tely distant object, te 8 focus at z,
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without m y eflofl ; nll nya emnnztiug tmm a point 01 the

ohjeet meet againinone point om the retina.

Accommodation. Pointeonnw ohjecßeend into the eye
diverging rap : these therefore wouldnot come to : tocas en
the retina bu t behind it, and wouldnot be seen distinctly.
didnot some ohangenccnr inthe eye; since vem eee them

quite plainly if we choose (nalen they be very near indeed ).
there mus t exist some means by which the eye is nd: pted
or cwcommodatodfor looking xt objeeta atdifierent distancea.
That some change does wear pw e

m . m - m mm m q which light h mtncted tntho

by obeerving that we cannot eee distinctly, at the same
moment, both near and d istant objects. For exam ple
standing at a window, beh ind 11 laee cnrtain, we can if we

choose look at the threads of the laee or the housee across
the street ; but when we look at the one we only see the
other ind istinctly ; and if, after look ing at themore (1t
object, we look at the nearer we experience a distinct sense
of efiort. It is clear. then , that someth ing in the eye is
diflerent 111 the two cases. The resting eye, sui ted for dio
ttnctly seeing distant objects, might eoneeivahly he weouy
modated for near vision in several ways. The refrw ting
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indiées of its media might be increased ; that of course does
not happen ; the physical properties of the media are the

same in both easesz or the distanee of the retina from

the retracting snrfaees might be increased, for example by
eompreeéenof the eyeball by the muscles around it; how
ever

,
experiment shows that chang e of aeeommodationcan

be hmught about in the fresh excised eyes of animals, in
which no aueh eomprewionis possible ; we are thus reduced
to the th ird explanatien, that the retraeting surfeeee‚ or

some of them, become more curved , and so bring more
diverging rays eooner to a. focus ; since lene of smaller
curvatnre is more converging than one of greater cum ture

composed of the same material . Observation shows that
this is what actually happens : the eorneal surface remaina
unehanged when near object is looked at
after dist1mt one, but the anterior anr
twe et the lens becomes consideret more
eenvex and the posterior sl ightly 80. A8

already pointed out when light meets the
separating surface of two media some is
refleeted and some refracted (p. If,
therefore, person be taken into a dark
room and candle held onene side of his

°
‘fi

eye, wh11e he looks at a dmtant object en m N °

observer emneee three images of its flame g;
cflns modh ot

in his pupil, due to that part of the l ight
refle c from the sur£aeea between the media. One (0,
E g. 132) is erect and bright, refleeted from the eonvex
minor formed by the com es; the next , b, 18 dimmer andalso
erect ; it comes from the front of the lem . The third

, e,

is cl im and inverted, being reflectedfrom the eoncavem inor
(eee Physics) formed by the back of the Jena. 1! now the
oheerved eye looks at a near object m the same l ine as the

light from the frontofthe lens becomes smaller andbrighter
,

indieaüng (see Physics) a greater convexity of the refleeting
mrf11ee; the image from the back ofthe lens also becomes very
slightly smaller, indieaüng feen increased cnm tnre.



500 m m BODY.

muscle Inthe testing eye it is relu edandthe éuspeneory
l igament of the lem is taut. and, pulli ng onits edge , du ga
it out late ral ly l ittle and Betten: its snrteeee, especit
the anterior, since the l igament is attached little inImut
of the edge. Te sec a neu er object the eiliny m uscle ia
eontraoted, andaccording to the degree of its eont1°actien

Blackens the suspensory l igament and then the
elast1' e lem , reliemd from the letamal drug, hniges out a

l ittle inthe centre.

m om edat ienis very great, all owing the rays from points
infinite (1t up to those

in front of the eye to be

brought to a focus on the w

tina. Inthe normal eye par»
alle] raynmeet onthe retina
when the c1

'

liary muscle is
completely rehmed (A, Fig‚

Such eyes are emfl o

h ap to. In oth er eyee the eyo
bal l 18 toe long from before

mustreung tho beckunthe resting state par
anm m trop |c (A). al le! ray : meet intromt 01 the

retina(ß). Persone with such
eyes, therefore , cannot see distant objects d istinctly without
the aidof d iverging (eoneave) spectaelee ; they are short.
sighted01°nzy0p ic. Or the eyebell may be too short £mm
before hack ; then , in the resting state , pm llel mya are

brought to focus beh ind the retina To see even
infinite d istant objects, such persons must thereiore une
their aceemmodating apparatus to increase the eonverg ing
power of the lens ; andwhen ohjeets are near they emmot.
w ith the greatest efiort, bring the d ivergent myq neeeeding
from them to focus soon enough . To get di stinct mtinal
images oi near objects t hey therefore need em1vea*gmg (een
vex) speetac1es. Such eyes are calledW , er in

common lengnage lmg -n
'

gklcd.
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whetu they con verse, which , being notieed by those of

qu icker sight, might indnee feel ings of distrust or m ay
anee.

”

Inoldege the eyeball tendnte beeome flattened; henee
emmetrepie eyes become hypermetrepie and old persons
are usually long-sighted andneed eonm glmeee Sneh
a flattening of the eyehall is of eourae a relief M the

myepic eye ; and so short-sigh ted persons can frequently,
whenold, still read withont glasses . But this is poor com
pensationfor the mistiness with which everyth ing m und
them , except very near objects, has been seen thmnghent
their previons life.
Inall formsofdefieientaeeommodationtoostrong glu ees

w i l l injnre the eyes irreparahly , increa3 ing the defeeta

they are intended to relieve. Skilled advice should there
fore he invariably obtained in their selection, except per
heps inthe long—sightedness of old age when the snflerer

may tolera n sately select for himself any glasses that
allow him to read easily book about 80 eentimeters (12
inches) from the eye. As age advaneee strenger lenses
must of course be obtained.

Opfi cel Defeeta of the Eye. The eye, though it eu

ewers admirably as physiological instrument, is by no
means perfect optically ; not neerly so good, for em mfle,

as a good m icroscope objective. The maindefects init are
due to

C
'
hromatüAberratim A8 already pointed a lt the

rays at the violet end of the solar spectrum are more
fm 11gible than those at the red end. Henee they
brought to e focus eo<mer. The l igh t emanating from 11

point ona wh ite object does not, therefore , all meet inone
point onthe retina; but the vielet myscome to a foeus first,
then the indige , and so on to the red , farthest hack of all.

If the eye is aecommedated so as to bring to a focus onthe
retina parallel red mye, then v iolet rays from the sam e
eoueee wi ll meet half m illin1eter m front of it, andomas.

ing andd iverging there make a l ittle violet mrcla qf nhfi‘
u»

sionaround the red point onthe retina. In optical inetrn



mente this defeet is remedied by combining together leneee
made of diflerent kinds of glass ; such compound lenaea
are called achromalic.

The general result of chromatic uhermtion, as may be
seen ina had opera—glass, is to cause eoh>red bordere to ap
pear around the edges of the images of objects. Inthe eye
we usually do not notice aueh bordera unless we especially
look for them ; but if, wh ile white snrinee is looked
at, the edge of anopaque body be brought in front of the
eye so as to cover half the pnpil, eoleratiens w il l he seen
at itsmargin. If aecommodation is inemet they appear
11130when the boundary between 11 Whi te and black anr
Iaee is observed .

'
The phenotnena due to chromatic

aberration are much more easily seen if l ight contain ing
only red and violet rays be used instead of white light een
taining all the raye of intermediate reirang ibility. Ordi
dinary blue glass only lets through these two kinds of mys.
If a bit of it be placed over a very small hole in anopaque
shutter and the sunlight he snflered to enter through the
hole , it wi l l be found that with one aeeommodetien(that
for the red ray3 ) a red point is seen with violet herder,
andwith another (that at which v iolet rays are brought to
a focus on the retina) violet point is seen with red

2. Spherical Aberration. It is not qui te eoneot to state
that ordinary lenses bring to a focus inone point behind
tha n rays prweeding from point infront, even whenthese
are all of the same refrangibility. Convex lensee whose
surfaces are segments of spheres , as are those of the eye ,
bring to a focus sooner the rays which pass through their
marginal than those through their central parts. If the

rays pmeee<i ing from a point and tramrs
'

mg the lateral
part of a lens be brought to a 100118 at any po int, then
those passing through the eentre of the lene will not meet
until l ittle beyond that point . If the retina receive the
Mage formed by the peripheral ray s the others w ill form
around this e small lnn1inous eircle ef lit neh as would
be formed by secti ons of the cones efconverging rayx inFig.

122, taken a li ttle infront of r r. This defeet is fonhd inall



same
poee the vertical meridinnto be the
mys prceeeding from points along a vertical line wi ll be
brought to 11 focus eooner than those from points ona hori»
zental l ine. If the eye is aecommodated to see distinctly
the vertical line , it will see indisti nctly the horizonta l and
via m ea. Few people therefore see equally elee1‘ly at once
two l ines eroseing one another at right angles. The pheno
menen ismost ehvious, however, when 11 series of concentrie

(F ig. 134) is looked at : then when the lines appen
sharp along some weten,

they are d
'

un along the

known as ash
'

gmatian, 18
marked it eauses serious
troubles ef visionand te

qu ires peculiarly shaped
glasees to connteraet it.

4. Opaque Bodies

In diseased eyea the lens

and need remove] ; or

opacities from nleera or

v onnds may exist the eornea. But even in the heat
eye there are apt to be small opaque bodiea inthe vitreous
humor caneing musca vol1

'

lantcs; that is,
‘

the appeamnee of
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CHAPTER X X X II.

THE EYE AS A SENSORY APPARATUS .

ble visual apparatus for each eye eonsiste of the retina, the
optic nm e, andthe brain-cen tres connected with the latter ;
however stimulated, if intact, it causes visual sensations. In
the great majority of cases its em itant is objective light,
and so we refer all stimulations of it to that cause , unlees
we have spec ial reason to know the contrary. As alreadv
pointed ent (p. 468) pressure onthe eyeball eanses Inmi
nons sensation (phosphene), which suggeeta itself to es

118 dependent ona luminons body situated in space where
such anobject must be inorder to excite the same part of

the retina. Since all rays of light penetrating the eye,
exeept in the l ine of its long axis‚ cross that axie, if

we press the outer side of the eyeball we get visual sensa«

tion referred to a lnminons body on the nase] side ; if we
press below we see the luminons patch above, and 80 on.

Of course diflerent rays entering the eye take different
paths through it, hat 011 general optical principleä, which
cannot here be detailed , we may traee all oblique rays
through the orgenby assum ing that they meet and leave
the optic ax is at what are known as the nedalpotnts of

the system ; theee (k k
'

, Fig . 135) lie near together in
the lens. If we want to find where rays of light from A

wi ll meet the retina (the eye being properly accommodated
for see ing anobject at that distance) we draw a l ine from
A to k (the first nodal point) and then another, parallel to
the first, from k’

(the second nodal point) to the retina.

The nodal poin ts of the eye lie so near together that for
pmetieal purposes we may treat them as one (k, Fig.
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plae0d near the back of the lens. By manifold experience
we have learnt that lnminonebody (A Fig. 138) which we
see

, always lies onthe prolongation of the line joining the
excited part of the retine, a, andthenodnlpe int, k. Henee

M lß.
—Dingnm tlinutnttn the tnat whlch hwtdent n tu tt

meot ttw retlnn. x x . optie nx£ : fl
p
r:t
m
nodnl

nt v hene the lmnge ofß be lonnod, v m the eye w eom «

m&fited tor lt ; m the ret1nd pdnt v hen the lmng e ot 4 woum h
l
gmed.

any excitationof that part of the retina makes ns thinkof
luminous body somewhere on the line 0 A , and, sim ilarly ,
any excitation of 6, of body on the l ine 6 B or i ts pro
longatien. It is only other eonflieting experiences, as that

wetten through the ey eball. c x
, epfle ext.;

with the eyes closed external bodiee do not excite vis ual
sen sations, and the constant connection of the pressure felt
on the eyel id wi th the visual sensation , that enable na
when we press the eveball to concl ude that, insp ite of what
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we seem tosee, the lnminonaeeneetionisnot due to objective
light from outside the eye .
The Idio-B etinal Ligh t. The eyelids are not by any

means perfectly opeqne; inordinary dayt t they stil l allow
a considereble quantity of light te penetrate the eye, as any
one may observe by passing his hand infront of the closed
eyes. But even ina dark room with the eyes counplem
covered up so that no objective light canenter them, there
is still experienced e small emonnt ef visual sensation due to
1nternal eaneee. The fieldof visionisnot absolutely dark
but slightly luminene, with brighter fleeting patches trav
eteing it. These are especial ly notiemhle, for example, in
trying to see andgrope one’s way with the eyes open up a

perfectly dark staircase. Then the luminouspatches attract
special attention Memme they are apt to be taken for the
eigns of objective realities ; they become verymanifest when
any sudden j8 1' of the Body, due for example to knoeking
against something, ocen1e; and have no doubt giveh rise to
many ghost stories. These visual sensations tel t in the
absence of all external stimulation of the eyes, may for een
venience be spoken ot es due to the idio-retinal light.

Light only excites the retina when it reachee its nerve end
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vessels. N0w h erdn that thew ahadm may he eéentha

perts onwhich the light acte mnst be hehind them , flud

therefore 111 the enter layers of the retina since the veaeele

lie (p. 490) in ita inner strata
If the hght 1s kept steady the vnnenlar ehadews eoondis

appear ; inorder to eontinne to see them the eandle must
he keph neving. The explanntienof thie faeh nay readi
he made elear by flxing the eyes fet ten 01° fifteen seconds
onthe dot of an“ i

”
semewhere about the mixhfle of th is

black letters and the highly ln1ninone white page is v
ery

obvions ; in other werds, the diflerent se1m tions arimng
from the strene and the fee n exeited areas of the retina.

But if the glance do not be allowed to wunder , very soon
the letters become indistinct and at last disappear
eltogether; the whole page looks uniform gmyish. The
reason of this is that the powerful etimnletionof the retina
by the l ight refleeted from the white part 01 the page 80011
fatigues thepart of thefinal appamtns it aets upon; andas
this fatig ue progremes the etimnlns produces lese und lese
eflect. The parts of the retina, onthe other hand , which
receive l ight only from the black letters are very little stima
lated and retain their original excitability 80 that, at last„
the feebler em itationeating uponthese more irritable parte
pr0dneee as much sensation as the strenger stimnlns acting
upon the fatigued parts ; and the letters become indistin
gnishahle. To see them eontinnonsly we must keep 8hift

ing the eyes so that the same parts of the v isual appamtue
are alternate fatigue<i and rested, and the general irrit&
bility of the whole is kept about the same. Se. in

Purk inje’s experiment, if the position of the shadews

remain the same, the shaded part of the retina soon he
eomes more irritable than the more excited unehnded

parts, and its relative increase of irritab ility makes up ter
the less l ight fal l ing onit, 80 that the shadows eease to be

pereeived. It is for this same reason that we do not see
the vesse ls under ordinary eircnmstanees. When light, as
\18118 1‚ 8 11t8 1

'

8 the eye from front th rough the pupil the
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shadows alwaye protect the same parts of the reh
' na, and

theeepartsare thus kept sufi cientlymore excitable than the
rest to make up for the less l ight teach ing them through
the vessels. To see the latter we mu8t throw the l ight into
the eye in an unusual direction , not through the pttp

'

tl but

laterally through the sclerotic. If 0, Fig . 139, be the

section of 8 retinal vessel, ordi
narily ite shadow w ill fall at

some point onthe line prolonged
through it from the centre of

the pnpil. If candle be held
opposite b it illuminatea that
part of the seleretie and from
there l ight fadjawaand illnmines
the eye. The sensation we refer
to light entering the eye inthe
11811111manner through the pupil,
and aeeordingly see the surface
we look at as if it were ill uminated. The shadow of 0 18

newcast 011 anunusual spot c, andwe see it 8 8 it at the point
don theW111], onthe prolongation of the 11118 jo1ning the
nodal point, of the eye with 0. If the candle he moved
80 8 8 to illnminate the po int 6' of the sclerotic, the shadow
of v wi l l be east on c

'
and wi ll accordine seem on the

wall to move from (1 tod
'
. It 18 clear that i.! we know how

far 6 18 from 6' how far the wal l 18 trom the eye, andhow
far thenodal poin t 18 from the retina (16 mm. 01

° inch) ,
andmeasure the distance onthe wall from 11 to d

’

,
we can

calenlate how far 0 18 from c
'

and then how far the « 8881

throwi ng the ehadow must be infront of the retinal parts
pereeiving it. In this way it 18 found that the part eeeing
the shadow, that 18 the layer onwhich l ight acts, is just
about as far beh ind the retinal vemels 8 8 the mainvaecnlar

tmnke of the ret1na are infront of the red and eone layer.
It 1s, therefore, 111 that layer that the light initiates those
changes wh ich give rise to nervone impnlees; which 18
further made ehvions by the fact that the seat ot most
aente vision18 thefovea ocntrah

'

e, where this layer and the
eone-fihree diverging from it alone are found (p.
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When we want to see anything distinctly we alwnye turn
eur eyee eo thet 1ts image 8h8 11 fal l en the eenfie of the

yel low spot.
The V isionl’urple. Hew light aets inthe ret1na 8088 to
produce nerve 8timnli 18 still uncertain. Recen t eheem
tions show that it prodnees chemical ehangee 111 themdund
00116 layer, and seemed at first to indicate that its action
was to produce mbetanees which were chemical exeitant8
of nerve-fihres; but although there canbe little d<mht that
these chemical changes play some important part invision,
what their röle may be 18 at present quite oheenre. If 8

perfeetly fresh retina be excised rapidly, its outer layers
will be found of 8 rich pnrple eolor. In dayi ight this
rapidly bleaches, but 1nthe dark persiste even when pntre
faetionhas set in. In pure yellow light it 8180 18 1118 1118

unbleached 8 long time, but inother lights dieappeu s at

diflerrent rates. It 8 rabbit’s eye he fixed immovably md
exposed 80 that an image of 8 window 18 focused on the

same part of its retine for some time, and then the eye he
rapidly excised inthe dark andplaeed 111 solution of potaeh
alnm, 8 colorless image of the window 18 found on the

ret1na, snrronnded by the visual pnrple of the rest which
18 , through the alnm, fixed01° rendered incapable of change
by light. Photographs, 01° op togmnu , m thus obtain ed
which difier—from the photographer’s inthat he uses light
to produce chemical changes which give rise to eoloeed

bOd18 8, wh ile here the reverse 18 the case. If the eye he
net rapidly exe:ised and put inthe alnm after its exposnre,
the optogram wi l l d isappear ; the visionpnrple being rapidly
regenerated at the bleached part This reprednctienof it
18 due mainly to the cel ls of the pigmentary layer of the

ret1na. Portions ef frogs’ retinee mised from th is bleach
more rapidly than those left 111 contact wi th it, but beeon1e
soonpurple again if let fall hmk upon the pigment-eelle.

It thus seemed 8 8 if we had got 8 elne to the physiological
action of light in the eye : hnt experiments show that
animals (frage) exposed fer 8 long time to 8 bright light
may have their retiaes completely bleached and sti ll see

W ell ; they can still unerfine catch flies that come
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0, then that em itted hy two candlee will be 28 ; and 80 on.

If the amount of sensat1011 excited by the 8111g1008 111110 110

A , then that due to two candles will not 110 and that
hy three Will be fur 1088 than 34. If a white su rface, P,

Fig. 140, be illuminated by 8 08 111118 at 0and another else
where , and e r011, 0, be plaeed
80 88 to intercept the light
from 0, we 800eleerly a shadow ‚

since our eyes reeogniee the

difference in luminosity of

th is part of the paper, refleet
ing light from one eendle only,

from that of the rest which is ill uminated by two: that 18
we tell the sensation due to the et1mnlne 8 from that due
to the stimnlns 28 . If now 8 bright lamp be brought 111
andphwed alongside, and its light he physieaüy equal to
that of 10 08 8 11108, we 008 80 to pereeive the shadow 8.

That 18 the sensation 8 1
‘

01180d hy objective light 128

(due to the lamp and two candlee) cannot be told from that
due to light 118 ; al though the difi erenee of ohjeetive
l ight is sti ll la 8 8 before. Meet persons must have ob

served illustmtiens of this. Sitting in8 mom with three
lightanot unfrequently some object 80 intereepts the light
from two 8 8 to cast onthe W8 11 two shadows wh ich partly
overlap. Where the shadows overlap the wall gets light
only from the th ird eandle; around that,where each shadow
18 separ8 te, it 18 il luminated by th is and one other candle
and the W811 in the neighborhood of the 8h8d0W8 by all

three. Objectively‚ therefore, the difference between the

deep shadow and half shadow 18 that between the light
of one eendle and that of two. The differenee between
the half shadows and the wall around is that between the
+42 t of two and three candles. But 8 8 8 matter of sem
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shadow seems much greater than that between the 11811
shadow and the rest of the W8 11; inother words the 111601

01100, 11 , between a 8 1111 28 , 18 8 more eflicient stimulns than
the 88 8 10 d1fference, 11 , between 28 und 38 . When the
total stimulus increases the same absolute diflerence 18 1088
felt 01° may be entire nnpereeived. An example of th is
which every 0110wil l rew gnize 18 8 110111011 by the invisibility
of the stars indaytime.
Onthe other hand , 8 8 the total et1mnlus 1n01°08 808 01° 110

0108 808 the same fraetionel difference of the whole 18 per
eeived with the same 0880; 118 . excites the same amount
01 801188 6011 . In read ing 8 book hy lampl ight we pereei ve
cleady the ditierenoe between the amount of l ight refleeted
from the black letters and the white page. If we call the
total lampl ight 10110e by the b lank parts 108 8 1111 that
by the lette rs 5311 , we may say we pereeive with 8 certain
distinctn0m 8 lnminons diflerence eqnal to one flfth 01

the whole. 11 we now take the book inte the daylight the
total light refleetedfrom both the letters andtheunprin ted
part of the page 1ncreasee, but inthe 88 1110preportion. Say
the 0110 new 18 508 and the other 100; although the

absolute diflerenee between the two 18 new40a instead of
Sa we do not see the letters any move pla1111y than before.
The smallest d1601‘0n00 in lnm1nous in tensi ty which we
canpereeive 18 about of the whole, for 811 the range of
l ights we 1180 111 carrying on our ordinary occupations.
For strong l ight8 the smallest peroeptible traetien 18 een

8111018ngreater ; finally we reach 8 l imit where no increase
inbrightness 18 felt. For week illum ination the sensation
18 more neerly proportioned to the total d ifferences of the
objective l1gbt. Th118 in8 dark room 8 11 object reflecting
811 the little light that m hes it 8 pp08 1

'

8 elmest 111100 8 8

bright 8 8 0110 refleeting only half; which in 8 strenger
l1gbt 1t would not do. Bright objects ingeneral ohecuritv
thus appear nnnetumlly bright when compared with things
about them , and indeed often look 0011-111 1n11101w. A eet

’

s

eyes
, for example, 8 10 88 111 te “ shine in the dark ; ” and

painters to produce moonlight effects always make the
bright parte 01 8 picture relative brighter. when compared



01 8 moonl ight landscape

than that 0L the 8tilll llltlß, 8 fact taken advantage 01 111
making fireworks: 8 11 aseending rocket 111-01111008 the 8011.
eatienef a trail ol light extending tar behind the posit1011
of the bright part of the rocket itself at the moenent,
because the sensation by it in 8 lower part
of 1ts mnme still persists. 80, shooting stars appecr to

have luminens te ile behind them. By rotating mpidly
before the eye 8 diskwith alternate white 8 1111 black weton
we get for each point of the retina onwhich 8 part of its

image fal ls, alternating stimulatiom(due to the passage of
wh ite eeetor) and rest, when 8 black sector 18 paeeing . I!

the rotation he rapid enough the sensationamused 18 that
of anniform grey, euch 88 would be produced if the white
and black were mixed and 11p101111 evenly over the diek.

Ineach revolution the eye gets 88 much light ae if that
were the cwe, and18 unable to distinguish that thie light 18
made up of separate portions resehing it at intervalsz the

stimulation due to each 188 18 until the nex t beginn8 1111 80

811 am fnaed together. It 0110 tnms ent mddenly the gas

in8 room containing no other light, the image of the flame
peeeists 8 short time after the flan10 itse lf 18 extinqnished.

pointed out 8 n0008 88 1'y condi tion ef 800111g definite ob

joete, 88 dietinguiehed from the power of meognizing dit.
fereneee of l ight and dnrkne& , 18 thnt 8 11 light en tering
the eye from one point of anobject shall be focused on0110
point of the retina. This, however, would not be of 8 111

1180 had we not the faculty of distinguishing the stima
tionof one pert of the retina from that of another part
This power the visnal epporatns pow in a vmy high

degree ; while with the skinwe cannotdietingniah from one,
two points tonehing it 1088 than 1 mm. inch ) spart, with
our eyes we 08 11 distinguish two points whose retinalm agee
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to wh ite : 01 beginning with g110011 through 118 1 118 1 111111

118 1 1101 8118 1108 of it to black 01 through 11g11t01 8 1111 lighte r
to white : 01 beginning with red we 08 11 by impemeptihie

steps pass to omnge, from that to yellow 8 1111 80 011 to the

01111 of the 8018 1 spectrum : 8 1111 from the violet, through
p 111p10 8 1111 08 1 1111110, 1110may get back again to 1011. B lack
8 1111 white appear to be fundamental 00101 sensatimm mixed
up w ith 1111 the rest : we never imagine 8 00101 hat 8 8 light

01 dark, that is 88 111010 01 1088 1108 1 wh ite 01 black ; 8011
it 18 found that 88 the l ight thrown 011 any given 0010101! 88 1
face W08 k0118 , the 8h8 110 becomes deeper until it passee into
black ; a nd if the 1111111111111t1011 18 111010118011, the 00101

110008 108 “ lighter ” unti l it p8 8808 into white. Of all the

00101 8 01 the spectrum yellow most easily 118-8868 in to white
wi th strong 1111111111111t1011. B lack 8 1111 white , with the gu ys
which 8 10 mixturee 01 the two, thus 800111 11 1 stand spart
from 811 the rest 88 the fundamen tal visual 801188 6008 , 8 1111
the others 810110 8 10 incommon per18 1100 named
It has even been suggested that thepower ofdifierentiating
them insensation has only late been acqnired hy 1118 11.

8 1111 8 certain amount of evidence has been 8 1111110011 from
passages inthe 1118 11 to 11101 0 that the (1100118 111 H011101

’
8

time confueed together 001018 that 8 10very diflereut to meet
modern eyes ; at any rate there 80018 8 to be no doubt that
the 00101 801180canbegreatly improved by practice ; women
whe8e mode of (110%08 0808 them to pay more attention to
the matter, have, 8 8 8 general 1 1110, 8 more 80111000101 801180
than men.

Leaving 8 81110black , white, grey, 8 1111 the various browns
(which 8 10 only dark tints of other we may 01111111»

erate0111 00101 sensationsxm 1011, omogo, yellow, green , 111110,
violet 8 1111 pnrple; between each there 8 10, however, numep

0118 transition 8h8 1108 , 88 yellow-green , blueg reen , etc . , so

that the number wh ich shall have (10118 110 118 11108 given to
them 18 to 8 large ext011t arbitmry. Of the above, 8 11 hat
pnrple 8 10 found in the speetmm given when su nl ight 18
eepm tedby 8 11118111 into its rayeof d1fierent mfrang ihility
rayeofacertainwave- length 01 p01 1011 of oscillation 08 1180111
us the feeling red; others yel low, 8 1111 80 011 ; form venience
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we may speak of these 8 8 1011, yellow, blue, 010 , mw; 8 11
together, in about equal pmpcrtions, they 8 108 80 the 8011

88 6011 of white. A 101118 1 118h10fact 18 that most 00101 feel
inge 08 11 he 8 10118011 inseveral waye. Wh ite, for example,
not only hy the above general mixture, hat 1011 8 1111 111110

g10011 mys, 01 orange 8 1111 111110, 01 310110111 8 1111 violet, taken
together in118 11 8 , 08 1180 the 801188 6 011 of white : such 00101 8
8 10 01111011 complemcntary to 0110 another. The mixtu re
may be 1118 110 111 several ways ; 8 8 , 101 01 8 18 p10, by ceueing
the 1011 8 1111 111110-g10011 parts of the spectrum to 0101 18p, 01

by painting 1011 8 1111 hlue-green sectors 011 8 111811 8 1111

10t116 11g it they cannot be made, however, bymix
1ng pigmen ts, 811100 what happens in such 08808 18 8 very
00mp1ex phenomenon . P81111018 , for emmple, 8 10 800118

tmned to produce green by m ixing blue 8 1111 yellow p8 11118 ,
8 1111 801110may 11011101111011 to 1111101110the statement thatyel
low8 1111 111110when mixed give white. When , however, we
mix the pigmente we do not 00mb1110 the 80118860118 of

the 88 1110 118 1110, which is the matter 111 hand. Blue paint
18 blue b008 1180 it 8b801b8 1111 the mysof the sunl ight except
the blue 8 1111 801110of the green ; yellow 18 yellow because it
811801118 811 but the yellow 8 1111 some of thegreen, 8 1111when
111110 8 1111 yellow 8 10m ixed the blue 8 11801118 all the 11186110
tive part of the yel low 8 11 11 the yellow does the 88 1110 101 the
blue ; 8 11 11 80 only the green 18 left over to reflect l ight to
the eye, 8 1111 the mixture h8 8 that color. Grm green has

110 00111p10111011t111y 00101 in the 8018 1 spectrum ; but with
purple, which 18 made by m ix ing 1011 8 1111 blue, it gives
wh ite. 801 018 1 other 00101 8 takenthree together, give 8 180
the 801188 6011 of wh ite. If then we 08 11 the l ight—raye
111111011 8 108 80 111 us the 801188 6011 1011, a, those giving 118

the 801188 11011 orange 6, yellow c, 8 1111 80 on, we 111111 that we
get the 8011886011 white with a, b, c, d, 8 , f 8 1111g 8 11together ;
01 w ith b 8 1111 8 , 01 w ith 0 8 1111 f, 01 w ith a, d, 8 1111 11; 0111

801188 6011 white has 110 dete rm inate 1018 6011 to ethereal
0801118 60118 of 8 given period, 8 1111 the 88 1110 18 true 101
801018 1 other 00101 8 ; yellow feeling , for example, may be
excited by ethereal 1

111118 60118 01 0110 given wave—length



which when excited 8 10110

always give 118 that feel ing
method of explaining 0111 00101 80118860118
be to 8 88 111110 that for each thexe 016818 111
of nerve—fihves with appropriate terminal

80 1118 11

supposi
1111101011t 01111 organs inthe 106118 ,
to 811pp080 that there 8 10 8 lim ited
1801188 60118 , andthat the rest 8 1011110
That 8 compound 00

from its components when these 8 10

clearly shown by the 801188 6011 wh ite
what we may 08 11 1011 8 1111 blne-gmen, 01
86 1111111 806 113 together ; 01 01yellow due to
1011. To account 101 0111 various 00101 8011

therefore, 888 11 1110 8 much 8 1118 1101 number
88 60118 than the total number of 00101
1101100; 811 08 11 infact
primary 00101 808 886

regarding 8 11 the rest 8 8 due to 8 11116 1108 of these
p10p016011 8 ; there may be more than three , b11t
account for 1111 the phenomena, black being 8

01 p0110110011 when 811 visual 86 1111111 8 10 8h8011t.

known 8 8 Young’

s theory of color

accepted. T
118 18 somewhat

y regarded 8 8 1011, green, 8 8 11
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8 1100181011 8 8 11000101 hlindness cannot be eately 111 111011 111:
by simply showi ng 8 00101 8 1111 8 811111g its 8 8 18 0. The best
p18 8 18 te take 8 1108 11 ol woreted 0f 8 11 tints, ee1eet one,
say 8 1011, 8 8 11 tell the manto put alongside it all those of
the 88 111000101 , whether of 8 lighter 01 8 118 11101 8h8 110; 11

1011 bl ind he will select not only the rede but the greens ,
especially the p8 101 tinte. About 08 0man 111 eight 18 1011
bl ind. The 110100t 18 much 1 8 101 111 women.
Fatiguo of the B etim . The newous V18 118 1 appm tus

18 easi ly tet1gue1t Usually we do not observe this he
08 8 80 its restoration 18 8 180 rapid, 8 1111 111 ordinary 1110 08 1

eyes, when open , 8 10 8 01 01 at rest; we move them 10 8 1111

(10, 80 that parts of the retina receive light alternetely
from brighter 8 1111 118 1 1101 objects 8 1111 8 10alternate ly cx1xi
8 8 11 reste1i . How constant 8 1111 hehitual the movement of
the eyes 18 08 11 he readily observed by trying to fix for a

short time 8 8 18 8 11 spot without deviating the g18 1100; to
110 80 101 even 8 few seconds 18 118 p0881b10 without practice.
If any 818 811 object 18 steadily “ fixed 101 twen ty 01

th irty 80008 d8 it will be found that the whole field of

v ision becomes grayieh 8 8 11 011808 10, because the parts of
the retina 10001v111g most light get fatigued , 8 1111 8 108 80

8 0 more sensation than those 1088 fatigued 8 1111 sümnlated
by light from 1088 illuminated objects. 01 10011 8t08 1111y at
8 black object, say 8 hlot 011 8 white page , 101 twen ty
seconds, 8 8 11 then turn the eye 011 8 wh1te wall ; the letter
wi ll 8008 1 118 111 grey, with 8 white patch 08 1t; a11 efleet

118 0to the greater em itahility of the retinel parte prevm ely
rested by the black , when ecmpered with the 808 88ü08
8 108 8011 elsewhere hy l ight from the white W811 80t111g 08

the previously stimt d parte of the visual 8 8 11800.

All persons will 1008 11 many 18 8t8 11008 of such phenomena,
which 8 10 especial ly noticeable 80011 after rieing 18 the

morning. Similar th ings may be 110t10011 with 00101 8 ; 8 1101
look ing at 8 1011 patch the eye turned 08 8 white W8 I1 8008
8 blue-green patch ; the elemente eeneing 1011 senmtions
having been fat1

'

gned, the white mixed light from the W8 11
now excites on that region of the retina only the other

primary 00101 801181160118. The blending of 001018 80 8 8 to



8 08 108 8 118 0 to this 08 8 80 8 10 known as them 01 880008818 1!

01mlm t. Even in the m e 01 perfect fixation, however,
someth ing 01 the 88 8 18 1118 11 18 8008 ; black 100118 b1801101
8 08 1 white, 8 8 11greengreener 8 08 1 1011 when the eye 118 8 not
moved 18 the 108 8H'

108 1 08 0 to the other. A 818 811 piece of
light grey paper put on 8 sheet 01 1011, wh ich letter 18
then covered aocnrately with 8 sheet of sem i-tmnspm nt
tissue—paper, 88 8 8 18 08 the 00mplemenßry 00101 01 the 1011,
looks b18 18h green ; 8 8 11 grey 08 8 green sheet 8 8 1101

8118 118 1 cireumst1mees looks pink. Such phenomena 8 10

known 8 8 those of simultaneous contract, 8 8 11 8 1001 p18 18 011

08 psychological gronnde by those who weept Young
’s

theory 01 00101 1 18108 . JM 8 8 8 1801118 8 1-818011 18 8 8 100118

short beaide a tdl ene, 80, it 18 88 111, 8 1118011 88 1 1800 100k8

111801101 8 08 1 8 White 08 0, 01 8 grey (elightly 18 18 18 08 8
white) 8111'f800, Wh1011 teem01 01108 1011, g1008 , 8 8 11 violet

808 88 608 8 , 100118 defieient 18 1011 (8 8 11 80 b18 18h green)
8 08 1 8 deeper 1011 88 11800. There 8 10, however, certain
phenomena of 8118 8 1818 008 8 contrastwh ich 08 8 8 0t he 88 1111»
factorily 80 expla1ne11, 8 8 11 theee have 1011 to other theories
01 00101 vision, the most imt of wh ich 18 that 110
8011h011 18 the next paragraph.
H ering ’

e Th eory of V1: ion. Contrastecanhowenw1th



the eyee cloee1i m d eovemd. II W010011 8 short time 81: 8
bright object 8 8 11 thenrapidly 01 018 110 l ight from the eye

,

we 800101 8 moment 8 p08 1
'

11
'

88 after- image 01 the object,
8 window with 118 frame end penee 8 318 8 00at it

and then 010818 3 the eya . 18 them o u Mter- j :

the [night 8 8 11 dark pwü of the object which wea looked et

1018 18 18011 original relatiomhip ; they depend 08 the pereist«
08 0001 106 8 8 101 0t after theW ien 01 the 86 8 18 18 8
8 8 11 usual ly 0008 dimppeer. 11 an object he looked at

stemdily 101 8018 0 6 18 0, say twenty 80008 118 , md the eya 110

theneloeedamgalwe afler—image 18 8008 . Inthis the l ight8
8 8 11 81181108 01 the object 1001101! 8 t 8 10revereed. Frequently
8 positive 111101—1mage heeom negative before dienppa ring.

The negative imagea 8 10 expleine11 commonly hy iatigue;
when the eye 18 0108011 808 10 l ight 86 1108 1018 th rough the
11118 8 8 11 excitee lea these para 0! the 106 8 8 previously
exhausted by prolonged looking at the brighter pnrtn01 the
field of vis ion ; 01 , when 8 11 light 18 rigorously excludd , the

proper 86 18 8 18608 of the visual apparatue mu, ceueing
the 18 104 8111111! light, afleets 1088 the exhausted 1101608 8 , 8 8 8
80 8 negati ve image is produced . If we fix 8t08 1111y 101

thirty seconds 8 point between two wh ite 8q8 8 108 about 4
mm. inch) apert 08 8 large black sheet, md thw 01080

8 8 11 cover 08 1 eyee,weget 8 nega6 vo8 1t01—118 8g018 which 8 10
80011 two 118 1 11 squares 08 8 brighter 88 11800; this 88 11800 18
brighter 01080around the negative afW-imm of each 8118 1110.
8 8 11 brightest of 811 between them. This 18 18 11108 8 1108 1111
8 1y is cal led the cormm, 8 8 11 18 01 1118 18 01! usually 8 8 8 8 eflect

of simultaneousecetrast; the 118 111 after—hnege 01 the equm
it 18 88 111makes 8 8 mentally 01 1 18 judgment 8 8 11 think the
0108 1 8 8 1180001080 to it brighter then elsewhere ; 8 8 6 it 18
brightest between the two 118 11: 8118 8 108 , just 88 8 m iddle
8 11011 18 8 8 between two tell 08 08 100118 shorter than 11 along
8 1d008 0 only. If

, however, the after- image 110 11 8 t it

wi ll oftenbe 8 060011 not only that the light 118 8 11 between
the 8118 8 108 18 intensely white , 18 8 011 more 80then the 8 01 18 8 !
11110-10t111111 l ight, but, 8 8 the image 18 1108 8 11838 , OM the

two 118 111 after-images of the squaresd isappear entizely with
dl 01 the 00108 8 , except that pu t between 61m which 18
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mggeet two of the ebove‚ andmay be deecrihedasmixtnree

of them but they themselvesstand out as fundamenta l color
sensations. Moremrer, it fol low from the above, that more

8 oompcund color eeneatiom
Since redalways emludes green, and yellow blue, wemny
call them anti—oolors (théoomplementury eo]crsof Young?
theory), andare led to a11spect that inthe visual organ there
must occur, in the production of each , proem s which
prevent the simultaneous production of the other, since
there is no a pnon reason in the nature of thinge why
we should not see red and greensimultaneonsly , as well as
red and yellow. Along wi th our color sensatione there is
always some colorleee from the hlack-whi te series; which
we reeognize in speaking of lighter and darker Shadee of

the same color.
Hering assumes, then, in the retina or some part of the

nervousvisual appamtns, three snbetanees am ering to the
hlaek—white, red—gneen, and yel low-hlue sem tional series,
the construction of each substance being attended wi th
one sensationof its pa ir, and its destructionwi th the other.

Thun, whenconstructionof the bh ck—whi te substance ex

coeds destruction, we get a blackish-gray sem ation; when
the processes are equal the neutral grey ; whendeetruetion
exceeds construct ion a light-gray, and 80 ou. In the

other color series sim1lat things would oocnr ; when con
struction of red-green suhetanee exoeeded destruction
inany point of the retina we would get, say, a red feel ing ;
if so, then excess of destructionwould give green sensa

tion. The intensity of any given simple semantionwou ld
depend ou the ratio of the diffefence betweenthe construc
tionanddeetm ctionof the corresponding substance, to the
8 11111 of all the oonstructions and destructions of visual gab.

stances going on in that part of the visual appam t1m. A
little thought will show that this canhardly he reconm

'

led

wi th the resul tsexpressed 111 Fechner’slaw. The intensi ty of
amixed color sensationwould be the sum of the intensitäea
of its factors, and its tint and shade dependent ou the rela
tive pmportim of these factors. When the

°

constm ctioh
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and destm ction of the red—green substance are equal 110
color sensa tion is aroused by it; and we get gray, due to
those simaltm1eoualy ooeurring changes 111 the hlack-white
suhetanoe which are always present, but were pre1 iously
more or la s cloaked by the results of the changes in
the redg reen snbstanee. l ied and green in certain pro
portions cause then 11 whi te or grey sensation, not because
they supplement one another, es 011 Young’s theory, but
because they mutually canoel; and so for other eomple«

Moreover, according to Her ing, deetruetinn of visual
substanoe going 011 in one region of the retina pmmotes
constructionand ecommulationof that substanee elsewhere,
but especially in the neighborhood of the excited spot.
Hence, whena.whi te square 011 11 black ground is looked
at, destruction of the blnek-whi te euhstanoe overhalanoes

construction inthe place 011 which the image of the square
falls, but around this constructionoecurs ina high degree.

Whenthe eyes are ahnt, this letter retinal region, with its
great wcnmulation of decomposahle material , is highly
irritable and, under the interna l stimul i causing the idioo

retinal l ight, breaks down oomparatively fast, causing the
oormu1, wh ich may be intensely lum inous; for with the

closed eye the tota l const ructive and destruct ive proeem
inthe visual apparatus are small , andso the excess of de
struction in the coronal region beats a large ratio to the
811 111 of the whole processes. The student must app ly th is
theory for h imself to the other phenomena of contrasts and
negative images, as also to the gradq disappearnnce of

differences betweenl ight and dark objects whenlooked at
for a time with steady fixation; the general key being the
principle that anything leading to the aocumulation of a

visual suhstanoe inoreases its decomposi tions under stimu

l:1tion, und via vorm . The mainvalue of Hewing’
s theory

is that it attempts to a0001111t physiolog ically for phenomena
previcmsly indefinitely explained psychologiealühy such
terms as

“
errors of judgment, ” which really leave the

whöle matter where it was, since ii (as we must believe)
mind is a functionof brain, the errors 01 judgment hm



to condi tions of thenervoue system.

Visual Peroep tiom . The wm tionawhich light excitu
in118 we interpret 118 indications 01 the existence, 10m , und

poeition of extemal objects. The eonoep tiom which we
arrive at in this way une known as viumlW on.

The full treatment of perceptions belongs to the domaino!

Psychology , but Physiology is comoerned wi th the oondi«
tious under which they are produced.

perceptionot distance is very imperfect, 88 illustnted by
the common trial: of holding a ring suspended by string
short way in front of a person

’

s face, and telling him
to ahnt one eye und pass a tod through the ring. If pen

holder be held erect before one eye, while the other is
closed, andanattempt he made to toueh it wi th a finger

moved across towards it, an error Will nearly alway s
be made. (I! the finger be moved straight out towards the
penit will ho touched because with one eye wecanestimete
directionaccm ately and have only to go 011 moving the
finger inthe proper directionti l l it meets the object. ) In

such cases, however, we get some elne from theamount of
eflort needed to “

acoommodate
”
the eye to see the object

distinctly. Whenwe use both eyee our peroeptionof die
tanoe ismuch better; whenwe look at anobject wi th two
eyes the visual area are converged ou it, and the nearer
the object the greater the eonvergence. We have a pretty
accanto knowledge of thedegree of muscular eflort required
to oonverge the eyes on all tolerannear points. When
objects are farther ofl, their appm nt si ze, and the modifi
cations their retinal 1magesexperience by aérial perspecti ve,
come into help. The relative distance of objects 18 easiest
determined by moving the eyes; all stationary objects then
appear displaced inthe opposi te direction(118 for example
whenwe look out of the window of 11 railway car) and those
newest most rapidly ; from the different apparent rates of

movement wo01111 tell which are farther and nearer. We

andnnconsciously hind up perceptionsof din
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audehove, ito iumge to the inner eiade and helev hl the left

eye cnd to the outer side and belov in the right eye; md

w interpret our eemations. This “ lea st inthe thmry of

othen beliem n hne a eort of intui tion on the subject.

rectna of oee eye, the eufferer at first sees doub le fior the

m e rcasen.

H e gimnohjeet ie loolcedat iineedrawnirom it thmngh
the nodal points reach the tom eenti'ali8 in each eye.

Linee eo drawnat the same time from a more distant ohjeet
diverge lesa andmeet eaeh retina 011 the inner side of its

£ovea; hat 118 ahove pcinted out the corresponding points
for each refinal regiononthe inside of the left eye, m on
the outaide of the right, andm

'

ce versm Henee the mm

cause the more diverging l ines draw from it through the
m dal points lie outside of the [oma in each eye. Most
people go through life nnobeervant of th is fact ; we only
pay attentionto what we are looking at, andnearly always
thinmakes its imeges on the two tovem. That the faet is

88 above stated may , however, be readi observed. Hold
one finger short way fmm the face and the other httie

further ofl; looking at one, obeewe the otherwithoutmoving
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the eyes;
'

it will be seendouble. For any givenposi tionof
the eyes there is surface in space, all objects onwhich
produce images ou oormsp wding points of the two retinas:
this surface is called the horopter for that posi tionof the
eyes : all objects init are seensing le; all others inthe visual
field, double.

The Pereep tion of Soli di ty . When a solid object is
looked at the two retinal images are difl

’

erent. II 11 trun

cated pyramid he held infront of one eye its image wi ll be
that represented at P, Fig. 142 . If, however, it be held
midway between the eyes, and looked at with both, then
the left—eye image will be that in the m iddle of the
figure, and the right-eye image that to the right. The

small surface, bdca , in one answers to the large surface,
ö

'

d
'

c
'

a
'

, in the othér. This may be readily observed hy

Flo . 142

holding a small cube infront of the face andal ternate
look ing at it w ith each eye. In such cases, then, the
retinal imagesdo not correspond. and yet we combine them
80 88 to see one solid object. This is knownas stereoecop ic

vision, and the illm ionof the common stereoscope depende
on it. Two photographs are taken of the same object
from two different points of view, one as it appears when
seen by the left, and the other when looked at with the
right eye. These are thenmounted for the stereoecope so

that each is seenby its proper eye, and the m ne 01° object
is seen in distinct rel ief, as if, instead of flat pictures,
solid objects were looked at. Of course in many stereo
800pi0 views thedistributionof light and ehade, etc. , assist,
ha t these are qui te nnem ntial, as may be readi observed
hy enlarging the middle and right outl ine drawings of Fig .
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1111 upper or M J, which oa.rriee ou ils i1mer

eide an11rttculzr enrfaee for the incus; helow the hwd is

consfl iction, thenoch, andbelow this two processes complete
the bone; one. the Zeug 01° elevuk r proeeee, is imbedded in
ligament which reachee from it to the front wal l of the
tympanum ; the other prooees, the handle, reaches down
between the maeons membrane l ining the inside of t he

drum memhrane and the

memhmee pmper‚ eed ie

firmly to the let
ter its eentee eeä

keepe t h e m em b r ane
dmgged in there se as to
give it its pecul iar eoneem
tom , es i mm theentu

wie. The ineeehu hedy

Illt lik moin (Ä !

with two lange. Oh ite

body ißenarticuler hol low
to reeeive the head of the
mallem ; its short 1

(Jö) ieattaohedhy n ‚191. 111

to the back wall of the tym
(JÖ ifs 1 i

1penum ; the long 1

etapa ; onthe tip Of this 17 ia a, li ttle kaoh whigh
1 11 11 bone (oserbiculare)‚ life. The

stepee (S ) ie extremely like eh
'

m ;1‚ ehditehwe (the foot
piece of the etirm p) fite into the oval fommen, to the mer
g i11 of wh ich its edge ie uni ted hy a fihmue memhmee‚

al lowing of a l i ttle play inand out.
From the posterior eide of the neek of the mailene 11

l igament to the bwk wall of the tympen1 n*

with the liga -1 1 t imbedding the elonda P w

to the k ont wel l ot the tympenum, femm e eu ent «

terior (m ia! l1
'

gamenl , 011 whieh t he mai len elightly
rotate, so t hat the t 19 he pnehed inand the h%ä
out and vice If 11 pinhe dri t en through Fig. 114

just below the ne0k of the melleee end 1 1 1 to the



paper it wi ll very fairly represent this nie of rotah
'

on.

Connected with the malleus is 8 tiny muscle, called the

in and tightene the drum

and when it eontmete fixee

range of moment inand out

The Internsl Eur. The lahyri

chamhem and tubes hol lowed out i
inclosed hy it ou 8 11 eidee, except for the

smaller, 80 that betw
with 8 watery fluid, cal led the peri lymplt; and

branous internal car is filledby 8 sim i lar l iqu id,

The Bony Iabyzinth . The hony labyrinth is
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WO11 11 11 two 8 1111 8 half times (from left to rig ht in the right
eat 8 1111 0108 m m ) 8 108 1111 8 central 1101137111118 , themedialen.
From the 8 r ia aaheli ‚ the lam1

‘

na spimh
‘

e, projectsend par
tiafly subdivides the tnhe, extending farthest 801088 in its
lower 00118. Attached to the outer end 0! this hony
plate 18 the membranous cochlea (male M io), 8 tube
trim gnhxr in croem cfion 8 1111 attached by its M a te
the outer side of the ho11y eoehlear epiml. The 8pit 81

18 1111118 und the memhranous cochlea thus subdiv ide the
cavi ty of the ho11y tube (Fig. 147) into an upper portim1 .
the 608 14 0881168 11, S V, 8 8 11 8 lower, the 888 18 W , S T.

Betweenthese 116 the 18 1111118 8p i1
'

8 118 (ha) und the mem

F10. 142.

hranous eoehlea the letter being bom1ded above by
the memhmne of Reiss11er (H) 8 1111 below by the h8 8 i1111

°

membrane (b). The inner edge of the lem ine spiral is “
is

thickened 8 1111 covered wi th eonnective tieeue which is hol .
lowed out 80 8 8 to form 8 8pi1°8 1 groove (the m leus ep iralis,
88 ) along the whole length of the memhmmous cochlea.

The letter does not extend to the tip of the h011y coch lea ;
above its apex the scale vestibul i 8 1111 8118 18 tympani com
municate ; both are filledw ith peri lymph , 8 1111 the former

cmmnunieates below with the perilymph oevity of the VBS
tihnle, while the 808 18 tympani ahuts below on the round
form en, wh wh, 8 8 has already been pointed out, is closed
by 8 membrane. The membranous cochlea contains 0er
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forming the of Cart the rest of its cavi ty 18 filled

Lining the 811113118 811118118 are cnhoi

118 1 cells; ou the 111118 1° edg
e
of the h8 8 118 1° membrane they

become 801m w , m d 1 areW ed by 8 row which
ba r 011 their ende 8 ef short stifl heim, 8 1111 con

whi8h are fixed below by 8

nm w apex to the membrane nerve»fihres eh ter

them. To the inner

Ni c!
mmd 8 .

(00, Fig. wh ich are 1 highly muguified 111
F18 . 1418. 1 are eti&8 8 11 1 geä 81110by ä .de

two rowe, 1%ned .°i 08 8 m other by their upper 8 8 68

the MM und w ttr rede, the 1
f

.g new er the

M ina sp imüe.

°

1 1 I‘0d hü somewh8 t dllfltßd m ,

f11m fixed to the hmilar memhmne; 8 8 expandeä head
where it m imfellew (the inner r011 p i; ting there 8

eoneefl ty into which the mm ded. of the outer flte) ;
8 1111 8 dwder uniting theWO, elight1y 81118 786 like 8 8
itelie S . The inner rode m mere elendm and more

numemus thanthe
outer, the11°eumbeee being 8h01

1t
1rz
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F ig. which is stifi andperfontedby holea. External
to the outer tod: come four rows of outer hair -colh , con

nected like the inner rowv ith newe
fibres; their hristlee project into the

holesof thereticularmembmne. De

yond the outer hair-celln18 ordinary
oolumnar epithelium, which pu es

gmd1mlly into cuboidal cells lining
most of the membranom cochlea.

The upper lip of the snlcns spiral is
is mwovemd hy epithelium , and 15

known 8 8 the Iimlms Iaminay cp s
'

»

ralis; from it projects the lectonal
membrane(t, Fig. 147) which extends
over the rcds of Corti 8 8 11 the 118 1:

eemicircnlar 08 1181, und, perfomting
itswall , enter the epithel ium lining
it which is there several layera thiek
(Fig. Some of the cel ls (ap )
m fm ilmm and have large nuclei ; 11
Blender owternal process m us fmm

each to the cavi ty of the ampulla 8 1111
isthenwutinuedae dender stifl hair
(Ic) , which projects into the ende
lymph. The deeper ende of these
cel ls have beendescribed 8 8 join ing
the terminal branches of nerve
fibres, so that

as end organs. In the ulr1
'

cle and

similar structures; but collecte<l

m inute (38 108 1110118 particles, the ear-elma 01
°

8 8 sensations, fall into two groups—notes
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fi brational rate ahout 40 per neeond are not well heard,
8 1111 8 li ttle below this become inaudible. The highest
note need in orcheatrae is the d' of the fifth aecenM
octave, produced by the piccolo Hate, due to 4752 vib1 1v
ti ons in8 second ; 8 1111 the lowest-pitched is the E„ of the
eo11t1a octave, produced by thedouble bass. Modem grand
pianos und0138 8 8 go down to O„ in the eontra octave (33
Vibratione per second) or evenA„ but the musical
q1mlity of such notes is imperfect ; they produce rather 8
“ hm than 8 true tone eeneation, and are only used
along with notes of higher octaves to which they give 8

character of greater depth.

Penduh r V ibration . Since the 111111111888 of 8 tone de
pends onthe vibrational amplitude of its physical anteceo

dent, and its pi tch on the vibrational rate, we have still
to seek the cause of timbre; the qual i ty by which we recog
nize the humanvoice, the viol in, the piano, 8 1111 the flute,
even when 811 80111111 the same note 8 1111 of the same
loudness. The only quali ty of periodic vibrations left to
account for this, is what we may call 1011w Think of
the movement of 8 pendulum ; starting slowly from its

highest point, it sweepe fester and fester to its loweet, and
thenslowe1 8 1111 slowe1 to i ts highest point 011 the opposi te
side; andthenrepeat11 the movemente in the reverse direc
tion. Graphically we may represent such vihm tions by the
outer eontinuons em ed line in Fig. 150. Suppose the
lower end of the pendulum to hear 8 wri ting point which
marked 011 8 sheet of paper traveling down 11111101m
behind it, andat euch 8 rate 8 8 to travel the distance 0—1
in two seconds. If the pendulum were at rest the straight
vertical line would be drawn. But if the pendulum W8 11:

swinging we would get 8 curved line, eomponnded of the
vertical movement of the paper and the to—and-fremove
ment of the pendulum , writing sometimes on one side
of the line 0- 1- 2 8 1111 sometimes on the other. Starting
at 8 moment whenthe pendulum emeses the m iddle, 0, we
would get described the curve0a

'
a
'

, at first separating £8 8 t
from the vertical line, then slawe1‚ then returning‚ at first
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gmdnally then faster, until it met the vertical again , at the
end01 1” 8 1111 commenced 8 11 exactly 81111118 1 excursiononits
other side, at the end of which it would be back at 1 ,

111111 injust the same posi tion, 8 1111 ready to repeat exactly
the swing, wi th which we 00mmenoed. A pendulum
thus executes simi lar movements inequal
periods of time, or its vibm tions 8 10

poriod1
'

c. A 11111 swing ou each side of
the posi tionof rest eonstitutee 8 complete
Vibration, so the vibrational period of 8
eecond’

e pendulum is two 800011118 : at the
end of that time it 18 precisely where it
was two 800011118 before, 8 1111 moving in
the 88 1110direction8 8 11 at the same 18 18 .

It 18 0108 1 that hy exam ining euch 8 cm
we 00111d tell exactly how the pendulum
moved , 8 1111 8180 inwhat period ifwe knew
the 18 10M which the paper ou which its
point wrote was moving. The vertical
l ine 0- 1—2 in01111011 the absc1

'

ssa; per

pendicnlm dmwn from it 8 1111 meet ing
the 08 1-ve are ordinatn: eg11a1l lengths on

the 8 11801888 10t eq11111 times; where
8 11 01111

'

m te from 8 given point 01 the
abscissameets the anne, there thewri ting
point was at that moment ; where 8110008
8ive ordinates 1110108 8001 1100108 80 rapidly
the pendulum moved fast 110111 01 towards
its positionof met, 8 1111 vice vorm . Simi
18 11y, any other periodicmovementmay be
perfectly 10pmsentedhy curves; 8 1111 since
the form of the curve tells 118 8 11about the
movement, it 18 oommentospeak01 the form ofavibration,
meaning the form of the curve which indicates its chamb
ters. Periodic vibrations l ike those inFig . 150, where the
ordinates at first grow fast , thenmore slowly, thendimin
iah slowly 8 1111 then fuster, 8 1111 represented by 8 symme.

t110111 0111 10 ou one side the 8 11801888 , which is repu ted
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exactly ou the other side of the 8110011188 , 8 10 known 8 8

pendeln vibrations.
The Oom poetttonof Vibmfi om The v1hxatiom 01 11

080011d
’

8 pemdulum set the 8 11 -p8 1ü0108 111 0011111011 wi th 11
111 8111111111 8 10108 108 1, but the 80118 1 118 708 88 000011 one

another too slowly to prodnee 111 118 the 88118 86011 08 8

111 118108 1 note. If 101 the pendulum we subst1tnte 8 tuning
fork (the prongs 01 which move in 8 li ke way) , und the
101 11 vibrates 132 times per 1

' then132 80118 1waves Wi ll fall
onthe tympanic membrane inthat time, 8 11 11we will hear
the note 0 of the unweent0d octave. If the 18 1-ger 0011

»

tinuous 08 1 170 inFig. 150represent the 801181 vibratiom 111

thüease, the distanee D to l 011 the aheeissa will represent
1 11 of 8 second. Let, simulta1wously , the 811 he set in

movement by e fork of thenext higher octave, making
264v ibrationsper 1

"
under the influence of this 80001111 10111

810110, the 801181 partieleewould move 88 represented by the
0111 1011 l ine, the waves being hell es long

and cutt ing the 8b801888 twiee 8 8 often. But when both
forks act together theaörial movement wi ll be the 81g0111 1110
sum of themovements 11110to each 10111 ; whenboth dr ive the
8 11 0110way they will 1011110100 one another, 8 1111 vice wmo;
the resul t will be the movement represenM by the 11o

1180, which issti ll 1101101110, repe11ting itsel f at 00118 1111t01 1 818
of time, hat no longer pendular , 811100 it 18 not 811110 onthe
m nding 8 1111 descending 11mhe of the 0111 1108. We thus
get at the fact that non-pendular vihmtions may be pro
d110e1i by the fusion of pendular, 01 , intechnical phrase, by
their composi tion.

Suppose several musi cal instruments, 8 8 those of 8 11 01
chestre‚ to be munded together. Each pm111100: its own
effect on the 811-p8fl 10108 , whose m ements, being the
algebraical 8 11 111 of these due to 8 11, must at any given111
stant be very complex ; yet the 08 1 08 11 111011 011t at will and
follow the tones of any one instrument. From the 00m
plex 801 18 1movement it 08 11 select that f1801:1011 of it which
one vibrating body p10d8 008 . The 8 11 in the external
audi tory meatus at any given moment 08 11 only be in

3 110 state 01 1 8 10180151011 01 condeusation 8 8 11 at 0110 rate
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t10118 aimph 101188 ; 8 1111we, consequently‚ 1000g111@0111 11111811:
t01108 which are M ple (such 8 8 those of tuning—forks) 8 1111
those which are 00mp01111d; these latter 8 18 non- pendular
inform.

We find, then, that the 101111 01 801181 vihratione deter
m ines 111 0111 801188 110118 the 000111 10110001 11m1—000111101100
01 upper partial tones. It 8180, 8 8 we have seen, deter
minee the quali ty 01 timbro 01 the t0110, 811100 1 1111 8 110118 1

ampl i tude 8 1111 rate 8 18 otherwise 80001111 1011 101 in 801188

t1011 hy 101111110811 8 1111 pi tch .

It 08 8 110 proved, by the employment 01 the h igher
mathematies, that every p01101110 11011—p011111118 1 movement
08 11 he analyzed (88 the 1lo curve 01 Fig. 150may be)
into 8 givennumber 01 pendular vibmtions, that is, every
00111po11 1111 vibration into 8 eet 01 simple 01108 ; 8 1111 that
every p01101110no11-p01111111111 vibration08 11 be made by the
combinationof pendular. Mom ver, any given00mp0111111
v ibration08 11 he analyzed into hat 0110 set of simple 01108 ;

nootherwmbinationwi l l p10111100it. Consequently 8 1 1111 1»
tional movement of the 8 11 111 the external auditory passage,
producing 8 00mp011 1111 musical tone 801188 6011, 08 11 be 01

hibited always, but only 111 one way, 1111 the 811111 01 8 1111111

ber 01 simple vihmtions, whose rates 8 10mul tiples 01 M
which determinee the piteh 01 the tone.

NOW when the 11 8 111011 08 1 l istens to 8 bone wi th the
object 01 detecting upper partiale 11 preeent, it hears them
only when the v ibrations 8 10 11011-pen11111111 (118 . when
theoretical ly they ought to be present), 8 1111 those it 1108 18
8 10 exactly those demanded by theory. By the help of

certain instruments their detection 18 108 110 easy even to
the untrained 08 1 . But 111 ordinery 0110111118 18 11008 we do
not head secondary partie] tones ; we hear 8 note 01 the

pit0h 01 the primary partial 8 1111 01 8 certain t1mbre; 8 1111
whenever the upper partials present 8 10 diflerent, 01 of

different relative intensi ties, the timbre 01 the note V8 1188.

Henee it becomes probable that, just 8 8 the 08 1 08 11 at w i l l
fO1IOWany instmment 111 8 11 orcheetm‚ analyzing the 80118 1
movement 80 8 8 to select 8 1111 follow the h action 01 the

whole due to that 08 8 , so it 01111 8 1111 11008 analym compound
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tonenwhenproceeding 110111 0110 1118121 11m 8 1111 that the
upper partials, not rising into 0011801011811088 8 8 definite

101108 ha t present 88 1111111111011 801188 110118 , give its char
act01 to the whole tone 8 1111 determine its timbre. It

might be, however, that the composi tion of nom—pendular
vibrations 110111 1101111111111 118 8 8 18 010 mathematical fiction,
having 110 108 1 existenee 111 nature; before 110 08 11 accept
the 811010 01 1118 8 8 11011 01 timbre, we must 800 11 them 18
any evidence that, 8 8 8 matter 01 fact, 11011-p011111118 1 vihn
tions, not onlymay be, hat 8 10madeup by the combination
of pendular.

Sympatheti c B eoommoe. Imagine eligl1t tape to be

givento 8 pendulum ; 11 these he repeated at euch intervals
01 time 8 8 to always help the swing 8 1111 never to retard it,
the pendulum will 80011 he set inpowerful movement. 11

the tape 8 1011 1031118 1 , 01 wh011 regular 001110at 811011 111t01n ls
8 8 sometimes to promote 8 1111 sometimes 10t11111 the move
ment, 110 great sw ing W111 be produced ; hat 11 they always
push the pend11111111 111 the way it is going at that instant,
they need not come every swing 111 011101 to set up 8 power»
1111 vibration; 01100 in two, three, 01 10111 swings will 110.

A stretched string, euch 8 8 that 01 8 piano, 18 111 8018 1 111108
given 110111111111 111 that it tends to v1bmte at 0110 rate 8 1111

110 other; 11 80118 1wavesh1t it 8 1 exactly the right times
they 80011 set it inaufliciently 1101101111] vihratione to 08 1180

it to et11it 8 11 8 111111110 note. By using euch stringe we
might hope to detect the 80p8 18 10 pendular vibrat1mw 111

any nonpendular 80118 1 periodic movement 11 auch really
011181011; certainstrings would p10k out the pendular 00m
p011011t 8g1001113 111 rate with their 011 11 1 11118 110118 1 period
111111 be 80011 set in powerful movement ; while thoee not
vibrating inthe 88 1110 period 8 8 any of the pendular 00111p0.

1101118 , would 101118 111 practicdly at rest, like the pendulum
getting tapewhich someh

'

11108 helped 8 1111 sometimesimpeded
118 ewing. If the 118 111p018 01 8 piano be 18 18011 8 1111 8 11010

110 sung to it, it wi l l be found that several strings 810set in
v ibration, such vibmtione being called sympath dic. The

humanvoice emi ts 00mp0111111 tones which 08 11 he mühe
matieally analyze1l into simple vibrations, and 11 the piano
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atringneet in movement hy it he enmined‚ they will be
found to be exactly those which ammer to these pena
vibrations and to no others. We thus experimental

up of a number of simple vi
justificationfor the mppositionthutme the
andyzed into its pendular wmponw h ; and thedifier«

enee otm mtionwhich we cal l timhre i>3 due ho the d a t of

the secondary partie! tones thus perceived. I! so, th
e

eat must hsve in it an apparstnnadapted fer

It may be asked why, if the em

th is way, do we not eommonly perceive it?

eq >lanation 18 more myehological than phymolognml md
belonge to the m e series as the why we do not
ord inari notice the bl ind spot inthe eye, m' the double
nes of objects ont of the hompter, or the duplicüy of

stere0w0pic imagee. We only use our sen in daily life
whenthey cantel l us someth ing that may be useful to us,

andwe neglect so habitual ly all whwh would be
useleee or eonfusing, that at last it needs attentien
to obeefl e them at all. The way inwhich tom are com

binod to give timbre to note is a matter of no importance
inthe daily use of them, nnd so we fail ent ire to

the eompmnenta and note only the resultant, unti l we make
w efnl and scientific examinaticm of our

stretched memhrane, such as drum—heed , he etrach, it w il l
be thrown into perimlie vibration m demit fer time 5 note
of a determined pitch . The smaller the memhmnewud
tighter it is stretched the h igher the piteh of its note ; em
stretched membrane thus has rate of its own at which it

alternating waves of aerial eondensationandmmfactionwi l l
move it; and irthe Waves succeed at the vibmä onnl mhe ai

thememhm e the latter wil l be set inp c rfu] sympelkm
'

o
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ehiefly water, andpractically inoompreeaihle, the end of the
stapes could not work inand out at the oval foramen, were
the labyrinth elsewhere complete ly eurrounded hy bone:
but the membrane covering the round forum bulgea out

when the base of the etapee is puehed ih , und via w m ,

and eo allows of wavee being set up in the labyrinthiel iqu ida. These eorrespond 111 period and form to those in
the auditory meatus ; their amplitude is determined by the
exte11t of the vibrations of the drnm-memhrane.

The form of the tympm ic membrane causes it to trans
mit to its centre, where the mallens is attached, vihratiom
of its lateral parte indiminished ampl itude but inmeaeed
power ; so that the tympanic bones are pushed only a little
way hat with considerahle force. Its area, too, is about
twenty times as great as that of the oval fm men, so that
force collected on the larger area is, by pnshing the tym

panic bones, all eonoentrated on the smaller. The oesielee
also form heut lever (Fig. 144) 01 which the fulcrum ieat
the axial l igament and the eflective outer arm of this lever
is about halt as long againas the inner, and so the m ove
mente transmitted by the drum-membrane to the handle d
the malleus are communid with diminished range

, but

increased power, to the base of the stapes.
Ordinari sound-waves reach the labyrinth in th is way

through the tympanum , but they may also be trm gmitted

through the henee of the head in general if the handle of
vihrati11g tuning-fork be plaeedon the vertex , for exam

ample. Such sounds seem to have their origininthe head
itself. Similarly, when a vibrating body is held between
the teeth, sound maches the end organe of the auditory
nerve through the skul l—bones ; and persons who are dee!

from disease or injury of the tympanum can thus be made
to hear, as with the audiphono. Oi course ii deafness he
due to d isease of the proper nervous auditory appm tua no
device canmake the person hear.
Functionof the Ooehlee . We have already seen reason

to believe that 111 the ear there 18 anappamtm adapter! for
aympath0tic reem1anoe, hy which we recogn ize dißerent
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musical tone-eolors; the m inute structure of the ma nhra»
nom eochlea is snch aßto leadne to look for it flmm. Ah

old view m that the rede of Corti, which very in length ,
were l ike so many piano-etrings, each tending to vihrate at

a given rote und pick ing out and renponding to pende ln
aérial vibrations of its own period, and exciting a nem

which gave rise to a particular tone sensation. When the
labyrinthio fluids were set innon«

pendular vibrations, the
rad: 01 Oorti were thought to analyze these into their pendu
lar components, all rede of the vibrational rate of these he
ing set insympathetic movement, but that redmost whose
period was that of the primary partie] tm1e; th is would
determine the pitch of the note, and the lew marked sen

sations due to the others afiected would give it its timhre.

The rede, however, do not difl
'

er in size entfieiently to

account for the range of notes which we hear, and theym
abeent in hirds, wh ich undoubtedly distinguish d ifferent
musical notes ; and the nerve-fihres of the eoehlea are not
connected with them but with the hair-cel ls.
Onthe whole it seems probable that the hasi lar mem

hrane is to be looked upon as the primary arrangement for
sympathetic reeonance in the car. It increases in breadth
twelve times from the base of the cochlea to its tip (the
less width of the lam ina spiral is at the apex more than
compensating for the less size of the hony tuhe there)
andis stretched tight across, hut loosely inthe other direc
tion . A membrane so etretehed behaves as a set of eepante
strings placed side by side, somewhat as those of a harp
but much closer together ; and each string would vibrate at
its own period w ithout influeneing much those oneach side
of it. Probably, then , each tranevem hand vihmtee tosim
pie tonee of its own period , and exci tes the hair-eel ls which
lie onit, and through them the nerve—flhres. Pierhape the

rede of Oorti, being stifl’

, and carrying the reticular mem
hmne, m b that against the upper endeof the hair-cells which
project into its apertures and so help in 11 subsidiary way,
each pair of rede being especially moved when the hand 01
haeilar memhrane carrying it is set invibration. The tec
torial memhrane is probe n M per,

”
it is soft and



inehwtic, and impprm ee the vihntions as soon as the mov
ing force eeeeee.
Function of the Veetibule and M 1tcircnlu Oanale.

Many neieesare merely apoiledmusic ; theym due to tmms
80 combined 118 not to give rise to periodie vihratione; these
are probat heard by the cochlea. If a single v iole11t
air-wave ever eanse sound sensation (wh ich ia (1011!) t

since any violent push of 8 11 elastic mhetanee, such se the
air, wi l l eanee it to make 8eveml rebounds before coming to
rest) we perhnpehen it by the veetihule; the otoli the, there
in contact with the auditory heim, are imbedded in a

tenacious gnmmy 1118 88 quite distinct from the proper
endolymph , and are not adapter! for executing regular
vibrations, but they might yield to 8 single powerful impulse
and transm it it to the hair - eells, and through them
stimu late the nerves. There is reason to believe that the “

semicircular canals have noth ing to do with hearing; their
suppoeed function is described inChapter X X X V.

Auditory Peroeptionn. Sounds, es 11 general rule
,
do

not 8cem to 118 to originate within the auditory appnatus;

we reter them to anexternal sou rce, and to a certain extent
canjudge the distance and directionof this. A8 al ready
mentioned , theextrineie reference of sounds which reach the
hhyrinth through the general skull henee in8 teadofthrough
the tympan ie chain i8 imperfect 01° ahoent. The mcogni
tion of the distance of soundh1g body 18 possible only when
the sound i8 well known , and then not very aceurately ; from
its faintness or loudness we may make in some cases a
pretty good gue88. Judgments 88 to the direction of 11

sound are also l iable to he groeely wrong, 88 most persons
have experienced. However, when a mund is heard landet
hy the left than the right eat we oan recognize that its
eouree is onthe left; when eqnfl ly with both cars, that it is
straight infront or hehind; andso on. The concha haeper
hupa something to do with enaa g 118 to detect whether
a. sound originatesbefore or beh ind the car, since it 001l
and te rmswith more intensity into the external aud itory
meatus, sound-waves com ing from the front. By tu rning
the head andnoting the m ommnying changea ah em tion
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CHAPTER X XX IV .

TOUCII. THE TEMPERATURE SENSE, THE

MUSCULAR SENSE, COMMON SENSA
TION, SMELL, AND TASTE.

skin-nm ee end in connection w ith hair—bnlbs; the fine
heim over meet of the eutaneous surface, projecting from
the skin, tmnemit any movement impressed onthem, w ith

fihres at their fixed ends. In
many animals, 118 cute, large ,

118 penetrating he
tween epidtsrmic cel ls and

ending there without te rm i

ately bena th the skinseveral
peculiar ferme ef newe end
organ8 have been de
mrihed; the

y are known 118

(1) P(36378101!

181. -A M uh n oorm o. oorpm clas; (3) Tactile oor

pu lbs.

The Pacinianooqmscles(Fig. 151 ) lie m the sahentane

0118 tim e of the hand and foot, and about the knee-joint ;
hat 11180 away from the skin011 hmmcha oi solar plexus
(p . 80 that it is doubtful if they are teueh-orgune.
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They m oval , from to mm. («f, to inch ) long,
hy about half that width , and have 11 whitish trunalueent
appeeranee, with a more opoque centre. When magnified
each is found to eonaiet of 11 core, sum unded hy many
eonee11trie capsules, b. A nerve—fibre, a, enters at one end,
and its ax is cylinder , 11 1118 along the core to the other,
where it terminates inone 01° twa little 11110118, ar 11 number
of fine branchee
The tad1'la m ueclee lie in pepillm of the dermie, and

are on! and ut 1 mm. inch) in length . They
wit emveloped by a connective-ti8sl16 cap

M I

more nerve-fihree go to eorpueele and appw to end
inplates lying between weh of the eegmente of ee1e

Tactile eorpneclm are humemna in the eh e of the hn d

endfoot, but wemm elmwheee. Thi8 l imited distribution
over the 811rfew mi l iM d against the belief that they
tectile end ow he; but it hae late lyM e ftmnd eimpier

bodiu , the M ch-eelés‚ of the same essential M etme he t

reeeiving only one nerve-fihre m h, m distribuM ei]

the skin; the more plez, end probet mm ieritahle,
term being fenndwh the epüermie i8 ially thiek.
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indismeter. Eneh oonmets oi a wre, v ith neonnechw

t1m e espsule, to wh1eh two m three nerw fihe& r un, the

one or two regions ef the alrin‚ ae that 011 the red pa t af
the lip8 , in the conjunctim , and the 1111100118 mombu m

Touch , cx the Prewure Sense. Through the Bkin we

get several kinds of sensation ; touch proper, heat andeeid,
and pain; andwe canwith more or lem acc11racy localize
them on the surface of the Body. The intee of the

month pomem 11180 these eeneihilities. Through touch
pmper we recogflm pressure or tractiam exerted on the

8ki11, and the for0e of the pmeazure; the wi tness or hard»

11e88 , 1
‘
onghneee er 8111t 01 the body predue ing it;

and the form of this, whennot too large to & felt all m en

In the latter cm e, as whenn nmve the hand om an

object to study ite ehape, mueeulu sensatiom are com

bined wi th proper tactile, and such a combination 01 the
two sensations is frequent moreover, we ramly touch any

.

thing without at the same time getting temperature sen

em lutionpoint of view, touch 18 probably thefirat di stinctly
differentiated sensaticm, and this primm pomtion it still
largely holds in our mental life ; We mainly th—mk of the

things about 118 es objects wh ich would give 118 certai n tae
üle sensatione if we were in contact with them. Though
the eye tells 118 much quicker, and at greater range, what
are the shapes of objects and whether they are smooth ,
rough , and 80 on, our real eeneeptions of round andsqunre
and rongh bodie8 are derived through touch, andwe trem
late nneonseionsly the teachings of the eye into mental
terms of the tactile eense. A person who saw but had no
touch—seme would conceive solid ohjeots vewy difleremtly
from the rest of mank ind .

of the sk in; it is greatest on the forehead; templm m d
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bl unted pointa of a peir ef eompemee) in order that they
may be felt 118 two. The 10110w111g table 111118t1'11ü'8 some
of the diflerences chm od
Tcmgue ttp . mm . inch)

(.08 1110h)
4.41n111. (. 18 1n011)

Tip of now 11 6 111111. (1 21 111011)
Bwk odsw md phulnox ol flnga (.44 ittah)

Back of hand (1 .23 111011ea)
mm. (1.58 1110he11)

44.0111m. (1 .76 111011e1)
Back ol neck

66 0111111. (2.64111e11u )

The local izing power 18 a l ittle more amate eeroes the long
axis of 11 111111) than init; and 18 better when the pressure
is only strm1g enough

tion; than when it 18 more pam
fu]; it 18 11180 ve1y reedi ly and

rapidly improvable hy practice.
It m ight be thought that thi8

localizing power depended di rectly
011 nm e distribution ; that each
toneh-nerve had eonnectiuh with
11 special hra

'

ur eentre 011 the 0110

hand (the excitatiom of which
caused 11 sensation With 11 (theme.

teri8tio local sign), and atthe other
endwas d istributed over 081ü1111

Sk ill area, and that the large? th is
area the farther apert might two

points he and stil l give rise to only one eeneat1m1. If th is
were se, however, the periphem l tactile areas (each being
determined by the m tomical distribution of 11 nerve—fihre)
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must have definite unehangeehle 11111118 , which experiment
shows that they do not p0888 88. 811pp088 the 818 8 11 8 188 8 111

Fig. 153 to each reprm nt 8 peripheral 8 18 8 of newe distribu
tion . I! 1111t 0 points 111 c were touched we would accord
ing to the theory get hat 8 8111g18 8811886011 ; but ii ,

_

while

the00111118 8 1! points remained the 88 1118 distance apart‚ 01 were
even approximete<1‚ one were 1118 8 811 111 1: and the other 011 8
contiguous area, two fihreewould be stimulated andwe011ght
to get two sensations; hat euch 18 not the 88 88 ; ou the 88 1110
skinregion the points must be always the same d istance
spart, no matter how they he shifted, inorder to give rise
to two just distiuguhhuhle 88 1188 L10118

It 18 pmbahle th8 t the nerve 8 18 8 8 8 18 much smaller than
the tactile ; and that several unstimulated must h1tervene
between the excited, inorder to produce wh ich
8118 11 he distinct. If we suppose twelve unexcited nem
8 188 8 must intervene, then , 111 Fig. 153 , a 8 1111 b will be just
011 the limits of 8 single tacti le area; and 110 matter how
the points 8 18 moved , so long 8 8 eleve11 , or fewer, unexcited
8 1 8 8 8 001118 between, we would get 8 eingle tactile 8811885011 ;
inthis way we 08 11 8 1 1118 111 the fact that tactile 8 188 8 have
no fixed h01111d8 1188 inthe skin, dthough the nerve distri
hutien 111 part must be constan t. We 8 180 888 why the
back 0! 8 1111118 18 111 011 the surface 08 8 888 8 mntinuous

l inear 801188 t1011, although it tonehes many distinct nerve
8 1 88 8 ; if we could discrim inate the excitations of each of
them from that of its immediate neighbors we would get
the sensation of 8 88 1188 of points teaching 118 , 0118 for each
nerve region excited ; hat in the 8h88h08 01 intervening
unexcited nerve 8 1 88 8 the 88 8 88 60118 8 18 18 88 11 together.
The ultimate diflerentiationof tacti le 8 1 888 takeaplace in

the central 013 8 118 , 88 wi ll be more fully pointed out inthe
next chapter. Aflerent nerve 1111p11188 8 reaching the 8p

'

1118 1

00111 from 8 fingep tip enter the grey matter and tend
to rad iate some way in it ; from the grey region through
which they 81118 8 11, 1111pt11888 are eent 011 to peroeptive

tactile centres inthe brain; if two 811111—p0111t8 8 18 80 01088

that their mgions of irmdiation inthe ca rd overlap, then
the two poin ts touched cannot be discriminated 111 0011



662 ma 11m meap 1t

more pov ee
'ful the stimulus the aédw the hmä aüenh

power. The mare ottenanimpulne hn h t%led, % mfl e

does it tend to keep iü own proper fl aet thpongh the gmy
metter of üe ccrd, nnd get on to itn o1111 proper hraih

centre alone , hw ee the 111c of tactile d
‘

meriminathm

w1a1 pnetiee, forwe eannoteuppoae it tohe dm to a grewth

of more nerve-fihres down to the ekin, md a rm 8nw ent

of the old , m th 8 1118 1181 8 1% 01 8 118 10111188 1 dimi butieh .

A8 8 general 1 8 18 , more momble ports have 81118 118 1 tactile
11188 8 ; thi s probably depends 011 practice, since they are the
parts wh ich get the greatest number of d1flerent tactile
8t11111118 t10118 .

The Temperature Sm . By thiswe mean our fmmlty
of perceiving cold 8 1111 m mth ; and, with the help of these
eensations, of perceiving temperature (11118 18 11888 111 external
objecte Its organ 18 the whole skin, the mem brane
of month 8 1111 faucee. pharynx 8 1111 gullet, 8 1111 the entry 01
the 118 1 88. D irect heeting 01° 0001111g 0f 8 m m nem may
stimulate it 81111 8 8 1188 pain, but not 8 true temperature
sensation; 8 1111 the degree of heat 8 1111 cold requisite 18 much
greater than that necessary when 8 tempemture—peroeivmg
surface 18 acted upon; henee we must wsnme the p1 888118 8
of temperature end0138 118.

In8 comfortable mom we feel at 110 part of the Body
either heat or cold , al though diflerent p8 1‘t8 of its surface
8 1 8 et different temperatu res ; the fingen 8 1111 118 88 being
cooler than the trank which is covered by olethea‚ and this,
inturn, cooler than the interior of the month. The tem»

perature wh ich 8 given region of the teumemtnre 0138 11
1188 (88 measured by 8 thermometer) when it 18 818 nei ther
heat 1101 cold 18 its tanpem tttro—sensatwn zero, 111111 is not
associated with any one objective temperature ; fornot only,
8 8 we have just 888 11, does it vary in different parts of the
orgm1 , but also on the 88 1118 part from time to time.
Whenever 8 8k111 region 118 8 8 temperature 8h8 1'8 its 88 1188
sationzero we feel warmth and viee vorm ; the sensation18
more marked the greater the (118 8 18 118 8 , 8 1111 the more
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ic

wnmtions m aombined in other cases, as red and

g m to prod‘m whita © ex partial tonee to form a

ponnd, we ä th% „m t at all, ar only with difim
recognize the wbiüe inth is case the pe

dollar is Iaid onhim.

It has also hu nshown that incertaincaaeaa person
takes the contact of pl i ‘

é—fä raw cottonwith a small
pooed em of his ak in, for th®approach of warm obj
and thi s has beenwhen tomove that touch andtempera
fw ling: may grada% into 0% However

,

ta ble touch of the raweottonmight less fel t than
increased temperatureof M a , 6% to fliminishedm

tionwhen itww eovarod by tbi® substaf

andthe constancyWith which , intheovdn
of life, we feel and diecrimin&to am the same
region , both temperature and M ti ons, is
strone against any tmxwitionn‘l of one into
other.

In favor of the view that touch and

intemperature, while their tactile ty wasnnalten
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and, ehnversely, cases inwhich the patient could feel that
he had beentouched hatwas unable to say whether wi th
hat er cold object.
The Musculus Sense. In connectionwith om mnacleß

we have sensations of great impor tanoe, al though they do
not oftenbecome ao obtrusive inconsoiousnea as to arouse
our attentionunti l we look for them. Certain of these
feel ings (muscle sm atiom proper) are due to theexci tation
of sensory nerves ending wi thin the muselee them elves

the others (£nnorvntionom ata
'

m ) have proba n a central
origin and wecmpany the starting of voli tional impulses
from hmin-oelle; they are only felt inconnectionwith the
voluntary skeletal musclee
The proper muscle aensatione only become marked on

powerful or long—continued muscnlareflort (craml nfatigue) ,
but lower grade of them , not distinctly perceimd, proba
bly accompanies all mnecular activi ty.

The innervation feelinge are of tar more eonsequenoe.

They woompany the slighteet movement of a akeletal mus»
cle, andwe derive from them means of determ ining wi th
great aceuracy the force and extent of the contraction
wil led. The belief that their origin is central mainly tests
on the fact that we have sensations‚ not mer e of executed
but of intended movements. The actual nature of the

movement performed is probably characteri zed by other
contemporary sensatione, as of the muscle sense proper,
from pressure and folding of the skin , and80 on.

The innem tion ieelinga thus stand spart und opposed
to all our öthers as primary factors inour mental l i fe; they
represent the reactive work of the organism with respect
to its environment. Some distinguished physiolog iets,

however, deny their existexwe, ascribing them all to a

peripheml origin, either in sensory musclemerves, or in

sk in-nerves affected when a part of the Body is moved.

As, however, we candetermine more accurately the differ
ence between two weights whenwe l itt them thanwe can
whenthey are merely leid ona hand supported by table
(see below), thm*e are undoubtedly (apart from cramp and

fatigue) true museular sensations distinct from tactile; and



are combined wi th visual inenabl ing us to form j—ndp ente

as to the distance, size, and movements of objects. They
are as aloe e combined inordinary life wi th twtile senu
tions; inthe dark, whenanobjwt isof suoh eize and ferm

that it cannot be fel t all over hy any one regionof the eking
we deduce its shape and ex tent by combin ing the tactile
feelings it gives rise to, with the muscular feeling : m om
panying themovementsof the hands over it. Even1vhemttlw
eyes are
eene as short cuts which we have
interpret, astel ling uswhat tacti le
object seenwould give as if tel t ; and, inregard wfl istäntv

points, al though we have learnt to apply arbihe rih selmteé
standards of neam rement, it is probable that distance, in
relation to perception, is primari judgment as to how

taet with the thing looked at.

cular wi th tacti le sensationa
nmch better judgments. Whi le with touch alone
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thermie end organs. Certa in pathological end experi

mental phenomena tend also to preve thet the bm in-eentres
conoem ed inthe productionof tactile and peiefnl sem

lines are different Pem nssometimes lose pain
and keep üetile ; gee tle touch is tel t as well as
a powerful pineh censesno pain : inone stage of other end
chloroiorm unreoés the same thing is observed ; the sur

geon’

s hand and knife are fel t where they touch the skin.
but cutting deeper into the tissues pmdueeeno pain. In

animals a simi lar state of things may be produced by di7id
ing the grey matter of the eord‚ leaving the pootecior white
columns intact ; while, if the letter be di vided end the grey
subetanee left uninjured , there is increased semä tivenea to
pain , and probentouch proper is lost, though that is im
possible to say with certainty. Such experimente make it

*
)

b

mtty certain that when sensory eflerent ünpnlsee reach
e card at any level and there enter i ts grey matter wi th

the pooterior m et»fibree‚ they travel onin diflerent W B

to eonseious eentree; the teeüle coming soon out of file

greynetwork andeoursing onina readi conducting white
fibre, while the painful first travel onfurther inthe gmy sub
emuee. It is still uneertainif both impulses reach theeord
inthe same fibres. The grey network emulectsnene in»
pulses, but not easi ly; they tend soon to be blocked in it.
A feeble (tactile) impulse teaching it by an aflerent fibre

m ight only spread short way and then pass out into
a single good cendueting fibre in a white eolumn, and

proceed to the brain ; while a stmnger (painful) impube
would radiate further in the grey matter, and perhaps
hreak out ef it by many fihreeMding to the brainthreugh
the white columns, and so give rise to anince- ordinate «nnd

i l l loca.l ized sensation. That imrare badly loeelimd, end
werse the more intense they are, is a welhknown fact,
which would thus receive anexplanetion(see p.
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Eunm md Thint These wuentiena, wh ich regulate
the tak ing of food , are peripherally local ized ineonecious
neee, the former inthe etomaeh and the letter inthe throet,
and local conditions no doubt play a part intheir produc
tion; though genen! states of the Body are also eoneerned.

Hunger inits first stugee is probably due to condi tion
of the gastric mucoua memhrene which eomee onwhenthe
stomach hasbeenempty some time, andmay be temporari
sti l led by filling the erganwi th indigestible subetanm
But soonthe feeling comes hack intensified and canonly
be ellayed by the ingestion of nutri tive subetsueee; pro
vided these m eheerhedand reach the blood, the ir mode of

entry is tmeaeentiel; the hunger may be stayed hy injec
tiona of tood into the rectnm as wel l as by putting it into
the stomach.

ing the throet wi thout ewallowing, but thenwonreturns;
while it may be permenently rolleved by water injectiona
into the veine, without wetting the throet at all.
Whi le both sensatione thus depend in part on local

pefipheral conditions of aflerent nerves (pneumogaetr ic
and gloempharyngeul) , they may be also, andmore power
ful ly , excited hy poverty 01 the blood infeeds and water;
this proba n directly stimulates the hunger and thirst
brainreentree.

Small. The olfactory organ consists of the upper por
tions of the two nase! cavi ties, over which the endinge of
the olfactory nervee are spread and where the mueoue

memhmne has a brownish - yellow color. This region
(regte ol/actorie) covers the upper and lower turbinate
henee (a, p , F ig. are expensione of the ethmo1d

(p. 75) onthe outer wall 01 the nostril chamber, the oppo
snte part of the partitionbetweenthenares, and the part of
the me! of the nase (n, Fig. 89) eepemting it from the

crenial cavi ty. The ep ithel ium eovering the mueousmem

bmne contains two varietiee of cells arranged in several
layers (2, Fig. Some cel ls are much hke ordinary
columnar epithelium but with long branched procom
attaehed to their deeper enda; the othera heve a large



The letter cells hne beensupposed to be the proper olb e
tory endorgmw, and to be eonnected v ith the fihres d the

dfnctory nm e, which enter the deeper strata of theepithe
l iu1n and then divide; but it is doubtful whether both
kimts of cells are not so

our mmßlMe. We commonly

einee ve finé the sensa
tion ie by

“ m iß
y into the

when the

W feundmany smellh wi th
(see below) ner weM : ;from man: a . columnu eell.

well of the dirw tion ef am

odomus bedy agh the

The um poaeem aleoh ervea ef eommen

which are stimulated by such euheüneea ae emmenia

Teste . The orgenoi taste is the mneoee «en

the derenm of the tong11e and possinother pafta oi the
boundary of the month em ity . The nm weeem ed me

the gloss0pharyngeda distribu ted am the hind pu t the

mm me alwaye gaseous and
mt powerh üly
nt in very small

amount. We m uot, how
them by the een

eatione theym m or arrange
them in ee; end smelle are
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execpt as eidh g inthendeofienof food, and for

poee they enenot bymy means eafe gnidw at ell

Many eo-called tu tee (flavors) are really
emuspartieleeof substm eeewhichm heing

in the month , we take
with meet epieee; when
inflamed by cold in t

the nase, the se-cslled taste of epi
they are when; all that is felt,
chewed under euch circumstencez is

to itsetimuleting nervee of commonSensationin
This fact is sometimes takenadvantage of in
of domestic medicine when neuseons dose, as
to be given to a child. Tactile seneetione play
inmany so»called teams.
Most persons taste bi ttere best with the

tongue andm eets towards the tip; but this is
The carione interferenee of tastes which takes
the acidi ty of a eour body is covered by adding
which does not in any way chemi cally neutral ize
whenenger ie put on lemonfor example), needs explane
tion.



CHAPTER X X XV .

THE FUNCTIONS OF THE. BBAIN AND

SPINAL CORE

The 8 peotnl Phy siology ofNerve-Oentree. We have
already studied the general physiologieal properties of
nerves and nerve-eentree (Chap. X I I I. ) und found that
while the former aremore transmi ttersof nervene impulses,
the latter domuch more. Insomeeeeee the eenhee areauto
mah

'

c; they originate nerve impalees, as illushuted by the
beat of the heart under the influence of its genglia. In

other cases feeble impnh e reeching the centre gives rise

to a great diwharge ot energy from it (as when annuex
pooted noise prodneee violent start, due to many impnhee
sent ont from the exci ted centre to nnmerons mneeles), ao
that certain eentres are irr t

'

tczblo; they eontein store of

ena gy
- liberating material which only needs alight die

turbanee to upeet iteeqnilibrinm and produce many eflecent
impnhes as the resul t of one afierent. Further, the im
pnlees thus liberated are oftenw ordtnaled. Whenmeans
inthe windpipe tieklee the throet endexci teseflerentnerve
impul& s‚ theee‚ reaching centre, cause dieehergee along
many eflerent fibree, eo combined in eeqnenee and power
118 to produce, not a more aimless spa m, but eough

which clean the passage. In still other cases the exeite
tionof centres, w ith ex without at the same time some of

the above phenomem , is associated wi th am ationsm other
3M08 of com ciom ese. We have now to study which of
them powers are manifested by difierent parte of the een
tnl eerehroq pinal nervens system , andunder what eirenzm
etences and inwhat degree : what ie knownof the general
functions of the sympathetic and sporadic gm gha has al

ready beenstated (p.
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The 8p tnal 00rd u n°entre. The ep inal eord,

nm o-trunk, 1nto

col lected on their
true, eontmnthe pathe for the eondnetienof all tl
l»aloee which, miginating in the m ehrnm,

give
1 olnntary movements of the trank and Iimbe; ala
the centrally traveling impulses which give rise t<

tionsmcribed to those parts; and it isdee the path
te in impulses giving rise to invohmtary movement
example, those wh ich , originating 1nthe respjmtory
travel to the phrenic and intemeetnl nerven.
If, however, the w rd were mere eolleeted 8 1

tinned nerve—rooü it ought to incrm consideren
as it approeehed the sha ll, and this it does not do
thing l ike the required proportion; e histologieel e
tion, too, shows that few, ii any , of the entering fib

ceed directly to the brain; they pm to the central
grey substance, containing nerve-eelle and diflere1

anyth ing in11 true newe-flnnk. In the grey eo
(ihres (anterior roots) end incel ls of theanterier hm
others(posterior m tv) inthat fine network which
the whole grey snbstunce (p. the nerve—eelle
brnnehee are a1w incontinuity wi th this network
ul timately, wi th all the nerve—fihree ente1—ting th

From the network fibree ariee at diflerent levels, 3
out into the white w lnmne; some place two region
gwy matter in intimate connection, while othen
to the brain.

. Inorder to understand physiologie
we must assume‚ first, that a nervons impube ente1
grey network at any point may , under certa ineen
travel all through it. and give rise to eflerent ij
emerging at any level ; and, onthe other hand, th1
are certain l ines or pathe of easiest propagwtion
diflerent po1nts inth is network , which the impd e

to under ordinary conditions.
Reflex Actions. Whena frag isdecapitated it li
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lessnumemus inthe higher animals; inthem the Orgm izm

tionis lese maehine-lilce, the $pinhl card being mm the

m ent of the lnger braa11, wd lem mpnhh of m king

greater extent eontrcl the musea ponsee 1 rhiéh sh i]

be made to etimnli under various emulitiene; they have tes
automatic protection in the ordinary risk: of hie, but

greater range of possible protection. The humanmim !
eoni , controlled hy the hrein, eanadept the reactionsof the
Body

,
w ith great nicety, to a vast variety ef condi tions; the

freg
‘
sca rd by i tsel f does this for a.smaller number of pes i«

ble emergencies wi thout troubling at all aueh brain as the

animal has, hat is lese completely under the control of the
higher centms for adaptafion to other condi tions. The

difierenee being, however, but one of degree and not ef

k ind, it is best to approach the study of the rede: Octiom

of the humanspinnl eord through anexaminationof Gum

exhibi ted by the frag.

The Orderly Benez Movemente of a Dem p itsted F rog .

For the occurrenee of these the following parte mußt he in
taet ; the end organe et semory nerve—fihres; (If) afl

‘
erent

fihres from thme to the card ; (c) eflerent Blues from the

eord to the mnaeles; (d) the part e! the sp i1ml eordW em

the aflerent and eflerent fibres; (e) the muscles concerned
in the particular movement If the animal be euspended

vertically after the check of the operation is over, it makes
a few attempts to hold its h ind lege in their usunl flexed

position; these soonm e, the lege hang down, and the

creature eemee to rest. If one flank henewgent ly scratched
with the point of penci l 11 reflex movement ecout e,
limi ted to the mneeles of that region; they twitch , some.

what es 11 home’

sneck whentickled hy fliee. II p ineh be
given at the same spot, more mnsclee on the enm e ade

come into play ; a harder pineh eaueee also the him! leg of
that side to be m i11ed to push away the ofiending object :
more violent and pmlonged irri tationeausee all themnaelee



11! the body to contract, and the animal iseonvn
thenwe see that a feeble stimulationeausee

purpow like response; strenger cansee a wider :
eflerent impulsesfrom the co1°d and theeontmct

muscles, but stil l the movements are eo-erdi 1
end; while abnonnally powerful eti 1nnlationof

nervee thmwe all the motor fihree arising from tl
act ivi ty, and calls forth inm rdinate spaauw

The orderly movements are very uniform for a g
lation; if the anal regionbe pinched, both hi
raised to push away the forceps; it 11 tiny bi t
paper moistened wi th dilute v inegar be put on
the lower part of that leg is raised to wipe it 01
middle of the back near the head , both feet are
the spot ; it onone Bank , the leg and foot ef t]
used, andso on; in fact, by cewfnl working, the
canbe mepped into many regions, the applicati
lated water to each eausing one particu lar
due to the co-ordinated eentraetions of muscles
eomhinntions, end never, under ordinary eir.

any he t that one movement. The above
reflex movements may 1111 he chamcterized 3 1

but all orderly refiexes are not 80. Fur em

breeding season the male frag clespe the femelc
days with his tere l imbe. If a male at this
deeapitetecl and left to recover from the ehocl

found that gentlym bbing hissternal regionwit
wnses him to elasp it v igorously.

come onwhenanaflerent nerve-trunk ie stimuh
of the tactile end organe in the skin; ex whe1:
very powerful ly excited ; With feeble stimnli
diseasecl states (Whe log ical Menue), and 1111

fluenee of certainpoisons, especially strychnin€
era warm—hlcodedanimal be given adose of the

:1 stimnlue, euch es normally would excite c

orderly reflem wi l l excite the whole eord,

disehargee along all the eflerent fibree 80 that
m inione resul t. It has been clearly preved ti



er the

(at least unless unneeessat ily large doses have
be engiven.

ly end.

'
The continuity of th is

general 1efiex conm lsions. und

imp11lee, 01
° its resul ts, through

censequent emissiono! eflerent

med hy l ines of 00116110

where the efierent fibree

sti ll , and, lihemting energy from tt“ the nu ve—oello in the
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pertnfl the bu in. W hee thq tim'

v
‘d d‘own the w

pwodueing a givenmovement It they thene radieted

and wide 110 definite movement could result, for all

andnot merely thoee neeeN ry to hend fl19 ändex fin;
for example. Wemnst here agaln‚ theretere, eesnme e p

a given fibm eoming down from the hrfin, to the effm
fibree going to a certainmuscle 01° group of muscla .

path between the two is almost certainly net direct
eo-ordinating spinal centre intewenee, and all that
brainhas to do is to excite this centre, which thensem:

onthe table and its pelm be rol led over, many nmeelee,

eluding thousands of mnecahtr fihree, ha ve to contract
definite order and sequence. Pereonewho have not stnd
anatomy and who are qnite ignorant of the muscles te
used een perform the movement perfectly ; and even
ekilled anatomist and physiologist, if he knew them
and their actions, eenld not by eonscious eflort comb
them so well as the cord does wi thout such direct inter!
enoe. We have thento look on the card as eontainin

host of eo-ordinaüng centres for difierent mueelee. Th

eentrea are put innem ns connect ion, on the one be

with certain regione of the skin, and, on the other, w
regions of the brain, and may be excited from ei ther ;
the former case the movement is called reflex ; in the hat
it may be reflex, or may be aeeompem

'

ed by feehng
Will ” end IS thencal led voluntary. The more aecum t

the required centre, and no other, is excited, the 111

definite and pre0ise the movement.
The Educati onof the Cord‘ Much of what is en]

educating our touch 01° our muecles is really educati on
the 5pinal eord. A person who hegins to play the }Ii1
finds at first mnch diflienlty in moving his flnger8 in

pendently ; the nervons impulses from the brainto the 6
radiate Item the spinal centree of the muscle Whißh i
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desired to move, to others. But with pract ice the indepen
dent movemente beeome easy. Se , tee , the loeahzing power
of the sk incan be greetiy increased hy exereiee (p. 580) as
one sees in bl ind persons, who often cand istinguish two
stimul i onparte of the skinwhich are so near together as to
give only one seneationto other people. Such phenomena
depend onthe fact that themore often11nm ons impulsehas
traveled along 11 givenmed in the grey matter, the easier
does its path become, and the less does it tend to wunder
from it into others. We may compere the grey matter to a
th icket ; persons eeeking to beat a read through from one

point to another would keep the same general direction,
determined by the larger obstacles intheway , but allwould
diverge more 01

° less from the straight path 011 aeemmt of
undergrowth , tree trunks, etc . , andwould meet with consid
erabledifi eulty intheir progress. After somehundre<h had
passed , however, 11 toleranbesten track would be marked
ont, along which travel was easy andall after—eomere would
take it. If instead of one entry and one exi t we imagine
thousandsof each , and that the pethe betweencertainhave
beenoften traveled , others less, and some hardly at all, we
get pretty good mental picture of what happene in the

passage of nervena impulses through the greymatter of the
eerd; the clearing of the more troddenpaths enew ing to
the efleete of nee and practice. The humancard and that
of the img must not, however , he looked uponas pathless
thicket3 at the eommenoement ; each individual inherits
certainpathe of least resistance determined by the structure
of the eord, which 15 the tmnsm ittedmaterial reenlt of the
life experience of 11 long‘l ine of ancestry.

The Inhibitionof neflex ea. Since it is possible, 118 by
strychnine‚ to diminish the resistance inthe gray mutter. it
18 concei vably also possible to increase it, anddiminish 01°pte
vent reflexee. Such isfound to be actual ly the case. We can
to a great extent control reflexes by the w ill ; for example,
the jerk ing of the mnmlee which tends to !nlimv tiekling
andit isfound that after a frog

's bmin1s removed it 15much
easier to get reflex actions out of the spinal eord. Certa in
dm gs, as bromide of potaa inm, also diminish reflex emtta
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bility. Ifnfmg
‘
obrain he removed and the animnl

’
s

he dipped into very clilnte neid, it will h0mmemd aft

the lifting of the toot is knovu ae the reflex time ; z

etimulnn(which hana eumnletive eflect on the eentre)
to ect lemger befm

'e it m ttsee the eoxd to the disehaq
point. If the eeintie nerve of the ather leg he fl imnh

while the toe ie inthe aeid the reflex time üinereoeed
thomflex m y tnil enthfl y towwar. Thie is one cae

e geneml k m, that any pov erfnl etimnlutiou o f one :

aory nerve tende to inhihit ordedy retlem dne to the

ci tationof another. A eommonexample is the well—kn
trick of preesing en the npper lip w prevem e m e‘

The whole questioa ef reflex inhihitien is at pm nt

ohecure. It may be dne to the emi tatienof npeoini fil

wh ich inh ibi t reflex oentree, as pnenmogwtric fib1eede

eu dio-motor ; or to the fact that one nm e impnhse in

eetd in eome eeeee bloeks or interfeeee with anether

pertly to hoth.

qui te marked reflex movements in the lower part e!
Body of a man whoee eord ie divided end who ean

find tha t be teela nothing end is qni te ig 1wraat of

movements unless he eees h18 lege, it ismost M t

the spinal oord 111 1111 cases isdevoidof eenhee of eonaei<
11088 and volition: this is not certain, hem er ; for th

111 1ght well be a lese divisionof physiologieel lehhr betw
the oord and brainof a frag, thanbetweenthose of 11 111
Sti l l we are enti tled to good evidence before we adm it t
Wo thinge eo similar as the human00111 51111 the b eg

’

e ;
eene different properties. Omerdinatedmw eme11ts te l l.
111g a g1venstimnlne, 01

°

erieeemi tted by ananimal, wi ll
sufliee to prove that it iseonseione, since theseweknow
occur entire nnconseionnly 1nmen,who alone can tell nu
their feel ings. We must look ferm ething the t reeem l
actions only done by meneonecionely. In the frag it
how mnintainod thetwe haveevidenee oi aueh. If 11 hi
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bility ou the

wfeelingeof paintravel mainly
and they also for the ment part cross the mi ddle
after their entry.

least inman and the higher

supply is out 08 , es in iainting
by tmnor or by an eflusionof
m e result ; inflammationof it causee delirium;

observed. The brain has, however, many other
functions; it is the seat of many reflex,

co—ordinating eentree, which
eonsciousneenas those of the
it probable that myehical facult

'

fore-brain‚ while the rest of the
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non-mental, duties. If the cerehral heu1ispheres be to.

moved from trog. the animal een stil l perform every
movement as well as before; but it no longer perform
any spontaneouely ; it must be around by 1111 immedmteiy
eating stimulns, and i ts response to this is as invariabie

and predieohle as that of frag wi th its epinai card oa .

The movements wh ich can be educed are, however, fur
more complex ; instead of were k ieke invarious directions
the animal canwalk , le0p, swim, get of! its back onto its

feet, and 80 on. Similar reenl& are obeervahle in pigeons
whose fm hrain has been removed ; mammale hear the
operationbadly‚ but some, as rate, survive it several hours
and thenexhibit likephenomena Thecreeturee canmove,
but do not uulm directly stimulated ; all their vol itional
spontaneity is lost, and , apparently , all perceptions al so :
they start at load noise, but do not runmmy as if they
conceived danger; they follow 11 l ight wi th the eyes, but do
not ettempt to escapea handstretched forth to catch them ;
they can and do m llow food placed in the month , but
would die cd starvationii left alone with plenty of it about
them , the eight of edme things seeming to arouse no idee
01

°
conoeption. It may be doubted, perhaps, whether the

animals have any true sensations; they start at sounds ,
avoid opaque objects in their road, and cry whenpinched
but all these may be nneoneei0us reflex note: on the whole
it seems more probable, however, that they have sensatiens
but not perceptions; they feel rednees and blueness, hard
ness and softness‚ and so 011 ; hat sensations, as already
pointed ont, tell inthemseh esnothing ; they are hat signs
which have to be mentally interpreted as indications of ex
ternal objects : it is this interpreting power which seems

deficient inthe animal deprived of its fore brain.

Functi on of the Mode lle Oblongata. This contains.
the pathe of eonductien betweenthe parts of the brainin
front of it and the epinnl eord. It is also the seat of

many important reflex and automatic centree, especial ly
those govem ing the organs immediately eoncerned in the

maintenance of li fe; as the reep iratory , cireulatory, and

meetieatory. It may therefore be cal led the nem een
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theynervedtodiztinguieh tbedimet ionol eounm esm eh»

ing the eur ; be t enthe direetieh ot oeeiU&tionef hhe teyu»

acom ete for the appreeiutionofnotes, andeuet m

due to inharmcnieolly eomhined tonee; whi le the vectihnle

will auflice for otherne ieee: endit is foeed thetdieeu eof the

Experinmnt shows that eutting eemieimhh t a nal is
followed by viohant movements of the head in the phmeo t
the caual d ivided ; the animal M m also, if made to
walk ; and, if a pigeonand thrown into the air, cannot fly.
All its mnseles ean eontraet as before‚ but they are no

longer se w ordinated a.s
'

to enable the enimal to mainta in
or regain posi tionod equilibrium . It is hke creatm
snflering from giddiness; and simi lar phmameen follow ,

1nmen, electrical stimulationof the regtons of the ekufl in
which the eemicircular eenala lie.

in which eeneory aflerent impa lma, assteting in the pre

servation of bodi equil ibrium, ariee. The uneonnei°m

maintenanceof the erect posi tiondepeude onthe em itatioa
of many eo—ordinating motor eentres through taetile, mus
cular‚ visual, andanral een& tim m; all acting together in
normal eombinatim1 these enable os to stand without
thought ; but 10% of any one, or its ehnormel sta te, will
throw thewholemechanism out of gear. Peremmwho have
lost muscq or tactile sem ihili ty stand andwalk wi th (11%
cul ty ; those who have nystagmue (jerk ing uneonseious

movemm1ts of the eyeballs which cause the vimal field to

eeem to move in spaee) do the same eud teel giddy ; and,
as we have just seen, sim ilar phenome1n follow mjnry of
the semieirenler 011111118 .

How thenerves inthe latter are etimule ienot certa in
being filledwith liqui d the pressure of this onany ampu lla
will be increasedwhenthe head is hent eo ae to place that

one below ; and this may be the exeitant; giving rise to
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aßemnt impalees, which change the condition of the

co-ordinating lwomator centres‚ with every posi tionof the

head. Or, movements of the endolymph 111 relat ionto the
wall of the eanel may be the etimnlue, the current ewaying
themojeeting heire0*

‘ig. Place a few smal l bite ot
eork in11 tumbler of water, and rotete the tumbler ; at first
the water does not move with it; then it beg ing to go 111

the same dimetwn, but more slowly ; and, finally, movee at

the m c zil1l velocity as the tumbler. Then stop the
tumb10r, and the water wi l l go 011 rotating for some time.

NOW if the head be turned ina hori zontal plane simi lar
phenomena w i ll wem inthe endolymph of the horizontal
canal ; if it be heut sidewise in the vertical plane, in the

anterior vertical cenal ; and ii nudded, intheposterior verti
caiz the heim moving with the eene] would meet the more
stationery water and he pushed andao, possibly, exc ite the
nerveeat the deep ende of the cel lswhich hear them, andgen

erate eflerent impulses which wi ll cause the general nerve
centres ef bod i equi librationto be diflerently w ted upon
ineu h case. Under ord inary circumstances the results of
these impaleen do not become prominent in eoneciouene&s

as eeneations; but they sometimesmay. If one spins roun*i

for a time, the endolymph takes up the movement of the
em ule, as the water 111 the tumbler does that of the glass
011 ctopp ing, the liquid stil l goes onmoving and etimuh tes

the heim which are now stationm ; and we feel giddy,
[rom the ears tellmg uswe me rotating and the eyes that
we are not ; henee difliculty in stauding erect or walking
straight. A commontrick il lustrates th is very wel l ; make
a personplace his forehead onthe handle of anumhreile,
the other end of which 18 onthe floor

, and thenwalk three
or four t imes round it, rise, and try to go out of a door
he W111 near1y always teil , being unable to combine hie

mueelez properly an account of the eonflicting aflerent

imp1flßee. If a person, with eyes ahnt, be leid 011 a hori
zontal tablewhich is turned , he canat first feel and tell the
d irectionof the rotation; as it em1tinues he ineee the feeling,
andwhenthemovement stepsfeeleas ifhewere being turned

' Puge 542.
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motor centres lie further back
%ted wmhiuatione, as hending
and those for more complex ,

hy eflemnt im

1 1 or net

from a frog, stroking the 1 ge11tly 011 its back wi ll,

netee aflerent impul

to diecharge: but if

mg to prodnee one actionor another ; and e @eat part of
our mental activi ty eoneiete in deciding which we ehall
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doum Stimulation of many regione of t31e brain ie
followed by no resul ts; and that of others hy mevemente the
power of voluntari execuh

'

ng which is not, even temyo

rarily, lost when that brain-pert is removed ; thwe eecehnfl
erens have hoen enpmsed to be eoneem ed with menta l
facul ties other thanvoli tion, the etimeletien exeiüng sen»

mtione, perceptions, 01° emotions; but th is is sti ll very
doubtful. Leeaüzeddim e of regions of the human brain
[me, eo far, given better rem lts than physiolog iml expert
ment 011 the lower animals. The power of using werde to
express ideas seems intimately connected wi th a small m
011 the fc1re part of the left cerebral hemisphere, and to he lwt

(producing the condi tion known as aphaeu
'

a ) when that
part is dim ed; and many cases have been veearded in
which wound of the ekull has been followed exactly hy
loss of the power of voluntari moving thosemuscle groups
which (m pting the resul ts of electr ical efimulatton in
the lower animals)might be euppoeedto henmmally exci ted,
through the will , from the cerebral area injured. A bsence 01
recovery unless the braininjury is eured seems, mm eover,

to he th0 1'ule inman; while aeweheve seenthie isnot the

case in lower animals; this may, perhaps, indicate a more

precine divisionof physiological lahor in the human brain:

118 11 mental apparatus.
Whet the use of two eerehml hemispheres i

_

e, eaxmct st

present he said. Injury of one pmdneee its main efieots,

so far as sensationand motionare ecmeerned, onthe Oppo
site side of the Body ; but other faculties, as that of using
speech, seem located 011 one side only ; and 111 the hre.ins of

the higher human races the surface markings onthe two
sidee are not perfectly symmetr ical, which may indica te
some difierenoe 111 function. It hss beensuggested that in
many cases we only learnto use one side of the brain, and
that the other 1s i i1 resene incase of injury 01° disease ; but
the evidence ie inconclusive : a good deal may, however, he
said for the view that 11 good deal of brain in every ende

skull w 11ever used. It is there untaught but ready to be
educated.



Movements which are commonly exem ted together tend
to become so associated that it te difiionlt to perform one

alone; many persons, a.g . ‚ cannot close one eye and keep
the other open. From frequent use, the pethe of 0011
duetionbetween the eo—ordinating centres for both groups
of musclee have become 80

°

easy that vol i tional impe lse
reeehing one centre spmads to the other end em i tes both .

This associat ionot movements, dependent 011 the modifiew
tionof brainstructure by use, finds en interesting parallel
inthe psychdogfieel phenomenon known as the aseooiah

'

on
of «lm ; and all educationis large based onthe fact that
the mom oftenbrainregions have acted together the more
reedily, until finally almost indiseolubly , do they se act. If

we always tra1nup the chi ld to associate feel ings of dieguet
with wrong actions and of approbationwi th right, whenhe
is old he wi l l find it very hard to do otherwise : such an

organic ne1 ue will have beenestabl ished that the activity
of the one set of centres wi l l lead to anexcitstionof that
which habi t hasalways aeeociatedwith it. Thenerve-ca 1tres
are throughout eminently plastic ; every thought leaves its
traee for good er 111; and the moral truism that the more

oftenwe yield to temptation—the more oftenanevi l eol ici
tatien, eeneory or otherwise, has resulted in wrong not
the harder it is to resist it‚ hna its parallel (andwe ean
hani ly doubt its physical anteeedent) in the marking out of
a puth of easier eonduetion from percepti ve to voli tional
eenh es in the brain. The knowledge that every week
yielding degradee our brainstructure and leeres its twil in
that organ through wh ich manis the paragon of animals, ”

whi le every resistance makes less close the band between
the thought and the act for all future time, ought anre to
“ give ne paueez” on the other hand , every right action
helps to establ ish e path of least resistance,” and makes
its euheequent performance easier.

The brain, l ike themuselee, is improved an
'

dsh engthened

by exemiae end injured by overwork or idleness; and just
as a 1118 11 may specially develop one set of musclee and

neglect the rest unti l they degenerate, se he may do with
his brain; developing one set of ietellectuel facili ties m d



m ,

the intellectm11 joynof art, science, and li ter
cherm for him ; he ieamore money making m
a im , not unb equently meets the scientific

uppmciafionof art 01° li terature ; andBtenry n
cepehlc of sympathy wi th science. A g
education in early liie‚ ona hreed haeinoi

aueh imperfiect mental growth ; one deeger
life is the tendemcy te put lade ina teehfl eol

start them inbusiness before they hsve attai 1
general education. Another danger, nodoeh
si te one of making the training too hroad; am
one or two literatunee fairiywell, endwho has
elmmente of methematiee and of ene ot the oh

utilimahle brain than he who has smatte1

downlaug1mgee and a eonfueed idee n! all ti

The hahi te of mental slovenlineez, the illogi
and the incapaci ty to know whena thing real
and understood‚ which, one eo oftenfinde ae

euch aneducation, me fer wome then the 111

to follow the opposi te error, which is oft

wi th the power of accurate logical thought.
are deprived of the 11d of general 001
tion m y new, more easily than et any pre

cultivate mental breadth hy read ing some
exeellex1t general reviews and magazines, and
but exact popular ex;msitions now availeble
subjects, wh ich are euch 11 feature of our age.

o 1 t of working home, with these whose specie
difle1*ent from our own is almost necessary
would avoid auch 1111 asymmetrical developm
m onate to intellectnal defermii:y.
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or supplementa l in vari ous waye‚ and converted into
articulate language 01° speech.

The Larynx lies infront of the neck, beneath the hyoed
bone and above the windpipe; in many permne it is

prominent, ceueing the projection
‚known as

“ Amiam
’

e

apple. ”
It cm miete of

joined by truem oviel jointe

by memhnmes; mneeles are added which move the cer

tilageswi th reference to oneanother; and the whole ie lined
by 11 1111100118 memhrane.

Theeartilagee of the larynx (Fig. 156) areeine innumber;
three single endmedian, andand three pain. Thek tgt (1)
is called the tkyrmd, and consiste of two helvee which meet
at anangle infront, hut separate hehi11d so m to

°

meloee a

Ve heped space, inwhich most of the rema ining w fi lm
lie. The op igloü1

'

s (not represented inthe figure) is fixed

to the top of the thyroid eartne and ove1hnnge the entry
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from the pharynx to the lerynx (a, Fig. it may be

seen, covered by mueoeemembrane, projecting at the base
of the tengne, if the letter be pushed down while the

month ia held open in front 01 e glass ; and is, simi larly
covered , represented, as seenfrom behind, at a inFig. 157.

The criceid, the last of the unpaired cartilages, is the ehape
01 signet-ring ; its hroad part Fig. 156) is onthe poe.

tot ier side and l ies at the lower part of the opening between
the halves of the thyroid ; in front and 011 the eides it is
eenow , and space, occupied by the crico-thyrm

'

d mem

brane, intm
°
venee between ite upper border and the lower

edge of the thyroid cartilage. The angles of the letter
are produced above and below into projecting home

(Co und Fig. and the lower horn on each eide
forms a joint wi th the crieoid. The thyroid canbe ro

tatedonan111118 , peasing through the jainteoneach side, and
rolled down 80 that its lower front edge shall eome nearer
theerieoideartilege, thememhmne there intervening being
folded. Theary£enoüh (1, Fig. 156) are the largest of the
paired cartilages; they are eeated onthe upper edge of the
posterior wide portionof the erieoid, and form true jointe
w i th it. Each is pyram idal wi th e triangulur base, and has
011 its tip smal l nodnle (co, Fig. the eartilage of
Santori ni. From the tip of each arytenoid earülnge the
arylmo-migloth

'

dwnfeld of mneoue membrane (10, Fig.

157) extends to the epiglottis; the w tilnge of Santorini
08 11806 8 projection (8, Fig. 157) in this; and 8 l i ttle
further on (9) is a simi lar em inence on each side, caused
by the remaining pair of cartilages, known as the mm ferm,

01
°

cafl ilagee of Wriab ug .

The Voeal Corda m bends of elaetie tieeue whieh reaeh
from the inner angle (Pv, Fig. 156) of the base of each
11rytenoid cartilage to the eagle onthe inside of the thyroid
where the eides of the Vnnite ; they thusmeet infront het
are separated at their otherende. The eorde are not, how
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slit whieh are set invibrwtiandefing phomrtion. Ahow

esch voenl oord te a depreesian,
Fig»

nent edge, Mofalee vocal m d. Over most of the inte ir1ar
of the larynx its mucouemembrane is thiek endeoveredhy
ci liated epithelium, and has many mueous glande im»

bedded init. Over the vocal em*de, however, it is repw

M ed only by a thin layer of flat non-cilißi:0ä cells, and
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the producti onof voice. When both peirs of mueei
together, however, each neutralizesthe tendency of the
to m tete the arytenoid cartilage ; the downward part
ph i l of each is, thus, alone left, andthiseaueee the aryi
to sl ip downwards and outwards, of! the eminence e

erieoid wi th which it artienlates, as far 3 8 the l oose
ler l igament of the joint w i l l allow. The aryteneh
tilages are thusmoved upert andthe glottisgreatly v i



food anddrink rare enter the larynx in swallowing‚ the

edgeo of the folde of mueous membrane 011 its eidee being
so brought together 118 to eflectually close the epertere be
tweenthem.

Increased teneion of the voeal cards is produced mainly
by the crico-thyroidmania , one of which lies oneach side
of the larynx , over the erieo- thyroid membra1m. Their
actionmay be understood by help of the diagram, Fig. 159,
in which represente the thy
m id cu tilage, the erieoid, a

an arytenoid, and ve a Vocal
cord. The muscle in question
pm ee obl ique heekwards and

upwarde from near the front
end of 0 (to the right in the

diagram) to near the pivot
(which represente the joint be
tween the erieo id eartiluge and

the inferiorbornofthe thym id).
When the muscle contrt it

[111118 down into the posi tion indi cated by the dotted l ines
:111detretehw the m eel card. if the arytenoid cartnee be

kept, by the mneeles beh ind , from sl ipping forwards at the
—
.ame time. The antagonist of the crico—thyroid is the



&ietenee v itheut e hm lc; hnt, then, to reaeh

notes, must peuee, reemmge hie larynx, end
What happem ie tht t, at first‚ the voeal p
tnrned in, eo as to appmximate hut not to mee

length of eeeh edge oä the giottie then vibn

note
increaeing eontraetionot At

teins ite limit and a new methd has te he ade

voeel pmcem m mere rolled in, 1mtil they tx

produeee 11 node (see Physi cs) at that point a

utt ing emi te a higher note ; 80 the erieo—thyroid
and thenagain gmdually tightened as the net

wised in piteh from the new etarting
-point

easi ly and imperceptibly from ame euch m enge
lnrynx to another is a great art ineinging. T
reasonto bel ieve that 11 second m>de may , tor
notes, he produced at a more anterim point
eerde.
The method of production offizleettonah e ii
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5 e :

The maal i of Engizish, 118 in spim, ienot a true eimple

vowel but dipththong , consisting of 5 (pad) followed by
8 (int) ; 8 8 may be

'

observedhy trying to sing 8 sustaineti

nete to the eound i ; itwill thenhe seenthat it beg im 8 8 8

amd ende 8 8 ee. A simple vowel een he maintained pure
as long 8 8 the breath holde out.
Inut tering truemwel sounds the soft peinte 18 raised 80

88 to cut 05 the air inthe nase, which, thus, does not take
part inthe sympathetic reemmnee. For some other sounds
(the eemi»vowels 01

°
resonante) the initial step is, 8 8 in the

case of the true voweh , the productionof 8 leryngml tone ;
but the soft palate 18 net raised, and the month exi t 18 more
or less closed hy the lip8 01° the tongne ; henee the hleet

pertly 1esuee through the nase, and the air there takes part
inthe vibrations and gives them special
ie the ewe vnth m, n, andng.



voenl 0011 18 , hat by modificatiene of the expiratory hlmt on
its way through the month. The current may be inter
r11pted and the sound changed by the Iip8 (labtals) ; or, at
01°near the teeth , hy the tip of the tongue (deutete) ; in

the throet, hy the root of the tongue and the soft palate
(gudurale). Coneonante are also characterized by the kind
of movement which gives rise to them. Inexp losim an

interruptionto the pneeage of the air-cnrrent 18 suddenly
interpoeed ex removed (P, T, B , D, K, G). Other een

sonante are continuous (118 F, S, B ), andmay be subdivided
into—(l ) aep 1

'

ratu , character ized by the sound produwdby
11 rueh ot air through 11 h anow passage, aswhenthe l ipe are
approximated (F), 01° the teeth (S) , 01°the tm1gne isbrought
near the pdnte (Sh), or its tip against the two rowe 01 teeth,
they not being qui te ineonteet (Th). For L the tongue
18 put against the hard palate and the air escapee on its

811188. For Oh (88 in the proper Scotch pronunciation of
loch) the passage betweenthe back of the tongne and the

soft pelete is narrmved. To many of the above pure
consonante answer others, inwhose prodnet1

'

ontruemed i
zetion(t e. 8 laryngeal toue) takee_

a part. F with some
voice becomes V; S becomes Z, Th soft (teeth) becomesTh
hard ; and Oh becomes Gh. (2) Reemmnte; these have
been referred to above. (8) WW W .! (the different
forms of R), which are due to vihratione01 parts bounding
8 eonürietionput inthe course of the air-current. Ordi
nnry R 18 due to vibrations of the tip of the tongue held near
the har&peiate; andgnttnml R to vibmtions of the uvula
andparts of the pharynx.
The eonsenantemay physiologienlly be elaseified as inthe

following table (Foster).

with 1mice

v ith voice GM ).



production, yet not so far 118 inquiet brea
current thenproduces fi ieticm soa ha

as it paeeee the glettie; and thie is againm

current strikes the wal l of the pharynx.
elesure of the glottis, attended wi th no
speech element, though we do not indicate
letter , since it is always nndemtoodwhe1
with vowel, and only rare 18 used at 0

Greeks had a special signfor it„ the 80]
another, the Imrdbreething , answering
11 and indicating that the laryn x W88 to he
to give frictionsound, but not voice.
Inwh ispering there is no true voice; t
true law , and these are only produced b
tions; whispering is a 110188 . Te produce
to lerat narrowed but the cards are not
produce 8 sharply definededge 011 them, a1

past is then throwninto irregulnr vibratio
tim e 8 8 eoineide inperiod wi th the air in
thmat are always present inauflieient numb
the vewele; and themnsonantsare produce
way . though the distinctionbetweeneuch
B , F and V, remaine imperfect.
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Apoplexy . 166»

Aq1wous humor, 490.

Anehnold, 6. 157.

Arber vitae. 168.

Am in 688118 , 109.
Anoint tiuue‚ euhcutm1eons, 414.

Am , ehelctonof. 78.

At torinl blood, 916. 879.

Arterien. d istributionof, 908
Arterien, structure of. 917.

Artery , n illnry , 910; bm hinl.
910; bronchinl, 911 ; w otid,

910; emiinc, 910; 00m m .907.
910; ilinc, 210; 1n11m11111111e.940;
11118 1'008ül, 21 1 ; t.dinl, 210;
anbclninn, 910; nlner. 910;

Artieulnr enrtih ge‚ 9t

AMcnletione, 68, 98

AMmilntion, 19.

Au imitntim tim es, 80.

Associnüonof idees, 598 .

W 118. 82.

Atlento-nxiel nrfienlation, 97.

Adna vertebra, 68.

Auditory nerve. 170.

Auditory 08810188 , 586.

Auditory perceptions, 554.

Auricula ventricular va lves, 908.

Automatic contra . 188.

Automatic movements, 98 .

Bones 01 face, 64; 01

78 ; of h ind-limb,
tom! u ch. 77; 01

79; 01 Skull. 75.

Brachial nrtery . 910.

Bmchinl plex1w‚ 161 .



m ax. 809

Bnu t «hone. 71 .

Bronchio1 arteriee. 911.

Bronehinl tubee. 854

a ner’

s ghnde. 899.

Bufly eoot onbloodcloh ö2.

0dcnneum, 79.

Cupillnrhß. blood . 911. 917.

Cnpillnneo, lymphatic, 899.

Cnpmh of 6 1188011, 895.

L
‘
u bohyflnhes.m nmyloids.

Gu ben dioxhle‚ 14; 111 blood.
886 ; moductt<mof inmuscle.

Gerdiacmnew lnr ttuue, 194.

Cnrdino eriflee ot etomoch . 817.

Cerdinc pla ne. 179.
Cnrdio inhihitory nerven950.

M M nrtery , 910.

Cnrpnn, 79.

Cu e1n. 11.

Certi lnge. 100; nrticniu .94; el.»
tic. 106 ; fibro 107; histology
01, 101 ; inter «artieuh r. 107.

(
'

nrtilngee of lnrynx. 596

Cataract. 504.

Uaßrrh, 956.

Gnade eqnine, 161.

Celle, 17; omcehoid. 114; ciheted.

88. 115; divisionof. 18 ; 111178»

rentifl ion01, 96 ; growth of. 18.

Cancel. of teeth. 811.

Centre. eerdio inhibitory , 950
cerehm ph ßl, 156 ; connfleive.
400;W , 891 .

Centre of gnvtty o! body . 149

of.

Cq >helic min, 914.

Cerehellnm . 164. 588.

Cha d. tympani nm e, 271.

Cemhrnl hemhpheree, functions

of, 590.

Oerebro-spinnl centre, 5. 156.

Ceretnoa pinnl liquid, 158
Genia l pla ne. 161 .

Gentoo] vertebue. 68.

Characteristies of human sketc

ton. 84

Chemical combination. energy
11118d in, 988.

Chemical oompoeitionot body .

Chemical chmgee in htefl hml

eir. 878 .

Cha untry , of hile, of blood .
57; 01 h0ne, 91 ; 01 “CS . 119

61 ; of muscle. 194. m ; of

teeth . 819; 01 urine.

410; of white flbrons tim e.

108 ; of working muscle.497.

Ci liehadcells,
Circulntion, 901. 914; during as«

phyt in. 401 ; influence of te

epimtmy movemente em. 868 ;

influence of nervenon, 947;

01rculnloq orgnne. 201 .



Coccyx. 70.

Cochlea. functiona of. 558

Omlinc .de. 211.

Oold»hloodednnimnh. 449.

Col lagen. 104.

Oolh 1-bone. 77.

Colon.

Color mixing. 591.

Color vision. 519. Crying .

Comhnstihh: feeds, 495.

Commim reo. eerehmfl , 167.

Commonhi le duct. 894. Cnnri poiaoning . lm
Commoneem tion. 567. Cutaneous orgnnn, 41

Cntmoem necrettonn‚

Gempleme11üry 0010111. 591. 01168 ven. 418.

Cen<1uctive theme. De
°

feeta (opüenl) 01 ey
Conductivity . phyetolog icnl. 91 .

Connect1ve timae, 69. 109, 106. Dentino. 811.

Connective tiesne eorpncclen.105. Damm nm e. 955.

Dermia. 6. 418.

Contractile 11881188 . 88, 118.
Contractility , 90. 198. Development, 26
Contrash1. viaunl, ß5,
Convulsive centre, 400. Dialyde. 49.

Cooking ot meete. 801zof vege Diephmgm. 4, 859.

Cmordinfl ing 111181188 , Diet, mixed. adnntq
Coe rdinetton. 99. 188. Diflerentiation01 the

Cards, vwa . 567.

“ gm. 6, 418. Digestionof 8 typienl
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dnctlean, m ; M io, 819

WW W ;

ofla ner.W MMeherhtthn;
perotid‚

Ghnoid tous . 77.

Giiding jaiata‚ 98.

Chance , enpm le of, 896.

Globe of eye. 485.

(3105111111. 11.47.

Glossophnrynged nerve. 170.

Glucose (gmpemm ). 11.



INDH . 61 3

neu e»flhren. 178 ; 01 nme.

of plainmm tim e, 198 ;

01 11 3111111. 487; 07skin.

emai l intestine. 890; of mine!
card . 177; 01 8101118 191, 818 ; 01
striped muscle. 199; of teeth ,
8 11 ; 01 tactile orgnno. 556 ; of
tongne. 570; 011 white flbrona
tiseue. 108 .

Hollow veine, 907.

Hm ologiee01 80t ; 6881166

107

Homology . 58 ; of limhe. 80.

Hm oter. 588.

Hnmem 78 , 86.

Humor , nqmous. 490; W fl.,

491.

Hunger, 569.

bmin. 0101111113 . 866.

188 ; of grow

1113 8d 109; 01 joinh , 98 ;

01manolos. 1%; 01m p1nthm.

866. 875; 01 night. 501
M IGtOD, 09; 01 akin, 420; 01
supporting 11881188 . 109.

Hyoid bone. 76.

1111711300!nem . 897.

Interior mn illnry nm e. 170.

Interior mesenteric MW„911.

Inhibttionc>t reflexee. 581 .

1nnominnte artery , 910.

Innominmte how , 79.

Innentn; tewein.914.

Inorp nic eom tituentn01 Body .

14.

Inoeit, 18.

M inden. how eflected. 859.

Intensity of eenntione. 478 .

Intent ticnlu w tilngg 107.

1ntereoetnlu teflee.911.

Inh rcootnlmenden, 861 .

Interne!w .

Internnl medium.40.

Internal m pintion, 859. 886.

Intervertehnl 1118118.71.94.

Intervertehnl fommimt. 71.
Intentinnl digeetion. 840.

Intn»thoneic pressure. 857.

In1r1nehzhenrt 11m es, 948.

Iris. 191.

Irritehility . 91

Initable finance, 81.

Ischium. 79.

Jnw-boneo. 76.
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647.

Oxidationby ctngu .

Oxtdnüona inthe ßody.286, 428.

Oxygeninthe blood. 882.

Oxygenconmmecl daily . 874.

Pain. 567.

Palate bonn, 76.

Panmm . 867. aaa.

Papillnry muscles. 808 . 221.

Pupilla of 818.

Pumpeptone, 845.

Parot idglaud. 274. 815.

Purüal immo. 647.

Palcllu. 79.

Pathology . 1 .

Peus. 808.

Poclomlu ch, 77.

PeMc u ch. 79.

Pept in. 888.

Peptic glamh , 818.

Pcpionu . 11.

undi tory . 654.

Podesrdium. 808.

visual. 580:



Portal vein. 824

Posteriox tibialnrwry . 211.

Potaloes. 808

Potential energy , 282.

Pressure. intr»1homcic. 857.

Pressure same. 558 .

Primalea. 8.

Productionof hmt inBody . +49.

Prmmlion. 98.

Proofs of eir -alation.205.

Protecfim lia ues, 84.

Proteids‚ 10.

Protelds. oxidaflonof.427.

Protop1u m. 24.

h ynhioal oofi vitiu of con].
Psy0h0 physicd k w. 478.

Ptyalin, 885.

Pulmonary circq 214.

PcMonary arte1*y . 206.

Pulmonary veins, 207.

Pulse. 240.

Purkinje's experiment. 500.

Pas.48 .

Pylorm. 8 17. 810.

Pymmids o!Malpighi.408.

Qnalifies of sensation. 485.

Quantity of blood. 59.

Quantity of food twodml daily .

Radial artery . 210.

Radio nticnlntion. 87.

Radius.78.

Range of voice.008.
Rate of blood flow. 242

Reoeptacu1um chyli. 880.

Reoepüve thomas. 80.
Bochum. 822

Red blood corpmclcs.44. 58

Reflex actions.
Reflex convulsiom. 577.

Reflexes. aeqnired. 587.

INDEX .

Rend m ion. 400.

Bespintory movemenm857.

Sa n] plexus. 162
Seen! verbebre . 68 .

Saliva. uses of, 884.

Salivary ghmds. newes uf,

Salivin(ptyalin). 885.

Santorin1. eartih gee of. 597
8 51'00111C150 acid. 14, 125.

S&m>olemma‚
128.

617

Remoduction. 10.

Reproductive tim es. 84

Residml air. 885.

Resistance theory . 895.

Resonm ce. sympntlwtic. 549.

Reepimtion‚ 20. 852

M piration. chomistry of. 870.

Rcspil
'

l lion‚ nenmsof. 890.

Renpintory centre. 88 1.

Rotia memhmne. 541.

Retiform (ndenold) connectiw

tlesue. 106.

Radon. 487.

Rhyflnmic mowmenß. 808 .

Elbe, 72.

Rib w tilnge, 72

Rice, 808.
Right lymphafic duct . 880.

lügor mou ia. 480.

8065 and comes.488. 568.

Round tommen, 588 .

Running. 158.
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man. 84: of 11mm x . 8

Skin. 6. 412 : glands of.

g iene of, 420; new er

ia . 556 .

Skull. 72.

Small intestine, M ) .

Small. 567.

Sneezing . 402 .

Solar p lexus, 172 .

Solar spectrum . 495.

Soliditv. v isua l pewep

S ounds, 542.

Sounds of the heart , 222.

Sounds, resp iratory , 865.

Source of animal heat , 4.

Source of fats. 441 .

Source of glycogen, 440.

S ource of mumular worin

Source of urea . 433 .

S ourvcsof energy 10 Bo d

Special senses, 468 .

Spcciflc elements, 260.

Specific ncrve energ ies, 1

Spec tacles, 501.

Sphenoidbone, 75.

Spherical ah arration, 503 .

Spinal card. 158 ; conduc

57 583 ; functions of,
lnig tology of, 177; m er

of 157; psychical netiv

582.

Spinul accessory nerve , 1
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S pinat!norves, 160.

norve-roots, 160, 11

Splecn. 332.

Spontaneitv 23 .

Sporadw. g nnglia , 178.
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Toast.aoc
Tone. aennä om of. 542

Vmfllfl 10n. 871

Ventric1en 01

Touch.M an.of. 555 Vem ic»ulu

Trlgemlnalnerve. 170. Vertehm . 68

su l. 70; de

Trypeta. 267. 811. 69; m al. 61

Tuniouadm ütln. 217.
Turbim lc bonn, 76. Vm1ebml cola
'

l
‘

ympanlnhome. 580. 551.

Ulm . 78.

UlnarM ary. 210.

Undiflareutiated tim . 29.

Upper maxilla.76 .

Uroa. 12. 409.488.

Vertehnla , 8.

Vestibulo. 588
Vibrationa una

position01.5.
sorm om. 542

V1111of inteetin

Vision. color.5
\

’

i850fl pfi ftflß‚

Vision, 510reooe
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Wem]nis, 518 Wa ing kernele, 880.
Visml contra “. &5. Weber's uchema.
Viaunl peroeptions. 580. Weber'a law. 478.

Visual aeunlione. 506. 519: dum
110n of, 516 ; intensity of. 518
V ital copochy . 866.

Vitrw us humor , 491.
Vocal oouh . 597.

Voice.595.
Vomer.76.

Vowels. 608
Wnlkiug. 151.
Wandering cells, 106.

Warm. blooded animnla.
WM . 0011011111001. 25

Water. pewent.ge of. in

14.

White blood oorpmcleo. 17. 47.

59.

White am 11mm, 108.

Windpipe. 854.
Wrisberg. cartil.gc 01, 597.

e st. 79.

Xanlho—protelcwu , 10.

Yawning. 402.

Young’s theory of color vision.
519.

Zoological podüon01 man. 2.
Zymogen. 268.
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ent work unti l, finally. fully organi zed Sta1
the body of one of the higher uni:

early stage of life, mere collection of um
cells, each capable of multiplicatimx hy divisi
toleran evenly all its original protoplasm i
and with no specific individual endowment
The mass (Chap. II I. ) then difierenti:

various tissues, each with minant
duty ; of the cc

primi
pletely
Vertobmtee it seems certainthat

°

tha whi te bla
multiply by division: and insome cases (ia
tri tons, for example, ) l imb is reprodneecl after
but exactly what cells take part in such res

cesses is uncertain; we do not know if the old
cles left form new henee, old museleéihres

and so ou; though it is probable that th
tinted tissues(which we havewmpered— p. 60

the loolp out for anopening in life) build up 1.
InMammals no such restorationoecnrs; aner

may heel at the stump but does not grow
heal ing processes the connective tissues play tt
as we might expect ; thein° cel lular elements be

£rom their primi tive atate (p . 105) ca



BM OD (7077017 OF TYBBUES. 8

ply nnd develop. New blood capil laries, however, epront
out from the eidee of old, and new epidermis seems only
to be formed by the mul tiplicationof epidermi c cells; henee
the praetiee, recently adopted hy surgeons, of traneplanting
l i ttle hits of skin to points on the surface of an extensi ve
bnrnor nloer. Inboth blood capil laries andepidermis the
departnre from the primary nn<fiflerentiated cell is but
sl ight ; and, as regards the cuticle, one of the permanent
physiologi cal characters of the cells of the ratemucomm is

their mnltiph
'

cationthroughout the whole of li fe; that is
mai n physiological characteristie of the tissne: the same

is very probentrue of the protoplasmi c cells forming the
wal ls of the capillaries. Nerve-fibres are highly difierenti
ated, yet nerves rapidly nnite after division; th is, how
ever, occurs by modification of ammboid wandering cells
(p. 106) which al ign them elves with them. InMammals,
muscnlar andglaudnlar tiseneu eem never to be reproduced
after remove].
We find, then, aswe awend in the animal seele dim i n

ishing repmductive power inthe tissues generally : wi th the
increasing divisionof physiological lahor, with the changes
that fit pre

—eminently for one work, there ie e 1088 of other
facul ties, and this one among them . The more epoeinlizod

tissne the less the repmdnetive power of its elements, and
themostdiflerentiatedtissuesareei thernot repmdnoedatall
after injury, ar only by the speciali zationof amaaboid cells,
and not by a progeni tive activi ty of snrvivors of the same
kind as those destroyed. In none of the higher animals,
therefore, do we find mul tiplicationby simple divis ion , or
by buddi ng : no one cell , andno group of cells used for the
physiological maintenance of the individual , can bu ild up
a new complete l ivi ng being ; but the eontinnanee of the
race is specially provided for by setting apart certain
cel ls which shall have this one property—oells whose duty
is to the species andnot to any one representative of it—eu

essential]y al truistic element inthe otherwise egoistic whole.

Samuel Reproduction. Insome cases, especially among
inacctn, the speciali zed mprodnctive cells candevelop, euch
for itself, under suitable condi tions, and give rise to new



other in the eponn-oell
v

or epefm toeoon.
the two is known a.sferh

'

luation. Animals
am andqm atozca are bm whredale; than
only‚femalc; andthose spermatom only , mw

doubtful cases ofmonstrosity.

eva are produced is known as the ovary‚

epermatozoa, as the “stk orM ick ; hnt 1nd
of animnls many additional aecw ory parte
oped . Thun, inMammal ia, the oflzpring

‘

isn

wnsidemble portionof its early li fe within t!
mother, a special cavi ty, the «tm s orwomb‚

for this pnrpoee: the womb eommnnienteewi
by e pensngo, the vagma‚ and two tnhes,
or Fallopzantube», convey the eggs to it fror
In addition, mammary glcmds provide m i lk
iahrnent of the young inthe first months af
the male mammalwc findasnecessary repmd
the mm defa , which convey 011 from
eeminal finid. containing spernmtozoa; veezc
(not present inall Mammalia), m which the
letec before expulsion; p roelnle gland, v

secretion added to the semen; and an erect

penis, by which the ferti l izing liquid is con
body of the female.

arepnined tnhnlar glands, which lie in ponch
the scrotum. This ponch is subdivided inter
ti tioninto right amd left chamhem . ineach 01

chambers are lined insi de by sera

vaginalis, and this doubles back (1
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these, whennnrolled, are tube: from 15 to

inches) in length ; they tape: w hat from
meneemenm at the vaea eflerw tia, where they
(f., ineh ) in d iameter, to the othee end where
auto inthe ep idc

'

dymü(o, a, Fig . The la

row mass, sl ightly longer then the testiele

along the posterior side of that ergan, near tl
of which (g) it paseea into the vas dt!a
epididymis be curefnlly nnmveled it is found
tube ebont 8 me1em (20feet) in length , and
diameter from to mm. (f., to inch
The ma deferens (8 , F ig. 160) commences
part of the epididymis as sl ightly eoiled tnhe,

becomes straight andpm es up beneath the sl

the inner part of the groin , ti ll it gets above th
then, pessing through the abdominal walls, tm
beckwarde. anddownvvards, to the under side0
bladder, where it joins the dnct 01 the eeminnl
about meters (2 feet) in length and ml

indiameter.
The vm

'

cuhe seminales, two innnmher, are

roooptwlea whi ch lie, one oneach side, beneath
betweenit and the rectnrn. They are comme
cm. (2 inches) long and a l ittle more than a

w ide (or about inch) at their broadest part
rowed end of each entere the me defemns on ii

the tuhe formed hy the union being the ej cwu
which , after a eonrse of about an inch, enters
near the neck of the bladder.

Thep rostalcgland is a denee body about t
chesümt which snrronnds the eommeneement

thra; the ejacnlatory ducts pass through it.
made up of fihrons nnd unstr iped muecnlnr
contains also a number of smal l secrefing see

dg
fi £ agpen into the m ethra.



HALE BM ODU
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CTTVE ORGAN8. 7

The male wretlzm lemis from the hlm1der to the end of
the penis, where it terminatee in an opening, the meahw
urinarius. It isdeecrihedhy anetomists asmadeup of three
portione, the pmetatie, the memhranone‚ and the spongy.
The first is snrroundedby the prostate gland and receives
the ejacnlatory duets. Oh its posterior wall, close to the
bladder, is anelem tioncontaining erectile tissue (seebelow)
nnd enppmed to be dilated du ring eexnel eongreee, so as to
cut 08 the passage to the uri nary receptacle. Onth is creet
is anopening lead ing into a smal l reeeee, the utricle, which
is of interest, since the study of Embryology shows it to be
annndevelopedmale nteme. The eneceeding membranona

portion of the urethra is about cm. inch) long ; the
spongy portionlies inthe penis.
The penis is eompoeed mai nly of erectu

'

lc tisme, i.e.

tissues so arranged as to inclose cavi ties wh1ch can be dis

tended by blood . Covered outside by the skin , internally
it ismade up of three elongated cyl indrical maeeea, two of
which, the oorpom cavemosa , lie on its anterior side; the
third, the corpus spongicsum, anrronnds the methm and

l ies onthe postedor side of the organ formost of its length ;
nt, however, alone forms the terminal d ilatation, orglans, of
the penis. Each m us mwmwum is closely united to its
fel low inthe middle line andextendg from thepnhie hones,
to which it is attached behind , to the glane penis in front.
It is enveloped in a dense connective-tissne capenle from
which nnmerone ham, conta ining white fibroue, elastic, and
unstriped musca tim es, radiete and intersect in all

directions, div iding its interior into many irregnln cham
ber: called m auseinem . Into thesearteries convey blood,
which is carried 017by veine springing from them.

The arteries of the penis are suppl ied wi th vaeo—diletm
nerves (p. the nervt engcmtes, from the seem] plexus
(p. Under certain condi tions these are stim 11h ted

and
,
the arteries expanding, blood is ponred into the

venons sinuses iu ter thanthe veins drai n it ofi the latter
are probat also at the same time eompreeeed where they
lem e the penis by thewntraetionof certainmusclee passing
over them ; the orgm then becomes dmtended, rigid , and



and !orma n told‚ the y rm a , v hh h donhh

on: with the tz1a memh 1me of the urethr
the project ing posterior rim 01 the ghme, l

m y wh ewns glnnda.

Hintology ot the 'l'a tie and ita W

porting anepithelium ,
wh ich inearly life 11m

lining to the tnhe; inthe adul t the cells malt
11ea1

‘ly till the em ity. From these cells the
are formed. The seminal fleidisanalbumino

teining grann]es and q >em 1e

inedw ith the 1nieroeoope the ]
118 mp idly movingm inute obje
each eonsisting of 11 hroed 11

anda Blender vibratile teil or
are about mm. ine

The eeminal fluid isnot fully
it lem ee the sem iniferous tt
pletely developed epermetzoz

found in the vm mom, and

contents of the vasdeterene cu
found which have not yet fini1

dnotionof a epermatozoon; probab ly, therefm
iz ing l iqu id is first fully elaborated in the v
nales.

(a, Fig . 162) is denee oval mm about 8.

inehee) 1nlength , 2 cm. inch ) 1nwidth
inch ) in thickness; it weighs from 4
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—The viaeen of
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devel
enler

l ies e
The ch ief bulk of the Meran

it is lined intemally hy
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of which project from each side of itasthe brand l1
'

gzmmte

(ll, Fig. Opening onthe 1nterna.l mucona membrane
are the months of cloae set, simple or elightly branched ,
tnhnlar ghmde.

The vagina is a dietensihle pm ge, extending from the

nterns to the exter ior ; dorsally it reste onthe reeh1m, and

ventrally is incontact wi th the bladder and urethra. It 13

lmed by mneone membrane, containing mneoneglande, and
outside this is made up of areolar‚ erecti le, and unstriped
mnecular tim es. Around its lower endis ring of striated
mneenlnr tisane, the spln

'

ncter vag ina .

The va lue is general term for all the portions of the
female generative organs visible from the exterim . Over
the front of the pelvis the ski n iselevate<l by adipoee tiesne

beneath it, andforms themansVeneris. From this two folde
of ski n (1, F ig. the lab1

'

a maj ora, extend downwards
and backwards oneach side of amediencleft, beyöndwhich
they agai n nnite. Onseparating the lab iamajora a ehnllow

geniio—urinary sinus , into which the urethra and vagina
Open, is exposed . At the upper portion of this sinne lies
the ci1tart

'

e, a small and very sensitive erectile organ , resem
hling a miniatnre penis instructure, except that it has no
corpus spongiosum and is not traversed by the urethra.

From the cli toris desoend two folds of mncone membmne,
thenympha 01

° labia interna , betweenwh ich is the m tibule,

a reeees containing, above, the opening of the short female
urethra, and , below , the aperture of the vagina, which is in
the virgin more 01° less closed by thindnplicature 01 u m

cousmembrane, the hmmm.

Mi crosoop i e Structure of the Ovary . The main mass
of the ovary consiste of close connective» tiseue stroma ,
containing unstriped muscle, blood-vessels, and nervce: it
15 eovered externally by pecul iar germimzl ep 11hel mm,

nnd conta ins imbedded m it many minute cav ities, the
(Iraaj ianfolltcle&‚ inwh ich ova lie. If a th1u sect ionof an
every be exammedw ith the microse0pe many hundreds of
smal l Graafianfol licles, each about mm. inch ) in
diameter‚ wi ll be found imbedded in it near the mM
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l iquid fill
'

1ng the cavi ty of the foll icle. In the diem proh

W M 11, and nneleolns 01° genm
'

ual W»e. The omm

18 2 mm. 111011) 111 dimnetef its

better represented nt A, Fig. where 1t is seen60 e<memt
of 11 think outer coat 01° cel l wall , 11, wm the 1

M m 01° zona pe!I11cida ; v ithi 11 which is the
09“M M . cal led here the viteüusor yeü;
ngeänthe germinnl vesicle and spot.
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The externnl gea orgune inem in ä w , :

clitori: nnd nymphn heeome em tih The nterna

ripen, nndth evente treatedof inthet g pan

Ovulation. From pubefl y, dur ing the whole
bearing period of life, cer tain wmpmfl :ively

*
ver

Gm flanfolli cles may nearly alwaye be found eith1

m the enrface of the omry or projeeting en ite cl

These, hynm mnlntionof liquid wi thin them , have ]
distended tondiameter ot abont4mm. inch) ; 611111
th inned wall 01 the follicle givesway and the om m

chnrged, enrronndedby some cell: of the diecne pro]
'
The emptied follicle becomesfilledup wi th a reddish
mass of cel ls, and consti tutes the eorp 1u luteum,

recedeengai n to the interior of the every anddisnpp
three or four weeks

, unless pregnancy wenn; th
empas lntenm increasee for 11 time, andpae*siste dnri
greater part of the gestationperi od.
l lenetrnation. ovulationocean dnr

_

ing the een

of healthy woman at intervalnof about four weeks,
attended wi th important changes in other portions
generative apparatus. The ovaries nnd Fal lopian
becomesmngexted, and the fimhria of the letter am
and come into contact wi th the m ary so 118 to mm
an ci i Whether the fimhri& embrace the
11116 catch the ovnm, or mer e touch it at various
and the eva are swept along them by their eilin

cavi ty of the oviduct, is not certa in. Heving entev

Fal lopian tube the egg slowly passen on to the 1

pmhahly moved hy the eilia l ining the on
'

dnct.

womb , also. important changes occur at this time ;
comes w ollenund gorged with blood, especially its
mucona membrane and its glands. If the ovnm

nd ie passed ont. At the same til

part of the uterinemuconsmembrane is801
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hwehender n, und discharged along wi th moreor less blood,
constituting the mewses, or monthly eieknese, which eom«

monly la te from three to five days. During th is time the
vaginal secretion 18 11180 increased , nnd, mixed wi th the
blood dieeharged, more or less al tem its color, and usually
destroys its coagnlating power. Except during pregnancy
and while suckl ing. mensl:rnation 000a at the above
intervale, from puberty up to about the forty fifth year;
the periods thenbecome irregular, andfinally thediecharges

cease ; this is an indieetion that ovulation has eome to
an end, and the sexual l ife of the woman is completed.

Thm time, the climacter1
'

o or turn of l ife, ” is ori tieal

one; various local disorders are ept to supervene‚ and even
mental derangement.
Hy g iene of Menstruation. During menetruationthere

18 apt to be more 01
° less general discomfort andnervons ini

tah1lity ; the women isnot qui te herself, and those reepen
sible for her happiness ought to watch and tend her with
special solicitude, forbearanee, and tendernees, andprotect
her from anxiety and agi tation. Any strong emotion,
especial ly of 11 disegreeahle character, is apt to check the
flow, and this is always liable to be followed by seriouscon
eeqnenoee A enddenchill oftenhas the same efieet; henee
a menstruating woman ought always to bewerm clad, and

take more thannsual care to avoid draughtsor getting wet.
At these periods, also , the uterus isenlarged andheavy , and
being (118 may be seenin F ig. 163) hat sl ightly supported,
and that near 1ts lower end, it is esmcially apt to be die.

placed 01° d istorted ; it may ti l t forwards or sideways (ver
eiona of the uterus) , 01

° be heut where theneck and body of
the organ meet flm

'

on). Henee violent exercise at this
time should be avoided , though there is no reason why 11

properly clad womanshould not take her nmel daily walk.
Peinnmenetrnation(dysmenorrham) may be due to very

many eenees, but it 18 only wi thinrecent years that physi«
eians have come to recognize how oftenit dependsonnter1

'

ne

d18plaeemente‚ and ineuch cases how reedi itmay usually



ufter m
‘

onth until her health ie undermine
the trouhle will get hofier of itselt, whieh

To subm i t to theneeeaaary examinationand t
one of the othecr eex ia, to a refinedwomm ‚ l

be a mere eemre trial thanall the phygienl p :

eouragement andsupport thanthat whose ai

amount of velim ble pain women endure in
than runthe risk of being hxreed te eonsul

tor. 1! no ekilled pemonof her ownsex i

auflerer, if she do anything, is only too apt t
the 1mg trumß advertised insuch number far
plainte, ” 01

° to eoum lt a half-educated lady
novel “

school wi th tak ing title. The 11

th is, or doingnothing, is oftenpermanent m l:
unda l ife of ueelessnees, to those who might
happy wivee andmothers.
The abee1we of the menümal flow (m ono

mal during pregnancy and whi le suckling ; m

capable of ch ild-beanng. Umafly, how

appearanee of the menses at the propem peri
symptom, and one which cal ls for prompt
1111 auch cases it cannot be too strongly ir
womenthat the most dangerous thing to de i
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during a woman
’

e hie from puberty to tl

except during pregnancy or lactati on, when
may not resul t inimpregnation.

The exact parte takenby the male and te
respectiv e inthe formationof the embryo
with certainty ; seeing that the ovum in11111
the spermatozoonit isnot uncommonto spe:
as a more stimulant or em itant, arousing 1
dmolopmental activi ty ; but thedefinite chen
i11l1efi ted hy chi ldrenfrom the father show tl
tozoon 18 much more than that ; materials (1

are no doubt anessential consti tuent of the 0
which deve10ps into the new humanbeing.

Pregnancy . Whenthemulberrymassmac
cavi ty the maeons membrane lining the lattm
and forms 11 new, thick, very vaeeular lining
knownas the decidua. At one point 011 th
becomes attpehed, the decidua growing up a

pregnancy advances and the embryo grow ,

into the uterine cavi ty and pushes beim it tl

dec idua which has grown over it (the dead
about the end of the th ird month th is meet
lining the opposi te sides of the uterine cavi
grow together. That part of the (1d (dee

the mom la is first attached su
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dergoee 8 g u t development inconnectionwith the forum
tionof the plaeenh1 (see below) . Meanwhile thewholeuterus
enlarges; its museum coat especially thickens. At first

the organ sti ll lies wi thin the pelvis, where there is but
li ttle room for it; it accordine prem e onthe bladder aud

reetum (see Fig. 163 ) and the nervee inthe neighborhood,
frequently causing considerable discomfort or pain; and,
refiexly, often exciting nausea 01° vomi ting (the morning
sicknees of pregnancy). Later on, the pregnant womb
em pas higher into the abdominal cavi ty, andal though then
larger, the soft abdominal walls more readi make room for
it, and less discomfort is usual ly felt, though there may be
shortness of breath and palpitationof the heart from inter
foreh oe w ith the d iaphragmatic movements. All tight
gam ents should at th is time he especially avoided the

woman
’

e breathing is already aufliciently impeded, and the
pressure may also injure the develop ing chi ld . Meanwhile,
changes oecur elsewhere inthe Body. The breasts enlarge
amd hardmasees of developing glandular tissue canbe fel t in
them ; 111111 there may be mental symptomez deprm ion

,

anx iety, and anemotional nervons state.

During the whole period of gestation the woman is not
mer e supplying from her blood nutriment for the fmtus,
but also, through her lange und k idneys, getting rid of its
waatee; the resul t is strainon her whole system which , it
is true, she iswustructed to hear andwill carry wel l it in
good heal th , but which is sevem fel t if ehe be feeble ar
mfler ing from disease. Many 11 wife who m ight have led 11

long and happy l ife ismade 8 11 inval id or brought to pre
mature death, through being kept in chmnic state of

pregnancy. There 18 a general agreement that sexual con
tinenoe is possible and a. duty 111 unmarried men, but the
husband rare eonsiders that he should put any hounde 011
himself beyond those indicated by his ownpassions ; consid
erationfor his wife’

s heal th m ely enters his head in this
connection. The heal thy manied woman who endeavors
to ende motherho<>d because she thinks she Wi l l thus pre
serve her personal appearance‚ 01

° because she disl ikes the
trm1ble of a family, deeerves but li ttle sympathy; she is



110 doubt
woman is considerat greater than that of her Amei

eousin, and she hears and bringe up Inge fam i lie: 1

greater safety. Fw a huaband, who has reasm1 to bel
th11t child-hearing wil l injure his wife’

s health, to ah

share her much is 11 del iberate walk ing into temptation
Apart from pregnancy, monem er, a woman’

8 healt
often injured hy frequent eexual intereonme. A phyai1
who has 1111 118 118 ] opportuni ties of knowing states thm
has reasonto believe that not only is the act of sexual
greenat best, from physical point of view , memnuia

to the majori ty of women belonging to the more lazuri
chmses of aooiety after they attain the uge of Wenty
ar twenty—three, but that a very eonsidemfle pmpmüen.

fer acute pain from it such as, if !nequent, breaks down
general heal th. A loving woman , finding her higheä hu]
m inmflering for those dear to her, ism17 unlilcely to

her hmhand know this, so long aa she onnheu it ; bu

W inknovm it wi ll not‚ pe1 hepo‚ need m
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enter uponhm , but the tom tion o! ee: tainm
loot at or hdm hu th, andnnocntedvzth thep oteeh oou d

m b out the future longi tudinal t1e enddoM
hody, (A, Fig . Thisgroove etoagMes,mm m (B).

mm thus CM in is the W t 0! -Ü jjä 1 1

u is; from its hning ep iblu tic mlh tim hnind
card are developed , and 1ta cavi ty W M cu

MGi“ , ü düdfl lg the fifth (p.

dem tube the mm hlu t spli ts into m m M ,
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111118 ) develop into the walls of cheat and abdomen; further
out it t11rns up 111111 unehw over the back of the emb: yo. and
1te edges, there meeting, grow together and form 11 hag„the

amm
'

1m. enveloping the tmtns. Into this a considerable
quantity of liquid 18 seereted, inwh ich the fmtusfloats. At

birth the eontractionsof the uterus, pressing onthe amnion,
dr ive part of it down like a wedge into the neck of the
uterus, 111111 through its liquid contents 1111 equable preeeure
18 exerted there, until the 08 ulcri is tolerably dilate1i ; the
8110 thennormal ly ruptures andthe “wntere

”
escape. Some

times, however, 1111 infant is born still enveloped in the

amnion, which 18 thenpopularly known 118 8 mal. While
the develo‚üng , a semi cart1h1gmous md forms
along the um

'

s of the Body beneath the floor of the dorsal
tube ; th is is the nolochord; when1t appears the young being
18 marked out dist inctly 118 11 vertebrate animal, having 11 dor
8111neum l tube above 1111 axial skeleton‚ and veutml hama!

11468 (pt formed by the proximal regions of the somato
ploure, beneath it. The ventral tube, however, isstill wide
open, the points where the amniotic folds turn hack being
fer from meeting inthe future middle l ine of the cheat and
1111110111911.

The proximal portions of the splanehnoplenre incane to
inclose the ahmentary tube, which is at first straight and
aimp1e. Beyond the point where it bands infor th ispurpose
the splanehnopleure again divergm, 111111 in0108e8 11 8 111811

globular bag, the yelk sac‚ which 18 , thus, attached to the
ventml side of the al imentary 01111111; it at first projects
through the opening where the amniotic folds turnbook,
but has li ttle importaq inthe mammal ian embryo and 18
80011 absorbed .

The allentow is primari 8 11 outgrowth from the ali

mentary conta ining hlood-vessels. It passee out from
the Body 011 the ventral side where the somatopleures have
not yet met, 111111 teach ing the inside of the uterus, itsdist: 1l
endexpands there tomake themainpart of theplacenta (see
below). It8 narrow proximal portion forms the umbiliml

card, around which the somatopleures, incurving to ih
cloee the helly, meet at the novel some time before birth .
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htrth remain small , and ahke 111 b

[mbarty they begin to enlnge inthe !
developed form in that eex two m c

brm t3 , plwedonthe them A litt

around th e forme neolored eireße , tl

the aredmm‘
epink : they da he11 111 ti

the first pregnancy 111111 never qui te
hne. The mamnmry glamls are 13011

fifteento twe11ty distinct lobes, mode 1
from each main lebe 8 eepm fie 98 101

by the union of smaller branches f1
towards the 11 1pp1e, all oonverging
There each dilates and forms 11 81118
111 which the m i lk 111

1
1y tempm

*

arily
the ducts nanow again , and euch 06
opening on the nipp1e Imbeddmg
lobes of the ghmd 18 quanti ty od

wh1ch gives the whole breast its 101111
During maidenhaml the glandular

feetly developed 111111dorm11nt. Early
to inerm e 111 bulk , and the gl1md 10h
musse8 thmngh the m perjacent skin 1

on, however, their fnnctional
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established. The oi l-glohules of the m ilk am tormed by 11

sort of tutty degenerationof the glaud—eella, which finally
Iaüto pieoes; the crea1n is thus set fi e11 1n the Wl tery and

11111111111110118 secretion formed simul taneously, while newly
developed gland-cells take the place of those destroyed. In

the milk first secreted after 11000110h111e11t (theoolostrum) the
cell destruction18 incomplete , 111111many cel lsstil l Boat inthe
liquid, wh ich has 11 yellowish 00101 ; this first 1111111 116 18 as 11

purgative 011 the 111111 proba n thus serves 11 useful
purpose, 118 11 certain amount of substa11ee8 111111

other) , excreted by its organs 1111 1111g development, are found
111 the intestines at hirth .

Human mi lk 18 undoubtedly the best feed for an 111111111

inthe early months of life; 111111 to suck1e her child18 useful
to the mother 11 ehe be 11 heal thy woman. There is reason

to bel ieve that the processes of 1nvolntionhy which the large
1118 88 of 111 11813111111 111111other t18811e8 developed in the uterine
walls during pregnancy are broken down and absorbed.

take place more saf e to heal th it thenatural milk secretion
18 encouraged. Many womenrefuee to suckle their ch ildren
from 11 bel ief that 80 doing will injure their personal appear
auee, but skilled medical opinion 18 to the 00 1 trary eflect;

thenatural course of events 18 the best for this purpose,
unless 11111t11t1011 be too prolonged. Oi eonree 111 many e1wes

there are justifiahle grounds tor amother
’

snot undertakiug
thiépart of her duties; 11 physician18 the proper person to

In11 heal thy woman , not sachling her child , cm lation111111
me1mtrmttionrecommence about six weeks after cl1ilclbirth ;
11 nursing mother usually does not menstm ate (01° ten or

twelve months; the 11111111t should thenbe weaned .

When1111 111f1111t cannot be suck led by its mother 01 11 wet
11111

'

8e 11 11 impot matter 18 to deoidewhat 18 the best food
to substi tute. Good oov ’

e m i lk contains rather more late
than that of a woman, 111111much more case1n; the following
table gives averages 111 1000parts nf milk

Woman.

13q 8 3 5

Milk 8 11g1112 . . 445

Inorgantc matters 4.75



ref1memilk 1nwhk hmilk sngxr is auhetit1

m1lk immedtntely hefm%it 18 given to

m1lk is etandmg tor the oreum to nze it
11 li ttle eour ; the amount of thie eaurmilk

cre11111 is iteelf m hm whenmixedwith a

milk ; 1t eurriee wi th it, however, some of
development OMIBGS the wuring, and thi

volop andw ar 1111 the mi l]: it is added to
let stand.As the infant grmm older lese
may gradually he g1ven; after them ent!
110 addi tionof wa ter 18 11ecem y.

Inthe first weeksafierhirth it 18 110 1181

starchy feeds, 118 armwroot. The gm

starch paeses through the howele unch1
because the pancreas has not yet fully d
not commenced to make its etamh.ea

(p. Later on, starchy substaxwee

the diet with advantage, but it should 1
that they cannot form the chief part of tl
needs pmteids for the formationof its tin

these. Many inian
by being tod almost entirely
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111 the arterial W8 118 . 11
'

111011 thus luse their ela t iciw : the

1efraetit1g 1111-1118 uf the eye become more or less opuque:

the ri.111 11T 11: 11)1111V of the seuw-orgune ingeneral
11 1111 fattx degeneratiou. d im inish ing theirwork

111g p ower.
1 11

-
eure 111 m1111y tis.=ue3 . In the brain we find

—1gns u f les s plastieity : the
_

1
'

0111h in whom few l ines of

Ie :1<t resistance have been firmlv establ ished 18 ready to
1v eert

-

1-111es 111111 form new associations of 11198 8 : hat

t : 1e longe r he lives. the more ditfieult does this become 111
111111 . man past m iddle l1fe mav 110 good . or even 111

lw—t 1m rk.
hut almost 1nvariaMy insome l ine of thought

whteh he hi t" i lll'C‘illh
'

accepted : it is extreme rare for 1111

u hl 1118 11 tu take up 11 new study or change his views.

| 111111 h 111111h .11 S1
‘1t 11t 1f1e or other. Helme, as we l ive, we

l“te tul 11 1 l: 1 1111 11 11111 the t ising generation.

Death .

-\ ttt t° the ‚11 11110uf hte the t issues dwindle (01
.11 le .1—t th1 um .

—t one. m child
1-nnl ° 11 i em1eeivahle that . without death . th is process
111 11 1 unt il the Bml\ ' was reduced to its orig inal

:
°

n—e u | »1e «limen.
—i«ms.

ih -t
'

u t
'

e great 11111111111t11111 takes place. however. 11

-
11k111 111

'

11 the e11fw hled communi ty of
8 11-1 t t —t1e tormum the man18 unable to meet the

-ut ittge tte z
m f life. 111111 death supervenes.

“ It 13 8 5

1 tu 11:e : 1 In be born. Bacon wrote long since:

1
°

t1111112
‘11 11 e :1ll h111 111

'

it few re :1l ize the fact until the sum
1111 111 e .11111

'

l
'

n the pu ptlh1t
° inmg inntion the pmspect uf

«lt 1 H f! t: lt : 1 —w 1111e1! With thought s of extreme sufiering :

w r l:fe lteu ph
'

picture 8 forcible 8 1111 11gonizing
u f it . ne 1111 fru t1t the botli frame wi t!

11 hieh 11 1 : 1> —ne1111e11. A 11 matter of fact. dea th 18 proh
: 1h

‘

1 1 : 1 —ne t: 1h -d with immediate snfl’
ering . The

—e 11—Eh ih t ie : t1
°

e :: r:uhmllv 1111ll11 11 as the end approaches: the
ti. —tu» With the t‘e—t . lose

11111. hefnt‘e the hea rt tu heat . the indiv idual has
ln—t v u lt—e iu tt—tt1

The 1101 1111] mnnwnt u f 11e11111 lS lltl l'(1 to define : that of the
generall_1 u f the 11s 8 whole. may be takento be

the moment when the heart makes its last heat : arterial
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pressure then fa lls irretrievably, t he capillary circulat1mx
0011368 , and the tissues, 110 longer nourished from the blood,
gradually die, not 111] at one instant, but one after another.
according as their individual respiratory 01° other needs are
great or little.

Whtle death 18 the natural end of l ife, it isnot its aim

we should not live to die, ha t l ive prepnredto die. Life has
its duties and its legitimate pleawms, and we better play
out part rather hy attending to the fulfilmeut of the one

and the enjoyment of the other, than hy eoneentrating 11

n10rh1d and pm lyzing attentiononthe inevi table, with the
too frequent result of producing indifl'

erenee to the work
which l ies at hand for each. Our orgaus and faculties are

not talentawhich wemay juetifiahly leavennenwloyed; ewh
18 bou11d to (10 his heat with them, and so to l ive that he
may most ntihze them. Ah active, vigorous , dutiful, 1111
eelfieh hie is a good preparat1onfor death ; whenthat time,
at which we must pm from the realm control led by phys1.
010m 111 1115, approaches, whenthe hands tmmhle and the

eyes grow dim , when“
the gru shepper shal l be 11 burdeu

and desire shal l teil , then, surely, the eenscieusnese of

having “ quitted 113 l ike men”
111 the employment of our

faeult ies while they were eure to use, wi l l benomean001180

lation.
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Tendenz undBestimmung des Buche&

Bei der Bearbeitung des vorl iegenden km gefaßten Lehrt
Physiologie hat den Verfasser das Bestreben geleitet

,
fti r Ärzte

dierende ein Buch zu l iefern
,
welches in höherem Maße

, als di

meisten ähnl ichenWerkender Fall ist
,
den Bed ü rfni ssen d

t i schenA rz tes dienen soll .
In dieser Beziehung ist in al len Abschnitten an die Durst

normalen Vorgänge eine k urze S k i z z e der p ath o l og i s ch e 1
chung en ange fü g t. Dies hat denZweck

,
denBl ick des Lernen

von vornherein auf das Feld seiner spä teren ärztlichenWirks
lenken und ihn aufmerksam zu machen

,
inwieweit der krankha

eine Störung der normalen Vorgänge sei .

Andrerseits w ird dadurch auch dem p rak t i sch en A rz t
legenheit geboten, das ihm in seiner Tätigkeit inder Regel sch
bald ferner liegende th e o re t i sch e Geb i e t aufs neue mit Leich
rek a p i tu l i e ren. Er kann hier mühelos vondenkrankhat‘tenErscl
welche er behandelt

,
auf die normalen Vorgänge zurücksehaue

der Erkenntnis dieser neue Winke ftir die richtige Auffassung
handlung gewinnen.

Ganz besonders hat der Verfasser von diesem Gesichtsp1

al le jene Untemnchungsmethoden, welche auch von dem Preis
großem Vortei le verwertet werden können

,
und die in den 8 60

Physiologie 111 der Regel nur sehr kurz dargestellt werden, oi

behandelt. Es soll hier nur auf die Abschni tte hingewiesen werd1
untersuc hung g rap h i sch e Untersuchung des n o rma

k rank h a ft v eränder ten Herzst o ßes H e rztöne und

t äusche Pulslehre V enenpu l s T rans fusi on
nnd abw e i c h end e Atmung sg er ä usche V ent i l at i on
sh eh ung de r L uft in Wohnräum en Sputum Abwei

von den no rma l en V erd auungsp ro z essen Di ab e te s

471 Q 5



a n u n g F i e bernd e r Thermom e tr i e nndCa l o r imet r ic
Untersuchung des T r inkwass ers F l e i sch und

ers te ttbermäßiger Fet t und Fl e i s ch ansa tz und

1pfnng d i e Unte rsuch ung des no rma l en He roe s
timmnng a l l e r path o l og i s ch en Bes tand te i l e so w ie
1 krem ente U räm i e

,
Amm eni ä m ie

,
Ha rnsä nredy s

rankhat
'

te S törungen der H a rnre tent i on nnd Harn

path o l og i sch e A bw e i c hungen der S ch w e i ß und

en g a l v ani sch e Durchlei tnng d urch d i e Haut
H e i lg ymnast i k path o l o g i sc h e A b w e i c h ungender
nnk tionen La ryngo sko p i e nnd Rh i no sk op i e
der S timm und S prachbi ldnng ph y si o l og i sch e
der Anwendung der El e k t r i z i tä t zu He i l zwe ck en
ett enund e lek t r i sc h e A p p a ra te . Bei der Besprechung
nen Ne rv en und der verschiedenen Nervencentra ist

ne S k i z ze der pa th o l og i s ch enErsc h e inungen an den

efltgt. In bezug auf die Nervencentra ist besonders die

Re fl e x e d i e der L e i tungen in denCentra lorg anen
tmung soentrnms. nebst Beg ründung der H i l fe l e i stung
en die Gruppe der Ang ionenrosen berü ck si c h t ig t.
3 Gewicht ist ferner gelegt auf die ph y sio l og i sc h e Topo
Großhi rnobert

'

lä che b e im Mens c h enmit Rücksicht auf
termchnngen tiber die Lokal isation der Gehirnt'nnktionen.

9; auf die Physiologie der Sinneswerkzeuge ist nach gleichem
hren: die Refrak tionsanoma liendes A uges

,
die B r i l l en

!phtha lmosk0p ie ,
das O rth osk o p

,
die Fa rbenhlind

e p rak t i sc h e Bed eutung ders e l ben
,
ferner die Unt e r

ü be r d i e Funk tionen der ü br i gen S inneso rgane und

1m lichsten S tö rungen l iefern hierfür Belege . D ie Ent

eschichtehatnamentlich überal l denHemmung shi ldnng en,
1hmlichstenFormender Mißbildungen

‚
Rechnung getragen

nöglichst genauenZe itbestimmung inder Entw icklung mensch
3 .

Darstellung war es das Bestreben des Verfassers, mog lichst

ers i c h t l i c h zu sein. Weitschweifige Diskussionensind grund
ieden. Dabei ist im Äußeren überall die Anordnung 80 ge

1chon durch den Druck des Wichtigere und das rein normal
e hervortri tt . Auch kann zunächst der Anfänger ohne Stö
) logisch—physiologischenAbschnitte übergeben; der Studierende
sehen Semestern wird j edoch mit Vorteil von den letzteren
et der normalen t siologie repetieren.

rfasser hat es ferner für geraten befunden. einem j edenAh
Physiologie e inen kurzen Abriß der gesch i c ht l i ch en Ent



w i ck l ung der betretfendenDisziplin anzufügen
,
ebenso einen

uber die v e rg l e i c h end e Ph y si o l o g i e des Tierreiches.

die H i sto l og ie und m i k rosk op i sc h e Ana t om i e in j edem
eingehender berücksi ch tigt

,
als dies inden meisten phys iologie

büchern der Fal l zu se in pflegt.
Durch den hiermit entwickelten Grundp l an in der gesa

stel lung glaube ich das Erscheinendes vorl iegenden Werkes te

zu können.

Daßder entworfene Plan für die Darstellung keinFehlgrit
beweisenmir die v ie lfachen Besprechungen in denmedizinisch
vonNord undSüddeutschland

,
Österreich. der Schweiz, Ungarn

Frankrei ch
,
England

,
I tal ien

,
Skandinav ien

,
Anmrika

,
die das

Wohlwollen und Anerkennung beg rüßt haben.

Ganz besonders aber hat es denVerfasser gefreut. daßam:

Reihender Physiologendem Buche Beifal l gezollt worden ist.
11111 etwaige Bedenken derjenigen zn zerstreuen

,
welche v iel le:

versuchtenAnlehnung der Phys iologie an die praktischenZweig
kunde die wissenschaftliehe Hoheit unserer für die gesamte Med
mentalenDisziplin gefä hrdet sehenkönnten

,
gestatte ich mir 1311

aus einem Briefe eines unserer geistreichstennndeflnhrensüan1°

hierher zu setzen.

Wennj emand ein Handb uch veröf entlid t, wie dasjm

erste Hälfte von Ihnenj etzt vorliegt, dann hat er denDank

der Lernenden
,
sondern auch des Lehrers und Forschers. Uh

Ehrgeiz da rauf gerichtet ist, die drei bezeichnetenb
'

igm chaf
zu vereinigen, so sei Ihnen meinDank aus vollem Herzen

Ihre p athologischen Ausfümngm sind in ihrer geM ngtm

meisterhaft klar, daßich mir vonIhrem Buche dic heilsam t«

und Rück wirkung auch auf klinischem Gebiete versp reche.

Rom
,
10. Ap 1

°11 1879. Ihr ergebener Kollege Jac. Ma le

Wenn diese Worte sich erfüllen sollten
,
würde ich

schonstenLohnme ines Strebens sehen. Mir hat inmeiner ak:
L eh rtä t i g k e i t stets in e rs te r L ini e vorgeschweht, daßmein
inder gründl ichenVorbildnng ph y s i o l og i sc h denkendm Ä‘

muß. Und wennmanmir diesem me inenZiele gegenüber das st
gende Wort „w ir b i l d enPh y s i o l o g en

“ entgegenhaltenwollte .

mich dieses vonme iner Richtung als Lehrer nicht entwegen,
nun einmal fest glaube

,
um mit dem

°

'
Altmeister Herophüus zu 11

7011371» 8111711. 719611 1 , ei 111 1 ém*
1 RM .

Der Verlagshandhmg drängt es mich , me inen aufrichtige
Dank auszuspmchen fti r die stets bereite Geneigtheit, al lenWü
die schone Ausstattung des Buches in ausgiebigster Weise 1
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Vorwort zur elftenAuflage.

Als nach dem Tode Landois’ die Verlagshnehhandlnng d
rung an mich richtete

,
die neue Auflage des Landoissehen

der Physiologie zu bearbeiten
,
war es für mich ebenso sehr

der Dankbarke it gegen meinen von mir hochverehrten Lehr
Freude an einer großenAufgabe , die mich bestimmte. dieser A
Folge zu leisten. Hätte es sich darum gehandelt, etwa einnem

der Physiologie zu verfassen
,
so hätte ich meine Kräfte und

kaum ftir ausre ichend angesehen
,
um e ine derartige Aufgabe zu 1

Fiir die Bearbei tung des Land11ßschen Lehrbuches aber dort
zum mindesten aus dem Grunde für geeignet halten

,
wei l Lam

langen Jahren
,
in denen ich sein Ass istent war

,
hä ufig mit 111

Buch gesprochen und aueh inder letzten Zeit mehrfach me

über etwa erwünschte Änderungen des Buches eingefmdert

si1:htigt hatte. Se glaubte ich
,
daßes mir am ehesten gelingen

Werk indem S inne se ines Autors weiterznftthren.

Ich habe aber auch vonAnfang andie Schwierigkei ten
übernommenenAnfgahe ni cht unterschätzt ; wie groß diesea 1

ich ganz allerdings erst im Laufe der Bearbeitung erfahre1
Arbe it

,
die ich aufgewandt habe

, bin ich doch weit entfert
glauben

,
daßes mir gelungen sein könnte

,
di eser Schwierigk

völ lig Herr zu werdenzur Zufriedenheit aller
,
denendasLande.

buch wertvoll gewordenist. Für j edenRat nach dieser Richtun
ich stets aufrichtig dankbar sein.

Die ganze Anlage des Buches ist selbstverständlich dieselh
wie Landois sie getrofl

‘

en hat; sie hat sieh in den zahlre iche
und der weiten Verbre itung des Buches nicht nur inDentsehla
auch im Anslande als richtig erwiesen. Es war der wohl herechti
der Verlagsbnchhandlnng ‚

den Umfang des Buches
,
der in

Jahren sehr zugenommen hatte
,
wieder etwas einzusehritnken

daher, wo es nur angängig schien
,
Kürzungen vorgenomme1

sonders aber die Abschnitte über Histologie und mikrosk0piscl

eingeschränkt. Dem entsprechend lautet aueh der Titel des



er Physiologie des Menschen ohne den auf die H i stologie
ehe Anatomie bezügl ichen Zusatz . Ich habe mich j edoch
0 können, die betreffenden Abschnitte etwa ganz fortzu
i rd es manchem

,
der in dern Buche Auskunft sucht

,
er

vemigstens die wichtigsten und für die Physiologie be

unen Tatsachen aus der H istologie und mikroskopischen
usarnmengefaßt zu finden.

des Buches habe ich einer gründlichen Durcharbeitung
ihnmit dem heutigen Stande der Wissenschaft in Ü ber
bringen. VondenLandm

'

sschen Erben war der Verlags
liebenswürdigster Weise das Handexemplar Landois’

zur

lt worden
,
an welchem er bis kurz vor seinem Tode nu

stet hatte . Ich habe seine Eintrag ungennach Mög l ichkeit
) bwobl der Gesamteindruck des Buches unverändert ge
doeh der aufmerksame Leser die v ielfachenÄnderungen,

n worden sind
,
bemerken; nur sehr wenige Seiten des

z unverändert gebl ieben. Obwohl ich die Ze it
,
welche ar

ie Bearbe itung inAussicht genommenwar
,
erhebl ich über

var es mir doch nicht mögli ch
,
alle Abschnitte des Buches

wie es mir wohl erwünscht gewesen wäre . 80 s ind im
Capitel : Patholog ieohes, Vergleichendes, Hist orisches fast
w esentli che Änderungen gebl ieben; ich mußte eine Bear
wie aueh mancher anderer Abschnitte des Buches einer

vorbehalten. Besondere Schwierigkeiten bereiteten mir
el
,
in denen Landois auf Grund seiner eigenen Unter

speziellenc hauungen zum Ausdruck gebracht hat. Ich

für berechtigt, hier wesentl iche Änderungen vorzunehmen,
ng , daßLandm

'

s selbst
,
wenn es ihm noch beschieden ge

se Auflage seines Buches hemnszugeben‚
diese Abschnitte

rt gelassenhätte . Ich habe etwa abweichende Anschauungen
t aufgenommen, so daß ich holfe

,
daß der Leser auch

idee Bild unserer heutigenAnschauungen gewinnen wi rd .

ist das Literaturverzeicbnis, welches ich dem Buche zuge
Fehlen j eglicher Literaturnachweise ist

,
wie mir von

immer wieder vers ichert werden ist
,
vielfach als ein

b isschenLehrbuehes empfunden werden; es war dadurch
in dern Buche Auskunft suchte. die Mögl ichkeit sehr er

ife der angeführten Autom amen die Originalarbeiten ein

vies sich j edoch nicht als mög l ich , für j eden im Text
«uch den entsprechenden Li teraturnachwe is zu geben; das
nis hätte dann einen Umfang angenommen

,
der in

is zu dem Nutzen desselben gestanden hätte . Ich habe
mf beschränkt

,
besonders w ichtige Literaturnachweise zu



Vorwort zur elften Auflage.

geben, mit Hilfe deren eine weitere Orientierung leicht mög liei
weit die Autoren schon im Texte zitiert sind , ist der Kürze v

Titel der Arbe it weggelassen werden, da aus der Erwähnung
der Inhal t der Betrefl

‘

enden Abhandlung ers ichtl ich ist ; ich i

auch mehrfach A rbeiten in das li teratnrverzeiehnis aufgenom

im Texte nicht erwähnt wurden, aber gerade für die wei tere Ur.
wertvoll erschienen; bei diesen ist dann auch der Titel (01
kürzter Form) angegeben. Ich verhehle mir keineswegs, daßdi
Versuch eines Literaturverzeiehnisses viele Mängel aufweist

,

ich um Nachsicht bitte ; ich hoffe aber gleichwohl , daß des V

auch in dieser noch wenig vollkommenen Form die Brauehba
Buches für vi ele erhöhenwird Das lnhaltsverzeichnis habe in
l ich reichhaltiger gestaltet

,
damit es beim Nachschlagenmöglicl

leistet.
Zu großem Dank verpflichtet bin i ch al lendenen, welche mi:

abzüge ihrer A rbe iten haben zugeben lassen; ich knüpfe daran
mich auch weiterhiningleich liebensw ürdiger Weise unterstützen
Besonderen Dank schulde ich den Herren Ziemke und Mülle

freundliche Ü berlassung der Spektraltafel. Wenn die Fachger
eine etwaige weitere Auflage des Buches mir ihre Ratschläge 2

den lassen
,
mich auf Fehler oder Mängel aufmerksam machen vn

wü rde ich dafiir aufrichtig dankbar sein; ich verspreche die so

Prüfung und Berücksichtigung
,
soweit das nur immer moglich

Die Verlagsbnchhandlnng hat mir das weiteste Entgegenkon
wiesen, al len meinenWünschen und Vorschlägen freundliehstc

si0htigung zutei l werden lassen und mich bei der Bearbeitung (1

in v ielfacher Weise unterstützt. Es ist mir e ine große Freude
,
der

l»uchhandlung auch an dieser S telle dafür meinenDank sagen
Möge die neue Auflage des Lehrbuches sich der voranfgc

würdig erweisen
,
möge sie dem Buche die alten Freunde erh

neue gewinnen!

Münster i. W. ,
im Mai 1905.

R . Rosen
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98. Die Mundhöhle und ihre Drüsen. Die Speicheldrüsen. Veränderung de

bei der
'
1‘Etigkeit

99. Die Innerntionder Sp eichel drüsen
ICK) . Eigenechetten und Zusammensetzung des 8peichels
101. Pbysiologieche Wirkungen des Speichel:
102 . Die Kanbewegnng (Mu ticstio)
108 . ih m und Entwicklung der Zähne
104. &blingbewegung (Degluta60)
106. Bewegungen des Magens. Das Erbrechen
106.

107. Entleerung dee Rotes (Exeretio (am )
Literatur (597— 107)
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109 Der hingensafl
1 10. Sekretion des Magensaflqm
111 . Vorgang der Magenverdauung und die Verdnuungsprodnh e
112. Bau des Pnnkrens. Absondemng des Pankreum ßes
113 . Der Pnnkreu saft

1 14. Verdnuende Wirkung des Pankrm snßee
Literatur (5108— 1 14)

116 Bau der Leber
116. Chemische Bestandteile der Leberzel len
H
g

. Die Zuekmharnm hr. Experimentelle Glykosnrien
1 1

119. Die Absenderung und Am eheidung der Galle
120. a fiekanfsaugung der Galle ; Erscheinungender Gelhencht (Ih em s ; 0
121.

122.

128 . Die Gä rungnereetznngen im Dam e durch Mi kroorganismen. Die Du ra;

124. Vorgänge im Diekdarme. Bildung der Faecee
125. Kmnkhafte Abweichungen der Verdauungeti tigkeiten
126 . Vergleichendes
127.

Literatur (51 15— 127)
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170. Eiweiß im Herne (A1bnminnrie)
171. Blut und Blutfarbstofl

‘

im Herne (Hämetnrie ; Himoglobinurie)
172. Gullenheflnndieile irn Ham e (Cholurie)
173 . Zucker im Herne

174. Sedinmnte im Harne

175.

Literatur (5 158— 175)
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1

2
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1
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.
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206 Künstliche Herabsetzung der Körpertemperatur
Historisches. Verg ieiehendee
Literatur (5193—207



L. A. Abhnndluugen der mathematisch
natnrwissw sehaftliehenKlasse der könig i
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1. Begriff, Aufgabe undStellung der Physiolo

zu den verwandtenZweigender Naturkunde .

Die Ph y s i o l og i e ist die W i ssens c h a ft von den

sei miuung eu der O rgani smen. oder schlechtweg : d i e L .

L e ben. Der Eintei lung der Geschöpi
’

e entsprechend untersch
T i erph y si o l og i e ,

Pflauzeuphy siolog i e und die Ph y s io
ni ed e rsten L e b e w e s en, wel che auf der Grenze vonTier t

stehen, der sogenanntenProt isteu‚ und der mit ihnen auf g17

stehenden Elementarorg anismen oder Z e l l en.

Aufgabe der Physiologie ist es
,
die Ers c h e inungen 4

festzuste l l en, ihre Ge s e tzmä ß i g k e i t und U rsa ch en zu h

und sie auf die a l l geme inen Grund gesetz e der Na turi
mentlich auf die der P h y si k und Ch em i e zurü c k zufüh ren.

Die S te l l ung der Physiolog ie zu denverwandtenZweigen
kunde ergibt sich aus naehfolgeudem Schema.

B i o logi e
,

di e W i ssensch a ft v on den organi si er ten W esen, den Geech l
(Tiere, P fl anzen. P roti ston und Elem enh uorg ani srnen.)

Morphologie : ll. Physiologie

Die Lehre von der Gest a l tung der Die Lehre von denLeb en
nung ender Goechi

A l l gem e ine S p ezi e l le A l l gem e ine

Morp h o log i e, Morp h o log i e. P h y si o log i e,
Lehre von den Lehre von den Lehre von den

g efo rm tp Te i len und Lehene V err
G rund O rganen der er eche inung en

b estendte i i en Geschöp i
'

e

der Geschöpt
'

e (0rg unolog i e, a l l gem einen

(Hi sto l og i e) : Ana tom i e) a ) der Pflanzen,
Histologie der Ph y totom ie, b) der Tiere.

b) Z ootom i e.

b ) Histologie der Tiere.

L endo i o—B on mnnn, Phy cio io' ie . 14. Aufl.
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Denken wir uns denTeilungsprozeß an den Partikeln
geführt

,
so gelangen wir endlich bis zu einer Grenze, iiber die

weitere Spaltung weder durch mechanische noch auch durch
sikaliscbe Mittel ausgeführt werden kann. Wir dringen vor

M o l ek ü l en. Ein M o l e k ü l ist d emnac h die ge r ingste M.

K ö rpers
,
w e l c h e im fre i enZustand e no c h ex i st i erenk .

ferner inder Einheit ni c h t meh r denA gg re ga t zust and z
Die Molek ü le sind noch nicht die letztenEinheitender K

mehr besteht j edes Molekü l aus einer Gruppe kleinster Binhe
wir A tome nennen. Ein Atom fii r sich kann im freien Zu1
vorkommen

, vielmehr vere inigen sich die Atome mit meter

oder verschiedenenAtomen zu Atomkomplexen, die wir Molek
haben. Den Atomen kommt unbedingte lfnteilbsrkeit zu

,
danc

Benennung. Wir denken uns ferner die Atome von konstanter
an sich fest . Vom chemischenGesichtspunkte aus ist das

El ementes die geringste M enge d esse l ben
,
w e l c he in

m i sc h e V e rb ind ung e inzutre ten v ermag. Se wie die

Materie als ihre letzten Teilchen die pondernbleu Atome i
so setzt sich auch der Ä th e r

,
die imponderable Materie

,
m

k leinsten Tei lchen
,
denÄthera tomen zusammen.

Innerhalb der mnderablenMaterie sind nundie ponderi
mit den Ätheratomeu in ganz bestimmten Verhältnissen zue:

geordnet. Die poudernblen Atome ziehen sich gegenseitig zu

derablenAtome ziehen gleichfalls die immnderablenÄtheraton
die Ätheratome stoßen sich untereinander ab. So kommt es

,

ponderablen Materie um jedes ponderable Atom sich Ätherat
Die ponderablen Atome streben verw

zie u skrat
'

t zueinander hin
,
aber nur so weit

,
als die Abstoßu

lagern eu Ätheratome es zugibt. So können die mnderablenAtt
ohne Zwischenräume sich zusammenlegern, sondern die ganze
als locker gedacht werden, eben durch die zwischengelage
atome, welche jedem unmittelbarenKontakte der ponderablenA

Von der gegenseitigen Anordnung der M o l ek ü l e hän
A gg rega tzustand der K ö rp e r ab.

Die festen K ö rp e r haben ein e i genes nicht leicht ve
V o l umen und e i g ene Fo rm,

in weitem Maße unabhängig v
gebung . In den festen Körpern sind die Moleküle in beetim

lei cht veränderlieher Lage zueinander angeordnet.
Die tropt

'

ba r fl ü ssi genK ö rp e r habenebenfalls ein eig
leicht veränderliches V o lumen. aber k e ine e i gene Fo rm

,

v ielmehr vonder Umgebung bestimmt . In den flüssigenKörpq
sich die Molekü le in einer stetenBewegung

,
ähnli ch wie inci

wimmelnder Würmer oder Käfer die einzelnenTiere unublässi,
zueinander wechseln.

Die ga s fö rm i gen K ö rp e r haben w ed e r ein e i genes
noch e ine e i gene Fo rm ; sie fül len j eden ihnendargeboteuel
bel iebiger Form gle ichmäßig aus. In den gasförmigen Körp
Bewegung der Moleküle so große Exkursionen angenommen, d
einanderstieben

,
ähnl ich w ie der wimmelnde Haufen kleine

einem aufgelösten Schwarme auseinanderfliegt.



1 einer Ursache , welche den Vorgang bewirkt ; diese Ursaeh

wir K raft. Die Ersche inungen sind also der wehrnebmbare Ana
r auf die Materie wirkenden Kräfte . Die Kräfte selbst sind niei
uber, sie sind die Ursache der Ersebeinu eu.

er Kerper beharrt
,
so l ang e k e ine Kra t auf ihn einw i rk

u augenblickliehenBewegungszustande (Gese t z der T rä g h e i t
inRuhe

,
wenn er sich inRuhe befindet (Geschwindigkeit 0

seine Geschwindigkeit unverändert bei , wenn er sich inBew
indet. Wirkt eine Kraft wiihrend einer gewissen Zeit auf eine
in (auf den keine anderen Kräfte einwirken), so ändert sich (1

gszustand des Körpers : er bekommt e ine gewisse Geschwindigkei
sich vorher inRuhe befand , oder er ändert seine Gesehwindigkei
sich bereits inBewegung befand . Die Änderung der Geeehwindigke
3iteiuheit nennt man die Be sc h l eunigung ; sie ist pos itiv , wen
bwindigkeit des Körpers zugenommen hat (von0 Ruhe

,
od

r bestimmtenGeschwindigkeit aus), negativ. wenndie Gesehwi
les Körpers abgenommen hat. Das Maß der K ra ft P ist de
aus der Masse M und der Beschleunigung 9; also P = M . p.

lem sogenanntenZ entim e t er -G ram m - S e k und en-Maß sy s tem (G. G. S .
-Mn

t die Einheit der Länge des Zentimeter, die Einheit der Masse des Gramm. d
r Zei t die Sekunde. Einheit der Kraft ist danach diejenige Kraft. welche 0
einem Gramm wiihrend einer Sekunde die Beschleunigung 1 c-m pro 8eknm
se Einhei t der Kraft wird 1 D y ne genannt.
S ch w er k r a ft ander Oberfläche der Erde erteilt einem Körper in einer Sekun
.nnigung g = 9.80m ; die auf einen Körper von der Masse M an der Oberflc

wirkende Kraft ist also = M. g . Die Kraft, mi t welcher ein Körper von der En
wird, bezeichnet manals dasGewicht des Körpers. dasselbe ist also ebentinils M.

0. G. S .
—Meßsystern ist die Kraft, mit der ein Körper von der Masse 1 9 v

mgezogen wird (B eschleunigung g = 9,80m = 980m ) 980Dynen.

frei fa llender Körper erlangt unter dem Einflußder Schwer kraft naeh 1 Sekani
*indigkeit g = 9,80m, nach t Sekunden die Geschwindigkeit v = t . g , die G

nit ist also proportiona l der verflosm en Zeit. Die znrtickgelegte Strecke , (1

ist also proportional dem Q uadrat der Zeit. Aus den beidenGleichung
2

V

V28 8 0116 8 °

é
—
g

nu eine Kraft ihrenAngriti
'

spunkt unte r Ü berwindung e ine
ng esetzt ge r i c h t e ten K ra ft o d e r ü b e rh aup t e ines W i d e
l äng s e ines best immten W e ge s v e rs c h oben ha t

,
so 11.

Bi t ge l e i stet ; die Gro ß e der A rbe i t wird bestimmt durch dt

aus der Länge des zurückgelegtenWeges s und der Größe (1

also A = P . s. Als Arbei tseinheit gilt die Arbe it, welehe nöt
kg e inenMeter hoch zu heben; diese Arbeitseinhe it he ißt K i l

ater.

0. G. S .
-Maßsystem gilt als Arbdtseinhei t diejenige Arbeit. welche zur Che

ar Kraft von 1 Dyne liinge 1 cm nötig ist ; diese Einheit heißt 1 Er g . Fiir grüfie
mt man als Einheit nich t die Dyne, sondern eine Kraft, welche 1 kg pro Sekum

sunigung 1 m erteilt ; sie ist 100000 10‘Dynen; die Arbei t, welche zur Ü be
lieser Kraft längs l m nötig ist. heißt 1 J ou l e = 10" Erg . 1 Ki logramm“
oule.

rkt eine Kraft auf einen Körper ein
,
ohne dabei eine ande1

er einen anderenWiderstand zu überwinden als den
,
welche



der Kerper infolge seiner Trägheit einer Änderung se ines
zustandes setzt

,
so erlangt der Körper unter der Einwirkung

länge e ines bestimmten Weg es eine gewisse Gesehwindigk.
Kraft = P

,
die Masse des Körpers = M

‚
die Besehleunigm

ist nach Zurück legung des s die Geschwindigkeit des
v : V2 cps; mithin
v‘= 2es

und da M9= P
‚
so folgt

MV’

2

Mv '
Der Ausdruck w ird als „l e b end i ge k ra ft“ bez

2

Ausdruck Ps beze ichnete die Arbeit der Kraft P längs des W
Die F äh i g k e i t

,
A rb e i t zu l e i sten

,
nennt man Eu

Körpemystem kannEnergie besitzen entweder infolge der

Tei le : Ene rg i e der Lage
,
p o tent i e l l e Energ i e, S pannkra

folg e se iner Bewegung
,
seiner lebendigen Kraft : Ene rg i e

gung
,
k inet i sc he Ene rg i e . PotentielleEnergie enthält z. B. ei

Last infolge ihrer Lage zum Mittelpunkt der Erde : stürzt si

Höhe herunter, so vermag sie Arbe it zu leisten. Potentiel le
hält eine gespannte Feder : bei ihrer Entspannung vermag sit

leisten (daher der Name Spaunkrnt
’
t
,
der zuweilen ftir potenti

überhaupt gebraucht w ird). K inetische Energie enthält j ede ir
befindliche Masse, so z. B. die von einer gewissen Höhe lie
Last, die mit einer bestimmtenGeschwindigkeit untenankomu

spiel der von einer gewissen Höhe herubi
'

allenden Last zeigt
gung von p otentiel ler in kinetische Energie : die oben rubendr

hält potentiel le Energie
,
der Betrag derselben ist gleich der Ar

forderlich war
,
die Last auf die Höhe zu heben

,

mit e iner gew issen Geschwindigke it ankommende Last enthä l
Energie

,
der Betrag derselbenist gleich der lebendigenKraft (1

1

Masse
,
also gleich Ä

1

2
L

_ Nach der oben angegebenenGleichung
beidenWerte gleich : die potentiel le Energ ie der oben ruhend
also ganz tibergefiihrt in die k inetische Energie der unten m

wissenGeschwindigkeit ankommenden Lest.
Ein Beispiel fiir die a bw e ch se lnd e Umwandlung potentieller Enemi

und umgekehrt liefert die Pendd egnng . Die indem höchsten Punkte
sich befindende Pendellinse . welche hier fiir einenMoment in absoluter
werden kann, enthält (wie die gehobene Last des obigenBeispiele) potentiell
der Schwingung des Pendels setzt sich diese in kinetische Energie um ; wc

mi t größter Geschwindigkeit durch die Vertikale geht , ist alle potentielle
Energie umgewandelt. Steigt nunmehr das Pendel wieder in die Höhe. so

nahwe der Geschwindigkeit die kinetische Energie wieder in potentielle un
Ohne die Einwirkung der Widerstände (Luitwider9tani Reibung) wurde diese
Energ iefmm sich andauernd wiederholen.

Wenn sich in einem Systeme die e inzelnen Tei le de

Gleichgewichteh ge nähern, so nimmt indem System die k inetia
auf Kostender potentiel len zu; wenn sich die einzelnen Tei
Gleiclngewiehtslage entfernen, so nimmt umgekehfl die potenti
auf Kostender k inetischenzu.

Die Umwandlung der einenEnergieform in die enden
q uant i t at i v nach b e s t imm ten Ve rh ä l tni ssen vor sich ; 1
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4. Das Leben. Tier und Pflanze.

Von den Vorgängen inder unb e l eb ten N a tur schei1
erstenBlick die Vorgänge in der b e l e b ten N atur prinzipiell
zu se in

,
eine Reihe vonErscheinungen

,
wie Wachstum

,
F

Eigenbewegung, Empfindung usw.
, die wir anden belebten

achten, kommen inder unbelebten Natur nicht vor. Diese Er
lassen sich alle wieder zurückftihren auf eine Gesamthei t von
die filt die lebendenWesen charakteristisch sind und, solangi
währt. stets be i ihnengefundenwerden: die Vorgänge des S to
Die lebendenWesenhabendie Fähigkeit

,
denStoti zu wechseln

aus ihrer Umgebung aufzunehmen
,
zuM ndteilen ihres Le ibe

und wieder nach außen abzugeben.

Die Be d eutung dieser Vorgänge ftir die lebenden W
zweifache. Einmal wird durch den S toifweehsel den lebenden
S t o ff zugeführt, den sie zum Aufbau ihres Leibes bedürfen.

ausgewechsenen Organismen geben dauernd im Laufe des I.
zugrunde

,
die durch neue ersetzt werdenmüssen: das dazu

terial muß immer wieder von neuem inder Nahrung zugeft

Soweit dieses Material von anderen lebendenWesen stamn
'

l
‘ier oder Pflanzenreicbe) ‚

mußes erst einer weitgehenden
unterzo;;en werden,

ehe es zur Aufnahme in den Körper
Vielfältige Erfahrungen 5

,
beweisen es

,
daß die

Substanzen, die die Zel len eines bestimmten Lebewesens zusa

vor al len andern die Eiweißstoti'e durch einen besonderenA
großenMoleküls aus einfacherenBausteinen charakterisiert si
einzelnenA rt (v ielleicht sogar j edem einzelnenIndiv iduum?)
ist. Diese ihre Arte ig eut iimliehke it halten die lebenden
rend ihres ganzen Lebens mit großer Zähigkeit fest . Das in
eingeführte a rtt

'

remde Material muß daher zunächst dur<
dauungs und Resorptionsorgam soweit zerlegt werden,

bis

teristiscbe Aufbau des Moleküls zerstört und ein iudi t
'

feren

gesebafl
‘

en ist
,
das nunmehr dem Körper dargeboten werden

ihm baut der Organismus dann wieder das ihm zukommende
seinen cbarakteristiseben Arteigentiirnliehkeiten auf und verw
zum Aufbau seiner Körperzellen.

Mit dem S toffwe ch se l ist aber zweitens regelmäß ig ei

w e c h s e l verbunden. der denLebewesen die hir den Betrieb
vorgänge erforderl iche Ene rg i e l iefert . Dieser Energieweehse
a l l en l e b endenW esen, T ieren und P fl anz en im g le ic

näml ich inder Weise. daßpotentielle chemische Energie ko
sammengesetzter Stoti

'

e umgesetzt wird in kinetische Euer;
Unterhaltung der Lebensvorgänge dient und in verschiedener
außen abgegeben wird . Die T i ere nehmen in ihrer Nah
Wasser und Salzen

,
deren Bedeutung ausschl ießlich stofl

’

lic

E
'

weißkörper, Fette und Kohlebydrnte auf
,
Stoffe , die infolge

plizierten chemischen Aufbaues reichl iche c h em i sch e Sp
ch em i sch e po tent i e l le Ene rg i e in sich enthalten. Im tiet ie
werden diese kompl iziertenVerbindungenin einfache g espa l
Hi lfe des eingeatmeten Sauerstoti's oxy diert; die End rodak
wechsels

,
die schließlich nach außen abgegeben wer en

,
si

spanukrnftfreie Verbindungen, wie CD„H,O,
oder doch ve



:me Verbindungen, wie z. B. Harnstofl
‘

. Die chemis che Spann

r Lebensvorgänge eine Abgabe von kinetischer Energ ie in

Wärme ist vielßdtig uuehgewiesen. Al1erding wird bei e inem
1 der Pflanzen, näml ich bei allen g rünen Pflanzen, dieser

verdeckt durch einen gleichzeitig vorhandenen
,
aber in

eaetzter Ri c h tung v e rl aufend en Energiewecbsel. Die

vermö„ren mit dem Ch l o roph y l l ihrer Blätter k ine
”g ie des Sonnenlichtes aufzunehmen; zugleich nehmen sie

also spaunkrat
'

t10se Verbindungen in sich
1 Wasser, einfache stickstofi

'

heltige Stofi
‘

e des Bodens .

der kinetischen Energie des Souneuliehtes wird aus

ndangen der Suuerstofl ebgespulten (Reduk t i on),
Pfleuseu ausgeatmet wird , und es werden die

f“ kraftreiebeu Kob1ebydrate , Fette undE1weißk a

1.s findet hier also ein Energieweebsel in

quantitaü
'

v be i den grünen Pflanzen di eser
1se1 dengleiehzeitig verbundenen, eu gerichteten

«ri 1neller zu k1net1 ber Energie ; im Dunkeln abe
r,

1wrla
bei den chlorophyllosenPflanzen, die überhaupt weht

111eulicht-Euergie befähigt sind
,
tritt dim r

D ie Umw and lung von po tent i e l ler
r Bue rg 1e iu k ine t isc h e Ene rg i e i s t a l so e ine a llen

u g eme insame Ei gensch a ft. Die hierfür erforderliche ehe

1rgie kem iziert zusemmengesetzter Verbindungen muß
ehlmopby l Pflanzenals solche geliefert werden die eh

sie sieh seh unter Verwendung der

1 d®\ onnenhebt uuznhereiten. Die Tiere und cblmo

1 1 sind daher auf die organische Substanz anderer Lebt»
zuletzt auf die grünenPflanzen angewiesen. In l e tzter 1 11
m ulie l e bend enW esen vom Sonnenlicb te.

w m rbenierlnr potentieller Energie zu kinefi : rhor Energie erßk t
r Uun ndlung ku pül iefl uum mM r chemischer Stofl

'

e in einh dm ;

oh nmb he Umv a dlung herbt-iuufl lm . ist dnhu gleirhh lls alheu ß c.deri
1 t i. l'lnnu . geneinsnn Due mn ndlm h nnenh ei c dunh e

'

un M
. B. des N nbm nrkm in m m oder durch

mit fl x
_
v dfl i on erfolgen (a. B. der Mik hsi un zu RnB .

m . Gefi n nng hnetisrber Energie “

m v i hrc. l ihres p m Lebens m l S p ul tuug en nlloi n

an ime. sind vgl. 92 1. so B. die in sa uerstofüeic [
'

n



Die Gewinnung chemischer Energie aus der kinefienhen Energie des 81

d o \g i im 0rgunismne der grünenPflanzen dureh die chemieohenVorgänge der 11

m allein zu. sie findet sich ebenfalls bei allen Lebewesen, so aueh bei

\ m Körper der höheren Tiere sind zublreithe Umsetzungen bekannt , die mit

tz. B. Entstehung von Fett aus Koblehydraten, vgl. oder Synthese (S .

des Harnstnßs ans Kohlensäure und Ammoniak , vgl . 5161, Bi ldung von Hippu
Glykokoll und Benzoösüure. vgl. 5165) einhergebm . Die hiefür erforderliche E
allerdings der tierische Körper beziehen aus der ch em i sc h en Energie sein
durch gleichzeitig ablaufende Spaltung undOxy dation, eine Verwendung kinetise
zum Zwecke der Reduktion und Synthese, wie bei den grünen Pflanzen, ist in

Körper nich t beobachtet. Es gibt aber unch im Organismus der g ünen Pflanzen
die nicht unter direkter Verwendung kinefiecimr Energie des Sonnenlic er£blg v

unter Verbrauch chem ischer Energie. die durch gleichzeitige Verbrennung etwa
hydratengewonnen wird ; indirekt stammt natürlich auch diese Energie schließli 1
Sonnenlicht».

D ie Vo rg äng e des Energ ieweehsels in den l e b end e :
v o l l z i e h en si e h nach d ense l benquant i ta t i v enVerbä 1tni :
inder unbe l eb tenN a tur : das Ge set z vonder E rh a l tung d
g i e g i l t inder b e l e b tenNa tur e b enso w ie inder nu be1<

Es ist die Aufgabe der Physiolog ie , die Erscheinungen, w
inder belebten Natur wahrnehmen, auf die Kräfte der unbelebt
zurückzuführen und nach den 1111' diese gefundenenGesetzen zu

Eine sogenannte „ ,
L e bensk raft“ welche nach einer früher

breiteten Annahme inden belebtenWesen wirken und in die Är
der Kräfte der unbelebtenNatur inungesetzmäßiger unddaher 111
l ieber Weise eingreifen sollte

,
ex istiert nicht.

Wennwir zur Ze it gleichwohl eine große Zahl von Lebe .

nungenni cht auf die uns bekanntenNnturkrii i
‘

te zurückzuführen1

so ist das einerseits dadurch bedingt, daßder sehr verwickelte A
k leinsten Tei le der lebendenWesendeu Einbl ick indas Zustand
der Ersche inungen erschwert oder noch unmögl ich macht

,
3

dadurch
,
daß auch unsere Kenntnisse von den Kräften der 11

Natur und ihrenWirkungen noch beschränkt sind. Wir könn
mit Sicherhe it annehmen,

daß mit fortschreitender Erkenntnis
heit der in der belebten und unbelebtenNatur wirkenden Krä i
deutlicher sich ergeben wird , bis schließlich alle Em heinungen
anden lebendenWesenwahrnehmen, ebenso als gesetzrnäßige Ä1
der Naturkrä t

'

te erkannt sind , wie die Vorgänge inder unbelebt
Von densinnl ich wahrnebmburcu Lebensersebeinungensind

trennendie p s y ch i sch en(mit Bewußtsein verknüpften) Vorg än
könnennicht sinnl ich wahrgenommen werden, sondern jedes In
dem sie zukommen,

w ird sich derselben unmittelbar bewußt .
Gegenstand der Naturwiss%schuft nur die sinnl ich wuhrnebmba
rielle) Welt ist, gehörendie psychischen Vorgänge als solche 11

zum Gebiet der Naturwisseuschni’t. Das Wesender psychischen
ihr Zustandekommen und ihre Beziehungen zur materiel lenWelt
nicht nur zur Zeit unbegreii

‘

lich, sondern werden es der Natur 1

nach auch stets bleiben.



https://www.forgottenbooks.com/join


2. wAminog lutur ei nre, G iutnm i ns i nr e,
— CD UH
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'

m
a

OH
,
—OOOH.

II. Diuminoei uren.

1. a 6 Di aminovul er iune i ure‚ Orni th in,
— OH

,
—OH

,
—OOOH

stets vereinigt mi t dem G uunidinreet (Gnau idin(ilN) t
als Guani d in-m Aminov a ler iansii ure. Arginin,

NH
.mlm<su- ou

,
— ou

,
ou

,
—ooou.

2. ao

, r-D i am inocap rone iinr e, Ly sin,
ca 1w - cm— cm— oe —ouerue—OOOH.

a -Am ino—ß—oxy p rop i onsä nre. S er in, —011(N11

IV. Sehwefelbnltige Aminosäure
Cy st in, due Di eulfi d des Oy s te ins. ist 111-A

p rop i onsii ure, ha

stitution
Oil

,
S — OOOH

OH
,
S 011(N11, )

—00011
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ou

,
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,

en
,
011 ooou.

NH
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—0xy - u—Py r rolidinca rbons ä ure, 0x _

w Prol in,

CH(OH)—OH
,

011
1

011 00011

\ NH/
11. 1ndoHiruppo.

Ind ol—r am inop rop ionsä ur e, Try p top h an‚

OH

110 o- o- au
,

- eumu g- ooou.

1 n 11

110 o 011



au

N— O— OH
‚

—OOOH.

e Spaltprodukte des Eiwei ß sind also durchweg Am ino s äu r en
nahme des Glykokolh enthalten sämtl iche Aminosäuren,

die 1111

entstehen, ein usymmetrisei ms
—Atom

,
sind also o p t i sc h a k t i v

Verk et tung der einzelnenAminosäurenuntereinander im Eiweiß
erfolgt

,
ist nicht völl ig bekannt ; denkbar wären versch ieden

seiten, die v ielleicht nebene inander vorkommen. Naehgewiesen is

nur eine Verkettung inder Art
,
daßdie Aminogruppe der eine

iure si ch mit der Curboxy lgruppe der anderen verbindet . Se ent

B. aus zwe i Molekülen Glykokoll (Gly cin) dns G ly cy lg ly e in
cu (NH, )— COOH CH‚CNH‚)— OOOH —n‚ o

— CD

NH— OH,
— COOH.

arurtige \ erbinduugeu ,
die sieh aus zwe i oder mehr Aminosä ure

ensetzen
,
bezeichnet E. Fischer ' als P e p t i d e uud unterscheidet j

tr Zahl der Aminosäuren, die am Aufbau betei l igt sind : D i T r i

P enta P o l y p ep t i de. Das komplizierteste ,
bisher synthetise

llte Polypeptid ist eine 18- gliedefige Kette , ein Oktudekapep tie

1d aus 3 Molekü lenLeuein und 15 MolekülenGlykokol l . Die Poly
stehenbereits denPeptouennahe. Die verschiedenenEiweißköme

1eiden sich voneinander sowohl durch das Vorhandensein res;
bestimmter Kerne

,
als auch durch Differenzen in den quantitative

11ssen der vorhandenen Kerne
,
sowi e durch die verschiedene An

der Kerne im Molekü l . Selbst be i völ lig gleichen quantita ti v e
1 issen ist durch verschiedene Lagerung der einzelnen Kerne 1

des Eiweißes eine fast unendl ich große Zahl von [som e r i e
V ielfache Beobachtungen sprechen dafür, daßdie chemisch von

1
° nieht zu unterscheidendenEiweißkörper verschiedener Tier a r te
ht sogar verschiedener Indiv iduen?) derartige isomem Substanze
111 : jede Tierart ist danach durch einenihr eigenttimliehenAufba
eißmoleklils charakterisiert (Artei g enttimliehke i t des Eiw e ißj
ie Eiweißkömer sind meist l ö s l i c h inWasser oder verdünnte
ngen

,
dagegen unl ösl i ch in Alkohol oder Äther. Die „gelösten

orper befinden sich jedoch nicht ineiner wahrenLösung, sonder
sog . k o l l o i den Zustand e : sie d i ffund i e ren (mit Ausnahm

vmne) schwer oder iiberhuu t nicht durch tierische Membranen
sind entweder gar nicht er nur schwer zum Kry sta lli sie rez

gen; krystallisiert sind bisher dargestel lt wordenHä1noglobin. Eier
rumalbumin

,
Vitel l in

,
verschiedene pflanzliche Eiweißstoii

'

e . Di

örper d reh en die Ebene des po l a r i s i erten L i c h tes, und zwe

seh l ink s. (Rechtsdrehung zeigen Nucleoproteide ,
Nucleoh iston

obin [Gamgee u. Croft

m k t i onen der Ei w e i ß k ö rp er.

1rbenreuktlonen: 1. X antbop r ote in-Rea k t i on. Mi t Sulpetersänre golmeh
Eiweiß gelb, nach dern Ü bersättigen mit Ammoniak oder Natronlauge orange. Di

beruht auf der Anwesenheit aromzi tiseher Kerne im Eiwdflmolekfil. 2. M i l i e u



seh e Rea k ti on. MitMilton Bengm s (Mercuriniüatltisung rnit enlpefl iger Sä 1

färbt sich Eiweiß rot. Die Reaktion beruht 11111 der Anwesenheit dm üxypl
(Tyrosin) im Eiweißmoiekiil. 3 . B i ure t—Renk tion. 6elöstes Eiweiß gibt mi t
(ungelöfl enwird erst mitNatroulnuge gekocht undnueb dem Er k a l tenuntersuch'
verdünnüsr Kupfersulfntlösung (tropienweiso zugesetzt. ein Ü bersebußverdeckt di
violette Ms rote Färbung. (Bim t, ein Derivut dee Harnstoflee‚ gibt dieselbe
4. Ada mk 1

'

eoo i czsche Rea k ti on. Die Lösung möglichst trockenen, entfettet«

in Eisessig wird durch konzentrierte Schwefelsäure violett gefä rbt. (Die Wirku
essigs beruht nach Hopkins u. Cole‘ nur auf dem Geha lt deme1ben an Glyoxy l
kann daher statt des Eisessig: noch verdtinnte Glyoxy lsänre verwenden.) Die Rem

'

auf der Anwesenheit des
'

l
‘
ryptophsns im Eiweißmolekiil. L i eben

Re a k ti on. Lösungen von trockenem, entfetteten Eiweiß in konzentrierter 83 11 !
sich bei gewöhnüoher

'
l‘ernperutur naeh einiger Zeit. Mim hen eehneller .

violett. Die Reaktion beruht auf der gleichzeitigen Anwesenheit einer around

einer Koblebydratg ruppe im Eiweißmoiek iil. 6. Mol i schsche Rea k ti on. 81

einer Eiweißlfisnng einige Tropien einer alkoholischen Lösung von a-a nthol 1
konzentrierte Schwefelsä ure, so entsteht eine violette Fiirbung , bei Verwendung
an Stelle des a-Naphtboin eine rote Färbung. Die Reaktion beruht auf der

einer Koblehydretgruppe iinEiweißmolekfll. 7. 90hwefe lb le i -Ru üti on. E

mit wenig Bieisoetnt nnd iibnschtisuiger Natronlauge entsteht Gelb Braun 011

M aag, eventuell ein schwarzer Niederschlag von 80hwe£elhlei. Die Reaktion
der Anwesenheit der 0yntingrnppe im Eiweißmdekii l, Abspaltung von Schwet'e
und Bi ldung von Schwefe1blei .

Füllungeru kti0neu. Die Eiweißkörper befinden sich in ihrenwenn
k o l l o i d enZ u stand e (s. oben). Die kolloide Lösung eines Stofl’

es wird als 8 01
ist Wusser dan Ii isungsmittel, so spricht man von i l y dro so l. Msnnigfacbe Ei
können kolloi de Körper aus dem SobZnstand ausfüllen, der auegefl llte Körper wi
Ge l, resp. Hy d rog e l bezeichnet. Die Umwandlung des Sol-Zustandes in den
kann entweder i r r eversi b e l oder r ev e r si b e l sein. Im ersterenFalle hat der
Körper so weitgehende Veränderungen erlitten, daßer nicht wieder ohne wei t
ist. Bei den Eiweißküpernnennt man diese irrw ereible Änderung ihres Zustan
bei den meistenAusüllungenerleiden, Dena tur i er ung ; sie werdendabei in ein
Modifikation flbergefiihrt, kong u li er t. Knagnliertes Eiweiß ist nach der Eat!

Fä llungsmi ttels nicht wieder unverändert 161111011 ; es kann nur in Lösung gehn
durch a) vndiinnte Langen, wodurch A1kaüulhnminnt entsteht, b) verdiim
oder starke organische Säuren, wodurch Acidalbuminentsteht, e) die Verdauur
Albumos0n und Peptone entstehen. Das Ausse h en der Eiweißkörper durcl
vonNeutr a lsnlzen (siehe unten ist dagegen eine reversible Zuetundsflnd
Eiweißkörper werden dabei nicht koeguliert; nach Entfernung des Füllungsmitt
unverändert löslich. wie zuvor. Die Methode des Aueoslzens ist deswegen 111:
sne1mng der Eiweißkürper von ganz bm nderor Bedeutung.

Eiweiß fi ilend wirken: 1. Er h i tzen bei schwach murer Reaktion
gulationstemperatur ist fiir die versehiedenen Eiweißfi rper verschieden. für
denselbenEiweißkörper aber auch abhängig von der Konzentration, dem Salz
der Reaktion der Lösung. 2. S ta r k er A l k oh o l ; bei lingent Einwirkum
Eiweiß inden kouguiiertenZustand Obergeffit1rt. 3 . KonzentriertoMinera lsn
a llem 8n1p e te rs iinr e, ehemo Meta p boep hor s ä ur e. 4. S a lze der S chw
(Eisenchlorid, neutrales und basisches Bleh cetat. Kapfersulfnt, Platinchlorid ,
chlorid insnizsuurer Lösung) ; die Schwermetfl lo bilden mit dernEiweiß als Säur

unlösiiehe Verbindungen. Ö. Die sogenannten A lk a lo idr eag enti en: E11 3 1
F er r oeynnka lium, Gerbsiiure+Essigsiiure . Pib insfiure+(ä tmnensflure,

'
l‘.

Säure, Phosphorv olframeä ure, Phosphormolybdi nei ure, Jodquecknilber
-Jodkuiium

von Salzsäure. 6. Auflösung vonNeutrulsnlzen (Snlfnte des Ammoniums,
Natriums, Zinks ; Kwhsalz) besonders bei saurer Reaktion(Ausseh en). Gesehiel

zusatz ganz allmählieh , so lassen sieh auf diese Weise ma che Eiweißkörper 11
anm heiden. Durch Ansaulzen werden die Eiweißstofl'

e chemisch nieht verfind
koag uli er t)‚ sie behalten insbesondere ihre Löslichkeit.

Q uanti ta ti v e B est i mm ung des Ei w ei ß. Das Eiweiß wird durch 3
schwach saurer Reaktion ansgetl lit, auf einem gewogenen Filter gesammelt, get1
gewogen. darauf verbrannt und das Gewicht der M M inAbzug gebracht.

Enthält die zu untersuchende Flüssigkeit außer Eiweiß keine anderenN-bulti
so kann mannach Kj eldalil denN-Gebalt bestimmm 162) und durch Multip
N mit 6,25 ungefdhr den Eiweißgehalt berechnen. (Eiweiß enthält im Mittel 16'
N Eiweiß . Frei lich ist der N0ebnlt verschiedener Eiweißetotfe versehi
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werden, so in Verbindung mi t N uc l e in 11 111 Nuc leob i eton in der Thymuedn
Vogelerythroeyten und I.enkccvten. nis G l ob in 22) verbunden mit Hilm a t in
g l ob in in den F431 hroeyh n. endlich im Sperma venehb deuer Fische.

Die Pro tum ine sind sehr sfich toü'

eiche (26 uber sehwefel

stark busischer Natur ; bei der Spaltung gebm nie u hr reich lich Diuminoei uren
Arginin), eher wenig ) Ionoamim siiuren. Kassel bezeichnet sie als die einfachstenEi *
S ie kommen im Sperma vieler Fisch e in Verbindung mit Nueidnsi uren vor .

Veg et ah i li sche P ro te ine.

‘ Die Pflmzen enthalten, wenngleich in
hlengo uls die Tiere, Ei w e i ß k ö rp er verschiedener Art. Sie treten entweder
(gequollonor) Form auf, namentlich in den 8M en der lebenden Pflanzen, ode

Form. 111111 unterscheidet
1. Pfl unzona lhnm ine sind in den Pflanzen weit verbreitet, aber

von den beglei tenden Glotmlinen zu trennen. Ni her untersucht sind Albumine
ferner aus Weizen, Roggen undGerste, welche als Leu k os inzusammet w
Leukosin unterscheidet sich vom tierischen Albumin dadurch , daßes durch 851
Koebsalz nnd Msgnesiumsultnt gefä llt wird.

2. Pfl anzeng lohul ine. Ein Tei l dieser Eiweißeßfle wurde friiher
zeneuse ine bezeichnet. weil sie wie des Ossein in schwachenA1knlim1 löslict
dureh verdünnte Säuren undLob geä 9t werden. Hierzu gehören: Das Leg nm in
minoren, dns G l u tenca se in des Weizens (der inAlkohol unlösliche Tei l der Kle
stolfe), dns Dong lut in der Lupinen. Fli r eine Gruppe aus verschiedenen Pils
(Weizen, Mais. Gerste. Reis usw. ) herstellburer Globuline haben C

'

h1
'

llendm un

den NamenEd es t in eingeführt. eine andere Gruppe (ia Mais. Hafen Bohnen)
sie nis Pf l anzen- hi y os ine. Ein im Baier vorkommendes Globa wird 11111

bezeichnet
Die meisten dieser Globuline lassen sich uns der kmhsnlzhn.ltigam Lösung in

8phiiroide, bexugouale Platten) gewinnen.

3 . InA l k o h o l l ö s l i ch e Pflunzenp roteine. Diese Gruppe ist 111
reiche (irnGegemntz zum

'

I
‘
ierroiehe) weit verbrei tet. Sie lindensich reich lich in

stoßen des Getreides. die als K le tm rp ro te insto i
'

fe zm mmwgefußt werden.

des Weizens findet sich zunächst ein inAlkohol unlöslicher Eim ißstcti , du (11a h

welches zu denGlobulinengehört (9. unter außerdem aber drei voneinander ve

inAlkohol lösliche Stoffe : dus Gluteut’i br in, das G l i ad in und des Muced in.

Gerste kommt das Ho rd e in vor.

11. Proteide.

Die P ro te i d e sind VerbindungenvonProteinenruit nude
e iwe ißartigen

,
meist kompliziert zusammengesetzten Körpem , die

„p rost h et i s c h e G ruppe“ bezeichnet ; sie könnendurch Spaltung
Wasser, Säuren oder Alkal ien in ihre be idenBestandte i le zerlegt
Nach der Art der prosthetischenGruppe unterscheidet man:

A. Chromo-Prote i de Verbindungen vonEiweiß mit E8 !
Das H i m o g lob in seine Verbindungen und Derivate 520 bis

eine Verbindung von H itm a t in mit G l ob in. Das Globin gehört zu den

(vgl. oben).
B . Gl yko-Protoide Verbindungen vonEiwei ß mit Koblel

oder Kohlehydratderivaten; be i der Spaltung l iefern sie G l uc
(vgl . pug . Koblehydratgruppen sind aber auch in anderen
körpern

,
echten Proteinen

, gefunden worden; v ielleicht gehöre1
hydratgrupp en überhaupt zu den Spaltprodukten des Eiweißes
würdenalso die Glykoproteide nur dieses Spaltprodukt inbesonder
Menge enthal ten.

1 . Die Musine sind inWasser unlöclicb, vertlfissigensich aber inWass
zi eh end. sch l e im ig. M t wenig Alkali gehen sie neutra le, fndenz i eh ende

Sie gerinnennicht beim Kochen, werden gefl llt durch Säuren(vordtinnte Essigeiiu
Al kohol (der Alkohoirüedersehlag löst sich wieder inWasser), ni ch t durch Essig
Ferroeyankelium. Si e zeigen alle Farbwrenktionen der Eiweißkörper. Sie finde

Speichel, inder Ga lle, inden Schleimdrüsen und Sekreten der Schleimhäute, in



beisehnur). in den Sehnen(im '

1‘ierreieh besonde rs indenSchnm und in der

Mothurien).
ie Mueoide denMuriuen ähnlich . aber im physikalischen Verhalten und

ktionen 1111woiebend; B. das Ovomum id im H ü hne r ei w e i ß u. a. Ü ber
tueoid vgl. S . 17.

VerbindungenvonEiwe iß mit phosp horhal tigenSubstanzen
tie Nuele op roteide

"
sind Verbindungen von Eiw e i ß (meist ein Protam in

1) und Nue le inen. Die N uc leine sind wiederum Verbindungen von E i w e i ß
dnsii u ren. Die Nuele ins ii ur en endlich liefern bei der Spaltung P h o sp h o r

Nue le inbasennebst anderen Substanzen(s.

N uc l eop rote i d e bi ldendie 0hromatinsuhstenz der Zellkerne (daher der Name )
emmwh im Tier undPflanzenreici1 sehr verbreitet Sie sind nur wenig löslic h in
1 Sulzlösnngen‚ hohem sauren Charakter und vereinigen sich daher mit Alkafim
11, leicht lösiiehenVerbindungen; durch Säuren werden sie 3 1111111t. Durch Pepein
erden sie gespalten inEiweiß , welches weiter zu Alhamosen und Peptxmen v er

und N uc l e in, welches sich abscheidet, da es gegenPepsinsalzsiture eine p oße
sflihigkeit besitzt. Nndeoproteide sind hergestellt aus

'

Iiwmusdriise, Pi nkreas.
1, Leber, Gehirn, Schi lddrüse undmderenOrganen, sowie aus 8permatozoenkßp@
c le ine sind inWasser undverdünnten Säuren unlöslich oder nur wenig löslicb,
löslich. Sie habenstärker saurenCharakter als die Nudwproteide, höheren Pime
nnd besitsen eine hohe (doch nicht absolute) Widershmdsfi higkeit gegen Pepsi !»
dureh Tryp einverduunng werden sie gespoiten. Die Nucle insä ur en gehn
.uatende keine Eiweißreaki:icnenmehr, sie enthalten0, 11, N, 0 undP. keinen 8 .

dich in Wasser und Alkalien, werden durch Minerals“rcn aus ihren Lösungen
Bei der Spultung liefern sie — 1. Phosp bor sä ur e. 2. N uc l e in o d e r Pn
(vgl. pag . nämlich die beiden Aminopnrine : Ad enin und Gnenin; dureh
irknng werden sie bei der Spaltung tei lweise indie entsprechenden Oxy pur ine :
th inund X anth inumgewandelt, diese sind aber ursprünglich inder Nndoinafinrfl
enden. 8. Py r im i d inb asen(vg l. pas. nlm1ic11 Th y m inundOy to e in;
w i rd bei der Spaltung teilweiee inUr ac i l flimrgefiihrt. 4. K ob leh y dr a te.
meen und Pentosen. Von der eigentlichenNucleinniim unterscheiden sich

rerböltnisrnäßig einfache Zusammensetzung die aus Pankreas hergestellte Gun11 34
10110 bei der Spaltung quantitativ in j e 1 Molekü l Guunin, Pentoee und Phosphor
11t. und die im F1eiscbeutrnkt vorkommende Inos insdnr e, welche ana log
[olekiil Hypoxunthin, Pentose und Phosphorsflure besteht.
Die Pursnuoleop ro te ide (Nuoleoa lhnm ine ) sind ebenfalls pho1mimr»

eißki irper, unterscheiden sich aber von denNucleoproteiden dadurch. dufl sie bei

ig nebenEiweiß und Pbospborsüure keine Nucle inba sen, Py r i m i dinh e sen
eby dre te liefern. Sie finden sich besonders als Bestandtei le der Nahrung
unismen (Milch, Eidotter, s. dagegen haben sie zu den Zellkernen gar keine
die Bezeichnung als Par anucleop r o te i de oder Nucleus lhnm ine ist also

ecbtfertigt. sie werden daher neuerdings auch einfach als Phosp h or p r o t e i de
Sie sind Säuren, in Wasser inet unlöslich, geben aber mit A1kali lösliche Ver»

die bei neutraler Reaktion durch Kochen nicht gefällt werden, durch Zusatz von
den aus diesen Verbindungen die Purunncie0proteide wieder frei gemacht und
i der Einwirkung von Pepsinsulzsä ure werden sie gespalten inEiweiß , w elches
laut wird, und in sich nbseheidendes Pa rsnuelein; doch wird dieses durch

Pepsinwirh mg schließ lich auch völlig gelöst (vgl.
ins Dase in 142) findet sieh anKalk gebunden in der Milch aller Sä nger ;
roh Sönreznsetz oder durch Lob gemüt ; nieht jedoch durch Kochen.

>11s V i te l l in (5 148) dudat sieh im Eigelb ; es iet durch Sättigung mi t Kool»
fi libar. Als „Dotte rp l ä ttch on

“ kommen krystailisierte Vitelline vor in den
Fische. Frösche, Schi ldkröten. In den Vog eleiern sind die Vitelline amorph .
Das Nuc i eouli mm in der G a l l e (5 118 .

111. Albuminoide.

1 A l bum ino i d e stehenden echtenEiweißkörpern hinsichtlich
mmmensefiaung und Abstammung nahe

,
doeh zeigen s ie in ihrem

isclmn, chemischen und physiologischen Verhalten viele Abwei
von ihnen. Sie sind unkry etallisierbar. Sie bestehen fast aus

h aus Mononm inosä uren im besonderen fehlen ihnen zum 'l‘ni



[ä ö. Alumninoide. Fermenß.

die aromatischen Gruppen,
so daß sie bei der Spaltung kein

geben. Einige von ihnen enthalten keinenSchwefel. Sie sind teils
dan1ich, teils zwar verdaulich, allein ihre Verdauungsprodnkte kön
Eiwei ß gar nicht oder nur unvollkonumnersetzen, weil ihnen ein
tige

,
tiit den Körper nnenthehrliche Aminosäuren fehlen. Sie iind

wesentlich in den Stütz oder Schuh enbstanzen des Körpers , in
Weise s ie 118 8 den Eiweißkörpern entstehen

;
ist unbekannt.

1. K er a tine bi lden den Hauptbestandteil aller Horn» und Epidnmnic

S ie sind nniöolich inWasser, ldalioninkonzentrierter Schwefelsäure und hmhenden
"hm h erintimh ist fiir nie der h oh e S—Gehnl t (2 Sie widentehen d.

und Pnnkren: verdnnnng sowie der Fi nlnim Bei der bydroly tiachenSpaltung liefer
'

l
‘
vroein und viel 0yntin. in den Nerm mnrkeeheiden findet sich das Nenro

2. Eins t in Grundsteindee elnefinuhen Gewebes. 11m reichsten im Li

lnWeseer mniöslieb, lßslieh in Kali lauge. Es gibt die Reaktionen des Eiweiß
Zersetzungsprodnkte. Vonlh gennsfl undPnnkreu nfi v irdee verdant, aber schwerer :

3. K o l leg en ist der Hauptbestandtei l der Bindegewetnfnsern, der Sehnen
Fuseien, der organischenGrundsnbetanz der Knochen und Knorpel. Mi t Wasso1
geht es in G lnt in oder h im iiber, welcher beim Erkalten gelntini0rt. In kalte
ist Leim nicht löslich. sondern qnillt nur du in auf; löslich in Alkalien. Die

werden durch Säuren und im allgemeinen 11neh durch Metallnaize nicht geßllt.
ist stark linksdrehend. Er wird durch Mngenenfl nndPanm verdant. Bei de1
liefert der Leim k e inTy rosin (er gibt daher noeh keine M1

'

llonsehe Reakti«
'

l
‘
ry p top han. k e in Cy st in.

-l . 0hond r in oder Kno rp el le im wird durch Koenen ann Knorpeh

nnd geistiniert beim Abkühlen. Es ist jedoch k e in e inh e i t l i ch er K ö rp er , 81

Gemenge von Glntin und Ohondr omn00i d (vgl. Dieses liefert bei der
Eiweiß , Kohlehydrnt nnd Chondro i t inneh v ofe lsflu r e. Die Ch ond ro i t ins
sä nr o ist eine Äther—8chvotelsi ure dos C h ond ro i t ins C„ NO„; dieses
seiner Spa ltung Esügeflnre und C h ond r os in0„H„NO, dns leh tero be

Gly knronsilnre o s„o, nnd Glueoaam in0„n, 0, (ia .) (n s.

F i b r oin nnd S e r i cin (S ei d enl e im) sind die tmidenH1mptbectu
S e ideng esp inste der Insekten und Spinnen. Dem Fibroin ähnlich ist da

die 8 11a der Badene11whnme.

6. Das Am y l o i d nur petbologiseh vmkoxnmend. inForm moohichioter
(Oorporu m ykoen) im Gehirn und in der Proetntn, ale glinzende Infiltration 1

lülz. Nieren. Geflißhiinte, kenntlich an der Blinnng dureh Jod und Schwefelsäu

Rötung dnmh Jod.

Die F e rmente (Enz yme)° werden häufig als Eiweißsü
den Eiweißstoifen nahestehende Körper angesehen, doeh läßt 8
ihre chemische Natur zur Zeit ni chts Bestimmtes aussagen,

da 1

Fermente aus ihren Lösungen wohl bis zu einem gewissenGrade 1
aber nicht chemisch rein darstellen kann. Es ist gelungen, Präpa
fermentativer W irkung herzustel len,

die ke ine Eiweißreaktionen
Sicherl ich besitzen die Fermente aber einkompl iziert aufgebautes
sie enthal ten alle N

,
die meisten auch 8 und P

,
in einigen ist C

nachgewiesen worden.

Die Fermente bewirkendurch ihreGegenwart chemieche Umse
ohne selbst an dem chemischen Prozeß teilzunehmen

,
naeh Bet

der Reaktion erscheint das Ferment nicht in den Umsetzungspr
sondern ist neben diesen unverändert vorhanden. Die Fermente
8 18 K a ta l y sa t o ren aufgefaßt, d. 11 . ihre Wirkung besteht nach di«
schannng darin, daß sie chemische Prozesse

,
die auch von sell

dannmit außerordentl ich geringer
,
unmeßbarer Geschwindigkeit

würden, 80 besch l euni gen, daßsie in meßbarer Ze it ihr Ende 6
Die Wirkung der Fermente ist streng sp e z i fi s ch

,
d. 11 . einj edes

wirkt immer nur auf bestimmte Vertreter einer bestimmten Köl1
ein, und

' ist anderen Substanzen gegeniiber durchaus wirkungs
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1 . Koh lehy drnt ep a ltende F erm ente.

n) Dinnta t i sebe F erm ente welche die Poly sncehnride (Sti x
inDextrinnndhln“me nmwnndoln: da P ty a l indee 8peiende (5 101) und
saßen 114. I). die Dinetu e der keimendenGetreidekörner . Außerdem komm

Fermente noch vor in: Darmsaft, Galle. Blut, Lymphe, 0hy lns‚ Leber, Harn,
b) 1nv er t i er ende F e r mente welche die Dissochnride in 1

spalten: Sncehnrnee (Inv e r t in) spaltet Saccharose inDextrose nndLiim loco,
spa ltet Mzdtme in Dextroee, a ta se spaltet h etose in Destroee nnd

vertiefende Fermente kommen vor allem in dem Darmsnfl vor (5 122.
findet sich besonders reichlich in der Hefe.

e) G ly k o ly ti ecb e F e rm ente welche Demtroee zerstören; i
ist noch zv eifelhnft.

2. Fett sp a ltm de F erm ente welehe Fette in Glycerin u
spalten: die L i p a se (S te ap sin) des Pankreas nnd Msgensafles (ä 1 14. III,

3. Eiwe ißepnlt ende F ermente welche die Eiweißstofl‘

e in .
1

Peptone und weiterhin in Aminosäuren spalten: danPep e in des Mam a !“
Eiweiß nur bis zu Pepton 811, das Try p sindes Pnnkrenasnftes 111

zu den Aminosäuren ab, denErep sin dee Dnrmeafles 122 ) greift die
körper nicht nu, spaltet aber Albumosennnd Peptone, sowie auch Cnsein bis

säuren. Eiwdßepnltende Fermente kommen auch inmanchen I'thnzen vor

4. Nucle insßnreze rse tzende F erm ente welche den Abba
säure im Stoh echeel bewirken: die N uc l ease, welche die Nncleinsänre i

und die iibrigen Bestandteile spaltet, die Ad enau nnd Guana se, welch
niemng der Aminopurine zn Hypoxanthin nnd Xanthin bewirkt, die Kant

welehe die Ogvdation zn Xnnthin nnd Harnaä 11re bewirkt , endlich das n
b
‘

ermont, welches die Hsm eflnre weiter nbbnnt Diese Fennente
schiedenenOrganen nachgewiesenworden, so inMilz, Lunge, Leber, Darm,

Ö. Die Arg ina se welehe Arginin in Harnstofl nnd Omithin
die Ur ea se welche Hm stofl

’

in Kohlensäure und Ammoniak spaltet (5 1
&6 er innung st

‘

erm ente welehe lösliche Eiweißst0fl’

e ausfi llm

t
’

orm ent, Th rom b i 11, welches das Fi brinogen inFibrinnmwandelt d
Ch y m os in. welches dasWeinder Mi lch ansfiillt, im Liegen nndPnnkreneonf

7. 0xy da t i v e F erm ente welche die Oxydation schwer oxydnb
bewirken, Ox y dasen. Man unterscheidet :

11) d i r ek te O xy dnsen welche den molekularen Sauersto
aktivieren vermögen.

b) ind i r ek te Oxy dnsen, Perox y dneen welche nur in
Peroxyden wirksam sind , indem sie aus diesen nktiven Sauerstoff nhape l
g ena sen bezeichnet man Stoffe, welehe durch Aufnahme von 8aia 1111

Peroxyde übergebenund nunvondenPeroxydaeengespaltenwerdenkönnen;
sind eelhet nicht fermentativer Natur. Die di rekten Oxydu en sind aus 0
Peroxydu e zm mmengesetzt.

c) K a ta la sen welche nur ans Waeserstofleuperoxyd aktiven
spalten, aber keine anderen Peroxy de zerlegen, sie sind dnher verschieden
oxydu en. Katalane kommt im Blute, aber auch in allen tierischen und ins
lieben Geweben vor

Die Fermenie vermögen nicht nur kompliziert gebaute Körper shanb

können auch in umgekehrter Richtung wirken, S ynth esennnnführen (vg i.
b i l d ung

6. Die Fette.

”

Die Fette kommenvorzugsweise re i c h l i c h im Tierkörpe
wohl in allen Pflanzen vor

,
hauptsächlich in den Samen (N

Cocos
,
Mohn) , sel tener im Fruchtfleisch (Olive) oder inder

Papier bewirken sie eharakteristisehe Fettflecken. Sie sind 1

Wasser
,
löslich inAther

,
Chloroform

,
Benzol

,
Aceton

, Schwefe
weniger lei cht in Alkohol . In wä sserigen Flüss igkeiten könne
eine außerordentlich fe ine Verteilung inForm mikroskopischer F
erfahren, eine Emul si on bilden, und zwar entweder

,
wenn 1

schleirnigen oder Ei we iß oder Seifenlösnngen schüttelt, oder



vel che geringe Mengen freier Fettsä uren enthalten
,
mit dän

mg znsammenbringt, wobe i sich Seifen bi lden.

e Fette sind Verbindungen eines Alkohole
,
des (i ly cer ins , 1

1 Fe t tsäuren: die Gly cery lester oder die G l y c e r i d e
1ren. Werdenneutrale Fette mit Wasser iiberhitzt oder mi t

Fermenten(S teapsin, L ipnse s. S . 19) behandelt oder der Fänl
eu, 80 zerlegen sie sich unter Aufnahme von H, O inGly ee
is F e tt s äuren

,
von denen die letzteren

,
falls sie flüchtig si3

1nzig enGeruch verbre iten. Mit kanstischen Alkal ien beband
sie die gleiche Zersetzung : die Fedsä ure bi ldet in diesem Pi

Alkali eine salzartige Verbindung (S e i fe) ; der Prozeß wird desweg
seifung bezeichnet .

/ OH

G l y cer in ist eindreiwerfiger Alkohol O‚
H
,
—OH. Es ist eine farb und

\OH
süß schmeckende , sehr hy grosk0pimhe Flüssigkeit, in Wasser oder Al kohol
°bältnis löslich , in Äther unlöslich.
F e ttsäur en welche in den Fetten vorkommen, gehören zwei vormhiede
nämlich :

Gu ilt t i g te F e ttsä ur en von der Formel O., H, O
,
.

1 e i sensä nr e : OH
,
0
,
. 1Q My r i stinslinr e :

s i g s ii u re : 11 .Palmltinsflnm zC,.H„O,
.

op i ons iinre : H, O, 12. ) Iargarinsänre : ,
O

‚
.

tter sflnre : U
,

U
,
. 13. Stenrinsänrez

ler i ansä nrm 14. Arschinsi uroz

p ronsänr e : 1&Hy ännsüursz

p ry le ä nro: 16. Cerotinsänre :

p r insä nr e : 17. Melissinsiinrez
nrinsä nre : C„H„O, .

[1 diesen kommen im menschlichen und tierischen Fett hsnptsfiehfieh
1 und die S tea r insä ur e, spär lich nnd inkonstant die Myristim , Lam
apry l 0anrou nnd Butterfl nro.

O-reicherenFettsäuren sind°konsistent nndverfiflchtigon sich nicht ; die C-b rm

live 8) sind ölig—tliissig nnd ti iiohfig , schmecken brennend sauer. riechen ran

Ung es ä ttigte F ettsäuren, und zwar S äur en de r Acry lsä nre r e i h e
11 OnH, n Von diesen kommt fiir den tierischen Organismus nnr eim

die Olsänre G„H „O, .
1 Verbindnngen des Glycerine mit der Palmitin Stenrin nnd Ö lsäure bei

1, S tear in nnd O l e in.

/ O °0
10H3 1 0 / 0 °0

10H03 0

He
_ 0 ° Hu ” 0

3
H
1

O
‚
H

‚

H„O
Olein.

0
51
H
oe
o
e

0
1 1
11
1 1005 0

17
8
101
0
.

Schmelzpunkt des Pnlmitins ist der des Stenrins dns Olein erst

Die Fette sind Gemenge dieser drei Glyceride ; j e mehr Olein sie enthalten,
sind sie bei gewöhnlicher Temperatur und umgekehrt. Das Fett Neugebm

1hr Palmi tin nnd Stoerin als das der Erwachsenen, welches mehr Olein besi
nach Fette, in denen die drei Alkoholgrnppendes Glycerins rni t v er sch i ede

verbunden sind ; so können zwei und auch drei verschiedene Fettsäuren in
intreten(Bämer
is weitere Klasse von Fetten (auch Wnohse genannt) enthält an Stelle des
he re nli p hnti sche e inw er t i ge A l k oh o l e. Dazu gehört das W a l ra t,
des Oety ls lkoho ls O„H„O mit der Pnlm iünsänre O„H„O„ dns

eldr ii eo der Vögel, eine Verbindung des Ok tadoey la lkoboh 0„H„O rnit
O
i O
HM O! ‘

dhch gibt es auch Fette, in denen an Stelle des Glycer1ns e1n arom a t i sc l

er A l k oh o l aufiritt. das Ch o l ester in" O. . H OH) °

sie finden sieh



der Vernix m oon. in alienkeratinfieenSubstanzen(Hu re. Federn, Hufe usw, )
kommt aueh im freienZustand vor. im Blut. Dotter. Hirn. Galle Es gibt eine

von Römern, die dernCho lesterinverwandt sind , sie werden als S tor ino nm
Die Sterine des Pflanzenreiehs (Ph y toste r ine) sind von denen des '

l
‘
ierreichs

1111 Anschluß an di e Fette sind sie fe t t ii hnl i ehe K ö rp er (L ip o idt
dieser Bezeichnung werden alle in den Fettiösnngmnitteln löslichm Stoffe zum
also auch das Cholesterin) aufzufiihren

Die Loe i th ine sind esterartig e Verbindungen der G ly c er inp hos

/
OH

Q R‚
—Oi i, und zwar mit 2 Fettsänrerndikalen (Pr imifim, Stonrim oder 019

8
(DB

seite und dem Ch ol in (Tr im eth y lox ä th; ln1n1nonin1nby droxy d)

N4
0
.
H.OH

<
(0ä
1
,

andrerseits.

Die Konstitution des [Distenrxb]
H

Lecithins ist daher

‚
0

("
I
n 0

1
0

08 1 !

OH

c H.
N
/

Die Lecithins sind nnlöslich inWasser , quellen dw n aber in eigennrflg
sie sind löslich inAlkohol. Chloroform, Äther. 81o finden

tierischennnd pflanzlichen Zellen, besonders reichlich in der Nervensnhstnn
_

z,

iru Sperma. Die Lemtbino sind die am besten bekannten Glieder 1108 eine)
Gruppe fettflmliober Verbindungen. die als P h osp h a ti de znsammengefnßt
sind ohm kterisiert durch den Gehnlt nu Phosph o rs l nr e nnd st i eketo

B asen. Dazu gehören z. B. das J ecor in(vgl. 527. III. 51 16. des F r e ta i
Oe reb r o side 240.

Q uant i t a t i v e B e stimmung de s F e tt os. Die zu untersuchende 8
vollständig getrocknet, fein pulverisiert und dann durch Äther im Extra]
(80xhlet) das Fett (allerdings auch die iibrigen inÄther lösliehen, fettähnliehen
extrahiert ; nach Verdampfen des Äthers wird das Fett gewesen.

7. Die Kohlehydrate.

“

Die Kohlehydrate kommen besonders re ichlich im Pflan
in geringeren Mengen auch im tierischen Körper vor. Sie beim
zeichnung davon erhalten

,
daß inihrem Molekü l nebenC stets V

und Sauerstoff indem Verhä l tnis, wie im Molekül des Wassers
zwei Atome H ein Atom 0 enthalten ist. Alle sind fest, ohn

entweder süß schmeckend (c kerarten) oder doch leicht durch
Säuren in Zucker nmznwandeln. Sie drehendas polarisierte Licht
nach rechts oder nach links. Trocken erhitzt

,
riechen sie nach

sie fä rben sich mit Thymol und Schwefelsäure rot.

1. Die M ono sacc h ar i d e (auch Hexosen genannt)
Formel C,H„O. leiten sich durch Oxydationvon seehswertigen
ab. Die Oxydation kann dabe i entweder an einer rimä ren ode
sekundä renAlkoholgrnppe erfolgen. Im ersterenF is entsteht e
der dureh die Gruppe — C{3 charak terisiert ist , ein A l d e b y

Monosaccharide werden daher Aldosen genannt
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4. l eeres italienPr ob e : Die mw .wird mit oder
bis zur stark nlkniinßhenReaktion v ersetzt und gek och t : es entsteht gelbe,

mit kann. 8ehv eiolsinre angednert, so entsteht der Geruch nach g ebranntc
(M und) und Ameisensimm

Ö. Mol130h8 Proben: cm' der zu prüfenden Flüssigkeit versets
2 Tropfen einer alkoholischen e -N ap h th ol oder Tby mollösnn

gießt man 1—2 cm' konz. Schwefelsäure hinzu und schüttelt rasch . Bei Ge;
Zucker fi rbt sieh das a:»Napbtbolgemisch tief violett, die '

[hymolprobe tief rot

m kfionen, 8.

3 . Phenyil1yüu lnprobez Zn ?cm' der Flüssigkeit setzt man im 1

- Mnm miW enlzm 11renPhem lbydru ine und3 MssserspißsnessigsenrenHatru
bis am Mom (eveMnell unter etwas Wassennsais) und seh t des Glas 1 Stu

bei Anwesenheit von Da tums scheiden sich eher
rm , 1m ger, gelb gfl rhh r Nadeln venPheny lg ly k

ist, bei —1—206° schmilzt.
7. ßflm gsm lwz Manversetzt die zu untenstehende Flüssigkeit mit

flilit M t da
'

vellsä ndig , versehiießt die Hündsng
_

mit dern Finge
Isllfl 1 lß—Q umgekehrt 111 2106 Q“Oßk81

(zweekmlßig knnn nun auch sh tt desse:
—
efpsrehe (Fig . 1 ) verwenden, bei de

Quecksi lberzum Vem hlußbraucht.) In der Wärme
26—1I P) erfolgt bi ld Zerlem des Treahenznrker
Hefe in Alkohol und Kohlensäure :

20‚
H‚
OH

die Koblensi nre ssmn1eit denim oberu Teile da R.

nn. Es ist nötig, zwei Ken 1

1

ti efe mit suekerirder Elfissigkét, um sm s&hließc
Hefe selbst Zneker

s
amen; es der! keine 60

,
-Entv

treten. 2. Dieselbe
zu vergewissern, daB die Hefe sn® zi rkn ist.

Q uanti tat iv e B estimmung des Tru h e
Durch Titrlernng mit Feh llng eclu

(Die Methode beruht auf der Tre enPro
Fehl1

’

ngscbe Lösung beim Aufhevnhnn sehr sehnwird sie jedesmal vor dem Gebrzmeh nenb

gleiche Volnmina der beiden folgendenFlü .

snder mischt : 9 reines,
mit Wasser se 6®enr'„ma , n. l

"

lisi weinsseres Ksii-Nntren(Ma re ls) in um

gelöst, dass 100m ” Nn®nlnnge, die 509 Nahen
he iten, mit Wasser auf öm cm'

snfp fi llt. (Me

verdübt auch bald und mußdaher fri@ her;
den.) %m ' der Fshlirtgfl :h® m mit man”

dünnt, enä prechen g Traubenzucker. (Des Be

mögen des Traubemnekers ist jedoch je mich der 0
M b“ der Zuekeridnmg und der Verdünnung da Fchlings<

etwas man mußdaher bei
mung genau nach der Vorschrifi 1

Ausfü h rung der B estimm ung in znckn bnlt ig em Harn:
scher Lösung, mit %cm' Wasser vndünnt werden zum u bih t. Anne

läßt msndemEm (der 6—10msl verdünnt worden ist) in um Porfionon zu

kocht jedesmd 2 Minuten im g . Man seh t so lsnge Hm eu, bis die bien.
Flüssigkeit (nachdem ä eh der Niederschlag abgesetzt het oder nachdem man
schnell sbflltriert bat) vollM dlg ist. Auf Grund dieser noeh sie

neuen Besümmnng fi hrt mannun eine zwdte ans, bei der man die geänndene
auf einmal suflieflenM t und stellt M t, oh am 2 Muster langem Kochen die
noeh binu ifl . b t dia der Fsll, w üm t mu hei der nflehstenßenümmm
mehr , ist dagegen die sahen völlig entfl rbt. 80 nimmt man etwa Hs
In dieser Weise fi rt msn fort. bis bm’ zwei mit nur s e@ ve

iinrnmmm die Fliissigkei t naeh dem Ko&en das eine M11] noeh Msn, das

dagegenmm».war. Die zwischen den M den gefundenen Werten in der ki i '



Gu\nkiose. Iä vulose. Pwtose m. Dissecharide. 7.

11 entspricht dann genau 20m ' F rhh
'

ng seher Lösung, enthält abo

rer.

Durch Polarisation. DieMethode beruht auf der Eigenschaft des Treuhan
EMnedespoinrisiertenhicbtesnncb r ech tssndretum. „8 p esi t

‘

i sehesDre hnng s

rit denGrad de r Dreh ung, w e lch en1 9 e iner op ti sch a k t i v en
in 1 m ' W asser ge l ö st, be i l dm d i ck er Sch i ch t (Länge des Rohres de s

für ge l b es Lich t b ew i r k t ; dieses ist fiir Dextrose Da die Drehung
1rtionnl ist der Menge der in der Flüssigkeit gelösten Substanz, so gi bt der
blenktmg Auskunft über den Geha lt der Fliissigkei t an der optisch wir ksamen

3u eiobnet a die beobachtete Drehung, [s] das speeiflnehe Drehm gsvermög en.
des Rohres, c

a

die Anzahl der Gramme der optisch wirh m m Substanz in 1 cm '

so ist c
[ai Zur Ausführung der Bestirumnng dim en: Der Soleil Ventzk«

ri sat i onsnp
gß

rnt , das Polnr i strohometer von Wild oder der Hai b
pp s rnt ven urent, Lipp 1

'

rh
,
Landolt.

ie Ga la k tose bildet zusammen mit Dextrose denMiiehzueker (Ia eton) und

s diesem bei der hydroly tischen Spaltung im Körper durch die Daotu o. S ie

ner dureh die Hydrolyse vonGummi und Schleimstoflen, auch als Zersetzung».
1 Gly kosids 0ereh r in (vgl. 52—10. Die Galaktose ist der A l d e h y d des
enAlkohole Du l ci t. Sie krystallisiert in Nadeln und Büttchen, dreht die Ebene
iertenLichtes nach rechts (spezifische Drehung : Ihr Pbeny losam

Sie wirkt reduzierend, gibt die Reaktionen der Dextrose, ist gä rung st'l h ig .

ydation liefert sie Sohleimsäure.
vie Lä vu l ose (Fructose , Fruchtzueker) findet sieh neben der Dextroae in

hten und im Honig. Si e enh tebt bei der Inversion des Inu l ins (s. peg .

nDextrose bei der Inversiondes Bobrznckers, im Dsrmknnsle dureh das Inv erfin.

1 kommt sie (selten) im Harne vor, dabei zugleich im Blut (Rosinu.

Fällen fanden Neubrrg n. 8 frauss" Ißvnlc1se im menschlichen Blußerum und

menschlichenGewehsilfissigkeihan (Ascites , I
’ieurniiiissigkeit , wird von Ofner

"

Nneh Gürlrer n. Grünbaum" kommt physiologisch Li vnlose in beträchtiiehen
Fruchtwnsser vonRind, Schwein und Ziege vor, Langste1

'

n n. Neuberg
” fanden

1e neugeborener Kühn. Die IAvulose ist eine K e tose. Sie krystnllisiert nur

M die Ebene des polnrisierhen Inehtos nach links (daher Li vnlose) ; epesiflsclms

m ögen bis Sie bildet dasselbe Osam a Wie die Dextrose , wi rkt
1duzierend; sie vergä rt mit Hefe, aber schwerer als Dextros=e.

gibt auch einfache Zucker mit weniger und mit mehr als 6 0-At4m1e11. Vondi esen
1ysiologisoh nur noch in Betracht die P entosen, H„O, . Dieselben sind in

r Anhydride , der Pentosnne (vg l. png . im Pflm enreieiw Weit

im tierischen Körper sind sie als Spaltungsproduktze der Nncleop roteide und

eu (vgl. pag . 16) und pathologisch im Harnnachgewiesen. Vonden Organen ist

11111 reichstennnPentose dns Pankreas (2, des trockenen0rgnns) (Gr emd" )
dieselben Reduktionsproben wie der Traubenzucker und mit Pbeny iby tirnzir
tische Verbindungen, si e sind dagegen nicht mit Hefe verg iirbsr und liefert
nen mi t Salzsäure keine Liivnlinsi ure (wie die Hexassn), aber reiebb

'

e11e Mengen
i[it Salzsäure nnd Phloroglucin resp. Grein geben sie eharnkteri stimbe Farben

Die D i s a cc h ar i d e vonder Formel C„H „U„ sind Verb in
von zwei MolekülenMonosaecbarid unter Austritt vonH, 0:

OsE1 200 OsH1 : O„— H‚ O = Cu H uO1 1 °

schenmit Säuren sowie durch die invertierendenFermente werder
re Bestandtei le zerlegt. Sie sind nicht direkt vergärbar

,
sonder

11 ihrer Spaltung in die Monosaechsride.

Die Ma l tose (Ma l zzuck er ) 1 Dextrose+ 1 M trose — I H
,
0. Sie entsteh

nwirkung der dinstatischen Fermente anf Stärke und Gly kogen; durch Mnltss.
rei ter gespalten in Dextrose. Sie kryetsllisiert in feinen, zu Warzen vereinigten
.t 1 Molekül Krystallwasser , löslich inAlkohol , wird aus alkoholischer Lösung



keiten in gelben Nadeln ab , schmilzt bei Maßen wir k t t em '

m ad
wie Dextrose. Dextrooe redusiert essignsures K a p fa myd (ßm

Maitoso nieht. Als eine hioä iikntion m m wird dia lsom a l t

(vielleicht nur vernnreinigh dns Osazon derselben schmilzt schon
2. Die Lac tose (Mi lebznck er) = 1 Dextrose+ l t ktoee— l H

nur in der hIiloh vor (selten im flnrn). Dureh die lmch ze wird sie in ihr

zerlegt. Mi t gewöhnlicher Bierhefe g itr t si e ni ch t, dagegenwird sie durch
Milohznekerbdm zunächst gespalten und denn vergeren. Durch verschiedene
sie inMilcimäme verwandelt. a tose ist in Wasser und namentlich inA1
löslich als Dextrose, schmeckt wenig süß; sie krystnllisiert rnit 1 Molekül
sie dreht rechts , spez. Das Laetosu on ist in heißem )

leicht löslie11 , schadet sich beim Erkalten in gelben, zu kugeligenAggrege
Nadeln ah , schmi lzt bei m m wirkt reduzierend , aber langsamer
reduziert im Gegensatze zu Da hm e nicht Bar:foeds Reagens (schwache M t

sauretn Kupfer, der etwas Essigsl ure zugeeeh t ist)
3. Die S acch a rose (Roh r encker) 1 Dextrose + 1 1Avulose

c kerrohr , in c kerrfihen und einigen anderenPflanzen verbreitet. Im 1

durch des Invertin in ihre beiden Komponenten gespa lten. Durch Hefe ist

aber nicht direkt : sie wird durch ein inder Hefe vorhandenes Invertinsun

worauf die Gärung erfolgt. Die Sacchm ee krystsllim
'

ert in Prismen, sie 1

inWasser, innbsoluiernAlkohol fast nnlöslieh. Sie dreht rechts, spa . Drehm

Die bei der Spa ltung der 8sechnrose in ihre beiden Komponenten entstel

dreht stärker nach links als die Dextrose nach rechts ; dureh die 8psltnm
Beehbdrehnng der Ssoclmrose in Linksdrehnng umgewandelt ; daher die

Inver6ernng , Inverfin, Invertzucker (das bei der Spa ltung entstehende Gemis
nnd Il vnloee). Die 8nnd1srose bildet mit Pbeny 1hydrnzin k e in Osazon‚ si

r ed uzi erend.
III . Die Po l y sa c c h a r i d e vonder Formel (C„H.°O,

bindungenz ah l re i c h e r Moleküle Monosncchsridunter Austri tt
Die Größe des Faktors n ist noch unbekannt , j edenfal ls
Molekulargröße sehr hoch . Es s ind amorphe Körper

,
ihre Lös

dierennicht oder nur sehr schwer. Durch Kochenmit verdli1

oder durch die Einwirkung von Fermenten werden sie hydr
in die entsprechendenZucker umgewandelt.

1. Des G l y k og en— (Eig enscbsflen, quali tativer Nachweis, quantitat
vgl . 5 in geringenMengen in fast allen Organen des Körpers vorkom

inLeber und Muskeln. Es droht die Ebene des pdarisierten Ii chüss nach re<
Drehung [c]p = —196.b7' (Gotin Es wirkt nicht reduzierend

2. Die S tä rk e (A 1ny lum) teils inden „mehligen‘ Tei len viele
organisierten, innee der Pflanzenzellen sich bildenden, geechiehtetenKörr
exzenh isehem Kerne bestehend, teils, nndzwnr seltener, ungeformt indenl’tim
Der Durchmesser der Sti rkekörneben wechselt bei verschiedenenPflanzen e

z. B. bei der Kartoffel im Bunkelrübensnmen nur
Wasser von 60—80° quellen die Sfi rkekörner zu einer gelstinösenMasse ,

H e i ster. MitJodfi rbt sich Stärke blau, beim Erhitzenverschwindet die Farb
Erkalten wieder. Sie reduziert nicht. Man hat inder Stärke zwei Bestandtei l
die Am y lose, welehe die Jodrenktion gibt, aber keinen Kleister liefert, 11

p e k tin, welches beim Kochen Kleister liefert, aber keine Jodresktion gibt.
mit verdihmten Säuren wird die Stärke inDestrose umgewandelt , durch
Permente in Erythrodextrin, Achmedexhin, Maltose (und nur wenig Dextrn

Die Dex tr ine sind Körper, welche zwischen Gly kogen und 8
und Maltose andrersedts stehen; sie werden bei der Einwirkung verdünnt.
der dinstntiscben Fermente auf Stärke oder Glykogen als Zwischenprodnkt
in Wasser stark klebend löslich. durch Alkohol fl ilbnr, drehen die Ebene c

Lichtes nach rechts (dsber Dextrin), spez. Drehung ungefi hr Von
blau gefl rbt (Amy l od ex tr in) , rot geßrbt (Ery th rod ex tr in) oder
gefi rbt (Ach rood ex tr in). Si e ginnnicht. Amylodexhin reduziert Pohl
nicht, wohl aber wirken Ery thro und Aehroodextrine mdaziersnd.

4. Das Inul in findet sich inder Wurzel der Cicborie, des Löwenzx
in den Knolleu der Georginen(Dahlia vsriatfllis). Bd der Spa ltung durch
es l nlose ; es steht zu dieser in derselben Beziehung wie die Sti rk
Als Zwischenprodukt entsteht l nlin (dern Destrin entsprechend). Spe1
des Innlimn — 38 durch Jod w i rd an nich t n fä rbt.
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«t. Oxs lsi urs, OOOH—0008 — k0mmt ah nxnlsnurer Knlk im Herne

6. B ernste insä ure ,
OOOH—OH

‚
— OH

‚
— OOOH— findet sieh st

der ?liissig hsit der ßohinnookken, in gsringsn hi engsn ist sie h mam

6. Oi tr ononsii ur e, 0‚ II‚ O,
in der h(ileh.

7. Ob olsöure (Oboi a lsii ur e), O„H„O‚
inder Galle (vgl. 511

II. N—ba lti g e.

1 . Harnstoff, dns Diamid der Kohlensäure OO (OH)„
der Hauptbestandtei l des Burns und des hstmtsiichliohe Endprodukt des Eiw
(vgl.

2. Guani d in und se ine Der i v a te.

Gnani din, ist Imidoha rnstot
'

l. Mi t dem O rni i
valeriansi ure) verbunden, bildet es da Arginin, ein Spslma ukt

(psg . Vom Guanidin leiten sich ah
K r ea tin, Me thy lg unnidinessi g si ure, oder

se,C<n1ong - en, - ooon,
NH

K r ea t inin, o, s, s, o Anhydrid des Kreation: NH = O<N

Krestin findet sich hauptsächlich in denMuskeln(vgl. 5 ferner
Kreatinin im Bern(vgl.

8. Die P ur ink ö r p e r (Al loxnr k ö rp er " ) sind eine Gruppe v
sich alle vun einem Kern, dem P u r in, 0‚

H
‚
N
,
ableiten.

6.

1 . 61— 08 Die Zahlen 1.
—9. geben die

7
an. in welcher man die Atome

2 110 5 C
kerns zu numerierenpfleg t , 111

NH
\ Ö

stitution der versch iedenen vor

leiteten Verbindungen leicht be
3 . N— C— N können.

4. 9.

Der Purinkern ist zm mmengesetst aus dem Pyri1nidinkern(s. 4) 1

azoikern(s. S.

A. Die Ha rnsii ur e, O, H, N, O‚
ist 2. 6. 8 . Tr i ox y p u r in

0

HN NII

Die Harns£ ure kommt im Hnrne vor (iiber Eig enschnflenusw. vgl. 5
in sehr geringenMengen im Blute.

Durch Oxydation der Harnsäure mit iibermsngsnssurem Kati entste
NH— OH—NII

es kommt in der Allantoisfliissigkeit
—00 NH

,

mancher Tiere (5 in geringenMengen aueh im normalen menschlichen
B. Di e Pur inbssen(N uc l ein od e r X nnth iw od er Alloxurbn
s) Ad enin, 6. Aminop ur in.

b) Gusnin, H
‚
N

‚O; 2. Am ino 6. Oxy p u r in.

c) Hy p oxnnt i a, 6. Oxy p ur in.

d) X anth in, 2. 6. D i oxy p ur in.

Die beidenAm in0p ur ine : Ad enin und Gunnin sind Bestandteil
säuren (vgl. psg . bei der Spaltung werden sie teilweise indie entspr
p ur ine : Hy p ox anth in und X sntb in umgewandelt.

D a



N— OH 4.

I
‘
h y m in, 0‚ II‚ N, O, ; 6. Motinl 2. 6. Dioxypyrimiün.

Dy tos in, 0„II, N O ; 6. Amino—2. Oxypyrimidin.

Ur aci l, O, H, N‚
O, ; 2. 6. Diox\'py rimidin.

y m in und C y tos in sind Besh ndteüe der Nuoloins£ uren; bei der Spaltung wird
11 zum Tei l in Ur ac i l übergeflihrt , welches daher ebenfalls unter den Spnttpro

Noela gefunden wird (vgl. pag .

Gl y k o k ol l oder G l y ci n(Am inoessi gsäu r e) , —C“OH , die ein«

uinosäure unter den Spaitungsprodukton des Eiweißes (pag . Mi t Obolalsfiure
ldet es die G ly kocbo lsfinr e der Galle (vgl. 5 118 ) rnit Benzoesüure gepanfl
nis Hi p p ur s£ nre im Harne vor (vgl.

Ta ur in (Am ino itthy lsulfosiinr e) , - OH, (NH, ) - OH
,
—SD

, (011) kommt mi t

e gepaart als
'

I
‘
nur ocb olsä nr e in der Galle vor (vgl.

9. B . Anorganische Bestandte ile .

"

1rga.nische Bestandtei le kommennebendenorganischen regelmäßig in allen Fliissig
I geformten Bestandteilen des Körpers vor. Nur ein sehr geringer Tei l dieser an

nSubstnnzen ist zufällig in denKörper eingeführt und an dieser oder jener S te lle
lieben, die Mehrzah l stellt einen fiir den Ablauf des Lebens notw end i gen Be»

1sr. Mi t denExkreten(Harn, Schweiß, Faeces) werden dauernd anorganische S toffe
Körper ausgeschieden; sie miissen durch die Nahrung ersetzt werden, absicht liche
der Salze der Nahrung (S a lzbung er, vgl. 5 148 ) fiihrt sehr bald zu schweren
und schließlich zum Tode. Der Gehalt der Flüssigkeiten undGewebe des Kör pers
m einen anorganischen Bestandteilen schwankt in der Norm nur in sehr engen
sucht man experimentell diese Verhältnisse zu ändern, so gelangt dies immer ma

esehriinktem Umfangs und sehr bald werden durch regnlntoriecbe Einri chtungen
lenVerhältnisse wieder hergestellt. Obwohl danach an der großen Bedeutung der
ben Bestandtei le des Körpers fiir das Leben kein Zweifel bestehen kann, so ist

einzelnen nur wenig Sicheres darüber bekannt. Eine große Rolle spielen di e ao

n Sslze bei der Aufrechterbnltung des normalen osrnot i sehen Dr uc k s in den
sigkeiten und G eweben (vgl. Aber auch auf das Mischungeverhiiltnis der

anorganischen Bestandteile kommt es in hohem Maße nu , wie besonders deu tlich
rvorgebt , daß bei der Durchsh ömung über lebender Organe (z. B . Herz , 38 ;
OG) Sslzlösungen von ganz bestimmter Zusammm setsung ih rkembe, 1 5a
0 Lösung, vgl. 38 ) verwandt werden miissen und auch nur ganz geringßg ig e
111 in der Zusammensetzung der Lösung die Verwendbarkeit beeinträchtigen oder

Wasser : Der mittlere Wassergehalt des ganzen Körpers beträgt nach B iechqfl"
echoensn Er ist am höchsten beim Foetus (97,EW,

schon erheblich
beim Neugeborenen und nimmt mi t zunehmendem Wachstum ah . Bei

11hrungssustande ist der Wassergebslt des Körpers niedriger als bei schlecht E:

a das bei Ü berernährung angesetzte Fett sehr wasserarm ist. Am wasserreiebsten
denBestimmungen vonEng els

"
an Hunden: Lungen B lut, Darm, Ni eren

im Muskel am wasserärmsten das sum. dns Zahnbein
1r der Zahnsehmelz fast gar kein Wasser. Fast die Hülße des im ganzen
urbnndenenWm ers befindet sich in denMuskeln.

Gase : S a uer stot
‘

t
’

, physikalisch absorbiert und(hauptsächlich) ehemineh gebunden
in den übrigenKörperfliissigkeitennur in sehr geringenMengen. Aus ini t

lä umen im Körper , die nicht dauernd mit der Außenluft inVerbindung stehen
Bauerstofl allm ählich von denWendungen absorbiert (vgl. Magengaso 109, Darm
Pnuksnhöble S ti ck stoff, physikalisch absorbiert ingeringenMengen

i 33 , III, ebensoArg on) und den andernKörpeflliissigkeiten. Am Stofl‘w0ehsel, ir
organisch gebundene N der Eiweißkörper eine große Rolle spielt , hat der gas

keinenAnteil (vgl. 586. W a sser stoff entsteht durch die Gi m p



verginge im Dnrm nnd flndet sieh dnher in den Dnmgssenßl23 ), wentuell a

Mugenm m , gebt vnn hisr in dns ßlut nnd die Ausshuungslufl iiher (ä ß6

Ammoni a k entsteht als intermediiires Produkt beim Stofl
’
woehu i der Ri

durch die Desaminiernng der Amh osiiuren (ä l6l) ; der größte Tsil wird in der
a m ntot! synthetisiu t , nur ein kleiner l geht ds Ammoniumsnh in

Bei der ammoniakfl isehea rngkrung wird Ammonink nua rnst

macht
8 ehwefe lwa seerstoft

’ kommt als Produkt vonGärungen im Darm (6 1
Hm 169. A. 3 ) vor. [K oh l ensäur e ist das Endprodukt der Verbrennung
nischenKörpu henhntiteile ; sie findet sieh in reichlichonMengen physiksiiseh abs

(hauptsächlich) chemisch gebunden im Blut (533 . 11), 1111er auch in allen under
flüssigkdtsn und G eweben].

III. Metslloide : Ch lor kommt in Form von Chloralknlien ha tsüehl
Körperflfiesigketten vor (Blut 01, Lympbe, Hm , Schweiß), als e sm.

im Magensnfto (vgi. ä weniger oder gar nicht inden ge!
stsndteilen, so enthält nach Uran " die Muskelsubstanz selbst kein oder nur
Einen besonders hohen -Gehalt und höher) bat die Haut (Wohlgn

Der mi ttlere Oil iehslt des ganzen K ers betriigt fiir denH
fii r denMu nken (Magnus. beim Foetus ist der 01

höher beim menwhlishen Foetns), er sinkt mit zunehmendem Ki).

wie der Wassergehalt (s. oben) Durch chlorarme Ernährung , 8

Hunger kann nur eine geringfügige Abnahme des OioVorrats des Körpers 111

werden, da unter diesenUmständen sehr bald die Cl-Am heidung im Hm 1

wird oder aufhört ; stärkere Verringerung bis auf des Normnlwerts kanndu
fli tterung (5109) undEntleerung des nbgeeondertsnhing ensnflee nach snßen bewi1
Durch eh]orreiche Ernährung kann der 01-Gebeit des Körpers stark erhöht we
1indet nncb Ausseh en der Ol« reichen Ernährung ein schneller Rückgang des
statt

B rom findet sieh in geringenMengen(nach Justus" in 106
Organ, naeh Laba t” bedeutend weniger) in allen untersuchten tierischen und m

1 1rgnnen, em rdehlichsten inNelmnniere, Sch ilddrüse, Nitgoln, Leber. Bei 01'Enh

g idchseitiger fiinfuhr vonflnßr kmn ein
'
l‘eil des ßl im Kdrper th mh ßr srm

(c hi
'

n. Schm ä
'

m nowsbi“ ,

J od wurde vonBaumann“ in der Schi lddrüse gefunden in organischer !
J odo tby r in 192. I) (Bommnm n. aber auch in fast allen ande1
finden sich sehr geringe Mengen Jod
F luor in Knochen und fi lmen in sehr geringen Mengen,

(Gabm l” , aber aueh spurweise in andernOrganen(Tammmm“
,

Naeh Zufuhr von hin?] wird PI im Körper zm*iiekgehalten 1

S ch w efe l kommt im Körper fast nur in o r gani sch er Bindung vor, 111
in den Eiweißsh fl

’

en (Oy st in, vgl. am sohwefelreichsten sind die H

der Sehwet
‘

elgehatt des Muskels beträgt 1 der Tmckensnbstanz (II
Innieht eiweißnrtiger Form kommt Schwefel in der Galle vor

Knorpel als Rhodanverbindnng irn Speichel (ä
(5 Harn 169. A. In anorganiseber Form findet sieh Schwefel inden
Körpertidnsigkeihn und G eweben so gut wie gar nieht ; im Harn sis 8alfnt
schwem 169. A. 3 ) , bei Fleischfressern auch als unterschwetlige Si

kommt im Speichel mehrerer 8ehneeken (Dolium gnlen,

P h osp h or ist vorhanden in or gnni sober Bindung indenNukleo und .

proteiden im Lecithin und den anderen Pbosphstidon (S. in an
Bindung als Calcium und Msgnoniumphospbnt in den Knochen, als A1knliphospi
und den Klirperfltissig keiten. Im Esra erscheint die Phosphorslure gebunden
und Erdalkalien 169. A.

Ar sen wurde als re

g
elmäßiger Bestandtei l in gewissenDramen von Ga

allenOrganenvonBer trand nachg ewiesen; dieseAngabensind nllerdings vielfnc

(Crr 11y
“

, Höci lmosrr Zicmlce Ktmlcel

B or isnden ßartrond und Agulhon
” konstsnt in tierisehen 0rgnnen

und Eiern.
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Physiologie des Blutes.

10. Allgemeines über die Bedeutung des Blutes.

Blut vermittelt die Beziehungen der einzelnen Organe des

untereinander. In der Lunge und im Magendnrmknnnl (entweder
oder indirekt durch die Chy lnsgefliße) nimmt es die ftir die Le bens
ge notwendigenStoffe : Sauerstoff undNnhrnngsüofl

‘

e auf und träg t

einzelnen Organen zn. Andrerseits nimmt es indenOrganen di e
Lf8 des Smfl

'

wechsels entstandenen Produkte auf und führt sie den

eidnngsorganen zn: Lunge, Haut, Niere . Zum Teil sind die inden
eu Organen entstandenen Produkte Endprodukte des Stoffwechsels‚
1e wei teres zur Ausscheidung gelangen können, zum Tei l bedü rfen
r zuvor noch weiterer Veränderung ; sie gelangen in letzterem Falle
111 Blnte von dem einen Organ

,
in welchem sie gebi ldet worden

zunächst in ein anderes Organ,
in welchem sie erst in das zur

eidnng geeignete Stoflwechselendprodnkt umgewandelt werden. 80

B . in den Organen entstandene GO, undNH, vom Blute zunäch st
Leber geführt

,
hier inHarnstoff umgewandelt

,
dannmit dem B lute

Niere geführt und hier ausgeschieden. Endlich kommt es auch
115 in dem einen Organ geb ildete Stoffe in einem anderen Organ
ze Funktionen anszniiben haben; auch hier w ird die Ü bertrag ung
das Blut bewerkstel l igt.
)as Blut bat die bemerkenswerte Fähigkeit

,
trotz der v ielen Ein

welche auf seine Zusammensetzung einw irken
,
si ch hinsichtli ch se iner

edenen Eigenschaften annähernd konstant zu erhalten. Jede beg in
Änderung in der normalen Zusammensetzung des Blutes beding t
eine erhöhte Tätigkeit der Ausmheidnngsorgane, welche in k ürze
it Wieder die normalenVerhältnisse znrtickfiilnen. Gentigt zeitwei lig
tigkeit der Ansscheidnngsorgane ni cht, um erhebl ichem Änderung en
ntes sofort anszngleichen, 80 tritt ein Austausch m ischen Blut und
flüssigkeit in Kraft ; abnonne Bestandteile des Blutes können zei t
in die Gewebe abgeschoben

,
andremeits Flüssigkeit aus den Ge

indas Blu t aufgenommen werden. Für die Konstanz der Blutzu
nsetznng ist endli ch sehr w ichtig die große Geschwindigkeit , m it
3 Blut im Körper bewegt w ird : Stofl‘

wechselprodnkte, die im Laufe
Tages in beträchtl ichenMengen im Körper gebildet werden

,
finden

her ineinem gegebenenAugenblicke ofi nur in sehr geringer
,
eben

aisbarer Menge im Blute
,
da es bei dem schnellen Transport zu den

eidnngsorganen niemals zu einer Anhäufung derselben im B l ute



Tätigkeit der Organe auch die Znsammm eh nng des Blutes geändert nein;
ung efährlenßr iin®n ist aber in denmeisten i

'

fl lan auch hier die Ändern
fi gig . ErheMiehe Änderungender Eigenschaften des Blutes, Anhflnfung krank!
in demnlhm usw. kommen erst bei schweren Störungen der normalen V

11. Physikalische Eigenschaftendes Blut

1 . Die Fa rbe des Blutes wechselt von hellem S e

in den A rterien bis zum tiefsten Dunk e l r o t in den Venen
auch die Luft) macht es hellrot, O-Man el dunkel . (CO„w irkt
Farbe des Blutes ein.) Das O- freie lut ist d i ch ro i t i sch

,

scheint be i auffallendem Lichte dunkelrot, bei durcbfullendem
Die Farbe des Blutes rührt her vonden inder farblose

keit schwimmenden ro ten B l u tk ö rp e rch en, welche denB l
oder das H ämog l o b in in sich enthalten. Der Farbstoff de
also nicht im Blute inLösung vorhanden, sondern inForm kl<
l icher Teilchen in der Flüssigkeit suspendiert; dies bewith
Blut auch in dünnen Schichten (wennman es auf ein
ausbre itet) undu rc hsi c h t i g oder „deck farbig

“
ist. Durch

verschi edenartiger Einw irkungen am einfachstend
vondesti lliertem Wasser zum Blut

,
kann manbew irken

,
daß

stofl
'

aus denBlutkörperchenaustri tt und inder Blutfliissigkeit
das Blut w ird dann du rch si c h t ig oder „lnckfarbig

“
.

Nach Koeppe
‘ ist das deckfurhige Aussehen des Blutes dadurch be

Wand der rotenBlutkörperchen 11118 einem fe ttur t i g en8101! besteht und di
suspendiert , wegen der vernehiodenen Liebü»rechnng das Wasser 1111d

Wird Blut in sehr schnell rotierenden Zentrifugen (über 6030Umdrehungen
zentri1

’

ug iert, so daßdie Blutkörperchen oh ne j e d en Res t v on Zwi scho
aneinander gept werden, so emcbeint die Blutkörperchenäulo lackfnrtn,
Blutkörperchen wieder im Plasma verteilt, so erecheint das Blut wieder doc]

Werden die roten Blutkörperchen zum starkenEinachm rnpl
'

en gebrael
Vermischung des Blutes rnit konzentrierten Sulzlösnngem so wird die Fa
schar1achrot, heller als jemals in denArterien. Beim Vermischen mi t Wm o

die Farbe des Blutes dunk e l.

2. Das spez ifi sc h e G ew i c h t des Blutes beträgt
1066— 1060

,
bei Frauen 1060— 1066 . Das spezifische Gowie

Blutkörperchen ist 1080— 1089
,
das des Plasmas (und

1027— 1030; hieraus erklärt sich die Ne igung der roten Blu
sich zu senken.

Me t h o d e de r B es t i m m ung. 1. Nach Sciomoltz’
. Ein Glanöhr

py tnmnehar) von innerem Durchmesser und 12m Linge rnit verengte
der Inhalt gut znriickgehalton werden h un, wird erst leer, dann mit de: fill
dann mit Blut gefli1ß gewogen. Das Gewicht des Blutes dividiert durch (1!
Wassers gibt das spec. Gewicht des Blutes. (Eine zwecb nflflige Modifih fionder
Oepilh ren gehen Loewy u. v. Schr ä tler '

an. ) 2. Nach Hammerscklag
‘
.

des zu untersuchendenBlutes bringt man in eine Mischung von Benzol (apa!
nnd Chloroform (spa . Gewicht welche annähernd dumlbe spes. Sov iel

hat. Je nachdem der Blutatrop1
'

en in der Mischung 1110131 oder ßllt, mgt ma
Benzol oder Ch loroform hinzu, bis der Blußiropfim in der Mischung schwebt,

L ande i o- B on mnnn Phyoiologlo. 14. Aufl.
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DxeR e a k tion des Blutes wurde bis vor kurzem allg9m

\ise\1 gehal ten auf G rund des Verhaltens gegenüber Lac]
man einenT r opfen Blut (noeh besser einen Tropfen einer
g\eiehen

'

Ye
'

11en Blut und konzentrierter Natriumsulfatlösnng]
l iebes fliederfarbenes Luckmuspapier und saugt so lei ch den
dessenEigenfarbe die Erkennung der Reaktion ver6indert, n
fort

,
so hinterbleibt auf dem Lackmuspapier ein blauer Pl

ist aber selbst eine mittelstarke Säure
,
es tre ibt die Kohlensä

Verbindungen aus und ist also zur Untersuchung der Reaktio
keiten, die Carbonate enthalten, w ie das Blut, ungeeignet. U
8 1a mit kohlensä ureempfindlichenIndicatoren, wi
phthalein,

so erweist sich die Reaktion
,
in Ü bereinstimn

oben erwähnten Untersuchungen, als genau ne u tra l
J . H . Schultz

Das Blut hat die Fähigkeit , e ine bestimmte Menge v
zunehmen

,
ehe es anfängt

,
sauer zu reagieren

,
und zwar

Gehaltes anCarbonaten(Mononatriumcarbonnt) undEiwe iß ,
falls Säure zu binden vermag . Durch Titrationmit einer 81
Größe dieses „S ä urebindung svermög ens

“ bestimmt we
haltenenWert

,
ausgedrückt dureh die Zahl von mg NaUH,

Blut äquivalent sind , bezeichnet man als (T i tra t i ons- )Alk z
B l u te s .

Quantitat ive Bestimmung der A11m1escenzdes
fa r b i g en B lu t es. Man titriert ein bestimmtes Volumen Blut mi t f,
(1 m

'
= 4mg NaOH), bis blaues Lackmuepepier nich rötet. Um die Boetin1

Blutmengen ausführenzu können, verfl brt mannach Landoie-e.

Man ba eitet sich eine Anzahl vonWeinniinrelöenng en abnehmender Acidi
om' konz. Natriumeulfatlösung ; Li

,h -Ncrmnlweinm
’

lure cm' konz. NntrinmsuliailÖenng und so wei ter bis
; h Nnrmnlv cim änre4- Oßcm' konz . Nah inmsulfntlöeung ; ferner Lösung
Normalweinsiiure -i 0, 1 cm

' konz. Nntrinmsulfatlösung bis Lösung 18 :
weinsl ure+0,9m ' konz . Nntrinmeulfntlöenng . Mit einer 0apillnrpipeth
ein genau gewonnenenQuantum Blut, und seh t es der Reihe
der obigen Lömmgen, mischt und prüft die Reaktion m it Inekm 1mpa

diejenige Weinsh relöenng , welche das Blut gerade neutralisiert, und bm
.\lknlescenz des Blutes. 1(l) cm' Menocbenhlnt haben nach dieser Metb
een: entsprechend 260—3113m9 NaOH

2. T i t r a t ion des 1nck fnrbi g enB lu t es. Low y empfiehlt,
Titration h ektarhig zu machen, so daßder Inhalt der roten Blutkm
der

'

l‘itrnfion dwkfnrhigen Blutes in unberecbenbnrer Weise an der Reaktä

vornherein an der Reaktion teilnimrnt ; die Bestimmung int dm von de]
abhängig und M t sieh whne1ler und sicherer ausführen. In ein 60m ' fa:

dessen Hals zwischen und in f; m
' geteilt ist , gibt man 46

von m lnurem Ammon, welche die Gerinmmg verhütet und die Blutkö

und en. fi rm ' Blut ; die genaue Menge, die verwendet worden ist , liest
dnierung ab. Nach der Mischung titrieu°t man mi t Normalweinefiure n
von h ekmddpapier. Lmnry

” fand nach dieser Methode die Alkalesc
Mm benblnt = 447—4108 mg Nn011 ; 8 traqß" desogen nach dermlb<

3(l )— 360mg N11011 .

Das Blut hält seine ne u tra l e R e ak t i on im lebenden
es sche int

,
unter al lenUmständen aufrecht. Werden inden]

eingeführt oder entstehen solche im Stoffwechse l (unter patho
hä ltnissen oft in großer Menge

,
z. B. Acetessigsäure, Oxybul

Diabetes
,
vgl . so werdensie abneutrnlisiert

,
entweder

anNH„ wel ches aus dem Eiweißstofl
'

wechsel stets zur Verfügt



Rnnltflnn (100 Blutes. Die ßl ll tkol’pfl
'dnfl l .

Audrerneiß werden indenOrganismus eingeführte Alkalien d

ta reichlich vorhandene Kohlensä ure neutral isiert. Wenn also

ioser regulatoriechenEinri chtungen die R eak t i on des Blute s
anak tu e l l enH undOH- Ionen) stets annähernd unverändert bl
11 dabe i doch die Ti tra tionsalka lescenz (das Vermögen, 8 1
len

,
durch Abgabe weiterer p o tenti e l l e r OH- Ionen) schwank en

undie saurebindendenValenzendes Blutes bereits anderweitig n
eniger inAnspruch genommen sind . Die Titrationsalkaleseenz
unter physiologischen Verhältnissen Schwankungen nach oben
(bis um 76 mg Na OH für 100cm' Blut; Durch st1

läfigkeit w i rd sie infolge der Sä ureb ildung im Muskelgewebe
K inder undFrauen haben e ine geringere Alheles<

nner
,
Wöehnerinnen eine geringere als Schwangere

eine stärkere alsNüchterne Nach dem Austri tt
ernimmt die Titrationsnlkalescenz bis zur vollendeten Gerinn
usitab, und zwar um so schneller, je großer die Alkaleseenz

3rul1t auf einer Säu rebi ldung, an welcher die roten Blutkö rper<
einernoch unerfomchtenZersetzung betei l igt sind . Höhere 'Mmpm
kn]izusntz befördern diese Säurebi ldung (N. Altes

,

l8801
'

aus trockenen Stel len aufgelöstes Blut reagiert me ist an

Auch unter ‚mtbolog iecben Verhältnissen hat sich die B en

111 (der Onhult nn aktuellen11 und011-11111e11) in den bisher untersuchtenFä lle
11 neutral erwiesen, so bei Diabetes Nerven und Geisteskrnnh n
ben Anteil (J . H. Dagegen zeigt die '

l‘itrntionsalknleecenn
neben Verhältnissen Schwankungen nach oben und unten. In Come diub e1

ine sehr starke a iodrigung der AlkaW en: (Magnue Gifte, welche
nur Blutkörperchen bewirken, vermindern g leiet die Alknleseenn (K ra us

Der G efr i e rp unk t d e s B l u tes l iegt bei C (K
Vgl .

_e
‘

l 2i .

Blut bet einen eigentiimlieben G e r uc h. der bei Menschen und Tieren veroch

soll 1111! der Gegenwart flüc h t i ger Fe t ts i urw beruhen. Der sa tin
net des Blutes rührt her vonden in der Blutdlisaigkoit vorhandenen Seh en.

ber die Vi sco s i t i t des Blutes vgl. 5 48 , aber den Re fra k t i ons k o

%28,

12. Die Formelemente des Blutes.

Die rotenBlutkörperchenoder Ery throcy ten(Fig . 2 11. 2 0

beim Menschen 1673 vonLecuwenlcoek , heim Prosel1e 1658

m in». entdeckt.

ensehliebe rote Blutkörperchen sind miinzenförmige Scheiben
eidger tellcrtörmiger Aushöhlung und abgerundeteru Runde . S ie
von ge lbl icher Farbe und einem Stich ins Grünliche. Sie besia
Säugetieren k e inen K e rn: dieser verschwindet bei der Barv

ar rotenBlutkörperchen aus den kernhulfigenEry ihroblasten
1rbnndensein einer H ü l l e wurde früher fast allgemein beetrit

1er neue rdings w ieder mehrfach behauptet (Dedj en Weida ereie
AW “

, Löloner " , Sie bestehen 1. aus ea

Isubstnuz, einem äußerst blassen, weichen Protoplasma :

11 und 2. uns dem roten B lutfarbstoft
'

,
dem Hä mog lo

'

e m



D1111 Hämoglobin kann in den roten Blutkö r p e rchennicht etwa in gelöet<
vorhanden sein: da die roten Blutkörperchen 82 Hlnwg lohin und
enthnlten, wiirde eine Hämoglobinlösung resultieren; eine solche kun
bestehen der geringeren Löslichkei t dee B i moglobinn(Rollei !

Nneh Weidenreid "
soll die normale Form der rotenBlutkörperchen de

ni c h t die bikonkave Scheibe, sondern eine konvex—konkave Gloekenfnrw sein.

LM "

Der Du rc hme ss e r der roten Bl utkörperchen dee Mensche
11 , die B and d i ck e u.

,
die dünne Mitte — 2 11. (Fig . 2)

Vie. 2. Fig . 2

Fig . 2 . A Rote E]utkbrpereheß rem Montelmn: 1 von der Mi et e, 2 von der E.:

M u ; geld.m llens Aneinm du lnm nnde r roten Blut
Bletk0rpefl hcn vornFm ehe z vonder Fll ehe . 2 von der Kante une w hen. C

Qnenehniß einenvoten Blutkörperchen vom Menschen be i 6M ßeber "neu er Vncrfl
Dorehmeu er . e gr66®e (Bund Dicke . Mennhliehee Bintp rl pnnß: roi

h0rpereh en‚ dm ineben einige weiße .

Bei Ge sund en sc h w ank t der Durchmesser von 6 —9p ; die 1

11 . Ve r k leiner t werden die Kömm hw dureh
wäm e, CD„ 11orphinm, vergrößert durch 0,

fir\ 1

genuß , %inin, Bh ueflnre M11nm e?» [Pathologiarhe ?erhfl
Ou We inm eu eines
mm'

. Nin1mt man ä e Gesamtbiutmnsse deeMwmhenzu
sämtliche darin enthaltene Blutkörperchen eine

Qundrutfl£ehe von Schritt in der Sei te (Welcher”
) Das V olum en

k ö r p ereh en im V e r h ä ltni s zum Pla sm a kann man ‚ indemvermischt mit 81a ebee Teilen m ungabemmendm° Be 1 1

Ko®nin Nntriumoxnlnt), oder m erminehtea Blut in mit Öl
ineinem dünnengnduiertonGlueröhmhen(Häma t ok r i t) aren—

‘

i (Hedifl
B erlin“ iu d das Volumen der Blutkörperchen bei Männern an42, bei Franc
bei m inimhm Perm em eind die Werte viel geringer. Mit sehr schnell mtiere
fug en (über M M Umdrehungen in der Minute) kann man frisrbes Blut ohne j
zenhi fngiemn, bevor Gerinnung einh i ti ; die Blutkörperchen werden dabei 110

gedrüekt, daßnaeh der neu Rest vonPinernn zwischen ihnen entfernt wird
körperebennflule em heint lnefi arbig , vgl. png . es wird dann also das ubseb

der rotenBlutkörperchengemem (Komm 1'enösenBlut hat eingrößeres Vol
Erytl1rocyten 11111 arterie (Hamburger

er haben im Durchmhnitt 6 Mi llionen, Frauen45Mi lli
Blutkörperchen in 1 mm‘

,
in der gesamten Blutmasse (ca . 6 ! 1

26 Billionen. Die Zahl steht im umg ekehrten Verhältnis zur M
‚
woraus sich ergibt , dußje naeh den Contractionszueti
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dünntenBlutee. Eine sehr zweckmäßig Form der Zählkammer, welche die Fehie1
Kammern vermeidet , sowie andere Verbesserungen der Methode hat Bürlcer“

Zur Z ä h lung der w ei ß en B lut k ö rp e rc h en verdünnt man das Blut
und zwar mit einer Essigsä uremischung , durch weiche die roten 8 11
aufgeiöet werden. Zur Färbung der weißen Blutkörperrben setzt man der Flii i
Spur Methy lvielett hinzu.

Die roten Blutkorperchen zeichnen sich durch gro ß e El:
B i egsamke i t und W e i c h h e i t aus. Sie können infolgedessen
deren Durchmesser kleiner ist als der eines roten Blutkörperche
Formänderung passieren.

Blutkörperchen erhalten in entleee und sogar defibrinier
wenn W er inden K reislauf zurückgebrncht w ird , ihre Le
Funktionstä bigkeit ungeschwächt. Wird Blut aber bis gegen

s t, so ist die Lebensmbigkeit der Erythroey ten erloschen
solchen Biete lösen sich wenn es inden Kreislauf zurückgebrt
schnell alle Blutkörperchen auf. Kalt aufbewahrt kann Sm
4— 6 Tage lang s ich funktionsfähig erhalten.

In 11 entleerternBlut legen sich häufig die Blutkörpercl
rollenurtig aneinander (Fig . 2, A.

Fig .

Koh B lutk”onehen 111 vem b iedenen Fem verh dm ng en nad Auflbeu geeudiea :

lnderte rote Blutk0rperelnen vom l eneeä en bei vereeh iulener Einte i lung dee
neb lim lfßnnig e Vertiefung em beint weg en der veneh ielh nen Einteilung veneb£edm
d e eog ennnnte 9 A ‚Sh ehepfel oder fl orp netem fom

‘
; ‚ Ku

ebaebleß°e Kugeln; 1 8trorne ; [ dureh tei lweiee Weeu rentniehnng !eltig geeeb rnrnp
Blutkörperchen vorn Fmee6 e

Nach der Entleerung aus dem Körper bew irken schädig
die auf die rotenBlutkörpercheneinwirken

,
bw mders Fin

von osmotischenDruck w ie des Bintpinsmn leicht (
veränderungender Blutkörperchen. Manche Einwirkungenbrin
Reihe vonFormveräuderungm hintereinander henor. Liißt
die Funken einer Ley dener das Blut trefl

'

en
,

so wert
alle Blutkörpemhen „mau l b ee r fö rm i g“

,
d. b. die Oberfläche 1

und rnit und kleineren rundlichenHöckernbwetzt Fig
Weiterhin werden die Blutkörperchen fast kugelig mit v iele1
rag enden Spitzen, „steehnpfel i

'

örm ig
“

(g Alsdann nel
Körperghen völlige „K 11 an (5 i) . in dieser G®stadt erscl
kleiner als die normalen

,
da sieh ihre seheib

e
ni

‘

i rmige Masse
“gel von kle inerem Durebm . Endlici1 trennt
Blutferbstofi

’

vondem S tromn(k) , die Blutfltlssigkeit rötet sieh
,



Osmotischer Druck . Gefrierptl l lkteerniedrigung . [5 1

ma nur als le ichter Sc h atten erkennbar ist Das B l ut i

lackfarb ig geworden.

wärmt man auf einem heizbaren Objekttische ein 8 1a
111 zwischen 56 und 60° die Blutkörperchen eigenartige Gestalt

werden tei ls kugelig, te ils bieknitflirmig anseinande
mitunter dnrchlöehefl

,
oder es echniirensi ch größere und kleine

n der Kömersubstanz vollständig ab und schwimmcan in der 111

nFlüssigkei t (Max Be i Erwärmung anf 60— 64° w ä
— 20Minuten löeen sich endlich die Erythrocyten völlig auf.

ungen können die Blutkörperchen innerhalb der Gemße dieeeüm
rungen erfahren (vgl . 33 18 .

Konserv i erung der roten Blutkörperchen dienen: Pacinis Flflnaig hn
r. hi0hlorat. 2. Nntr. chlorai . 4. Glycerin. 26. Aq. deetill. 226. Vor der Anm dn
endoetillintenWassers zn verdünnen.

Hayems Flüssigkeit : Hy drnrgy r. biehlorat. Natr. enlfuric. Noir . eh!orai.

Osmotischer Druck. Elektrolytische Dissoziati on.

e (Hype r nndHyp isotonie). Pe rmeabi l ität der Erythroey ten

xmotßcher Druck. Wenn in einem Gefiß eine Lösung irgend einer Sonst:
rznekerlösung ) mit destilliertem Wm er vorsichtig übernchicbtet wird, so daß ke

mg der beiden Flüssigkeiten stattfindet, so wandern die Teilchen der gelösten 8
Robrumkenhiolekiile) der W irkung der Schwere entgegen allmählich in 1

1 Wasser empor, bineine völlig gleichmäßige Vermischnng eing etrebenist (Di finsie
midenFlüssigkei tendureh eine Membranvoneinander gek onnt. so hängt das weiß
von denEigennahnfhen dieser Mem bran ab. Ist sie tiit das Lösung smi ttel (Wann

relöete 8 11s (Rohnnckcr ) völlig nndnrehgflngig , 90 können die bei den Fi fa :

tflrlicb überhaupt in keine Beziehung zueinander treten. Int die Membran fi ir 1

ittel und die gelöste 8 11s in gleichem Maße dnrehg ingig , so tritt na tfir l
ein 90, nie oh keine Membran vorhnnden wi re. Es kannnun aber dri ttens
he lbdnrch ll sni g (sem i p erm eubel) sein, 11. h. durchlüssig fiir das Löm
u ser ), eher nndnrchllneig für den gelösten Körper (Rohrzueker i. (Derartig e M1
innen künstlich hergestellt werden; sie kommen außerdem im Pflanzen und 13

Indiesem Falle werdendie Moleküle des gelöstenKörpers ebenfalls denBestrd
dns destillierte Wasser einzudring0n, aber auf ihrem Wege dahin werden Sie dm

man, die in für sie undnmlxg i ng ig ist, aufgehalten. Sie werden daher einen DH

[embrnn ausüben, und diesen Druck nennt man den osmot i sc h en Dr uc k.

el
'

rim unki serniedrigung . Der oemotimhe Druck einer Liisung kann din
werden in einer Weise, deren Beschreibung hier zu wei t fiihren würde. Indie
gemessen dureh die Bestimmung der Gefr i erpnnk tserni edr i g nng . Um v

rr Gefrierpnnktserniedrignng die Difl
'

erenz zwischen dem Gefrierpunkt der zu um
Lösung und dem Gefrierptmkt dee deetillierton Wassers und bezei chnet di en
A. Die Gefrierpunh nrnie<irignng ist dem oemotiachen Druck direkt pmportioo

11 m e derselben den onmotischw Druck berechnen. Hä ufig fiihrt mm diem
aber gar nicht aus , sondern gebraucht die Gefi ierpnnktnernie<lrignng selbst

fiir die Größe des osmotinchen Druckes.

e Bestimmung von A erfolgt mit dem Bech nannschen G e fr i erpnnk t a
ng sepp a rnt Derselbe besteht nun einem Küh lg efiiß zur Aai ach
lterniachnng (Eis und Kwhsnlz) , einem in die Ki lternincbnng einh uchn i
)hl’, welches 1 111 Luftmnntel dient und in welchem sich, rings vonLaß nmg eb
: e fr i er roh r mit der zu untersuchenden Flüssigkei t befindet In die Ftüsai—g )
nRührer zum Umrühren und ein in geteiltenBeckmannscbee '

I
‘
heruwm ei

heim Ahlesen minelzt einer Lupe noch zu schätzen gestattet. (Das Then
gt anseinem oberenEnde einQneckxilber lleservoir ; man kann mit Hilfe dessen
hermomeh r selbst befindliche Qnecksilhermongo ver£ndern und so denTherma



und dan Gei
‘

rim

deetilliertenWans«

eehr große Gene
Benümmnng ermö
von Nm u n.

Raoul! mW
Vam

’
t HQ ]

1887 den

nnmoti eohe DI

st änd ig dem
D

g le i c h gese tz
Appent m r W em nhM mmnng na h M m ». nee k ann; eingelöstbe End da Thu mon10tm vergrößerte Mnßet.nbe .m hält e1ch m einer

[1 Gen. Ein in einem benfimmten Rnnmie1]e Wm er gelöfler Stoß übt dennc
when Drnek ann, den er als Gu drnek annähen wüde , wenn er bei Abwe

111 den gideha Raum im gnnförmigen Zum de erfüllte. Die Gasm etu

eiehen Sinne naeh fi r den oamoä eehen Druck. Wie u ch dem Marcotteeehen
W ater T

e
mpt der Druek eines Genender Diehtigkeißdm !hen proporti
Druck einer wenn bei konstanter Tempm tnr der Konz

m lbem pm rännnl, d. h. eme 3 4 m . Lösen; eines Stofles het de:
eifnchen, vi 11 1enusw. osmoä eebenDruek (md em die doppelte, dreißeh
w. Ge&i v ie e

'

me l°l ise Mnng desselben Stat es. Gen
1eh dem Genen da k , t nt naeh der eemci innhe
thebans der Tempentnr um ia 1

°
em denDrunkee bei Und nehließl

1011 der Awgadraneiwn Regel der Gnedruek, eo naeh der oemotinehe Drnek nn
11 der N a tur der gelösten Snlnhnz und allein beding t von der Zub! der 1

findliehen Moleküle. lö st man daher von vermhiedenen Stoflen jedem
m m. 1 111 dem Molekulargewi cht entnpri&t, oder ein „Mol

‘

(2 . B. 3423; Rohr.

9 Hu mtof ) in demselben Volumen Wam r auf . so heben diene Lösungen
mofinehen Druck (und denselben Gefidewpunkt). Äqu imoleknle re L ö sung
eneelben osmot isc h en D ruc k (und d enselb en Gefr i e rpnnk i). Die

uns eines 8M ea. welche in 1 Liter Wasm 1 Mol dee%Em enthält, hat
der Nuh r dm Steefies (bei Elektroly ien int die Dimoziafion zu berfi

Fehlern bei der ]
sind eine Reihe vo
maßregeln zu be

Temperatur der

mhnng eoll nur

unter dem zu 1

Gefrierpunkt lieg
terkiihlung darf
und mußbei jede
gleich nein; das ]
möglinhat gleichn

gen; vor der Ah
dan Thermomel

Klnpi
'

en em bütü
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Damotiwhes Verhalten der roten Bintkörpereben

Konzentration (Hy
oä
i isotonie) quellen sie unter Wasseraufnn

Änderungen des Ve umene der roten Blutkörperchen in 83 1216
schiedener Konzentrationen können mit dem Hämatokriten (v
nachgewi esen werden. Hat die Quel la einen gew issen G rad
platzt die Membran

,
dns H ämog l o b in trennt sich vom S tron

sich inder umgebenden Fliissigkeit : das Blut w ird la ck fa rb
Die roten Blutkörperchen sind aber keineswegs für al le

undurchlässig
,
sondern für eine Reihe vonStofl

'

en vollständig
Permea b i l i tä t der rotenBlutkörperchen. Diese Substanzenmuß
scheiden insolche, welche für die rotenBlutkörpercheng i ft i g,
welche ni c h t g i ft i g sind . Zu den letzteren gehört z. B. der

Für diesen sind die rotenBlutkörperchenvöl l ig durchlässig ; H
Blut hinzugesetzt

,
vertei lt sich gleichmäßig auf Blutkörperchen1

Daraus ergibt sich
,
daßder Harnstoff inseinenLösungeniiberha

o smo t i sc h enDruck auf die rotenBlutkörperchenausübenhat
j a seinem Eindringen keinenWiderstand entgegensetzen. 11

lösungen j eder K onzentra t i on verhalten s ich daher die
körperchen w ie indesti ll iertem Wasser : sie lassendas Hi) nust
man dagegen Harnstoff etwa zu einer Kochsalzlösnng , welche
rotenBlutkörperchennnveriindert läßt, so bleiben dieselbenna
unverändert : der Harnstoff ist also an sich nicht giftig . Ganz
hält sich eine G ruppe von Stofl

’

en
,
als deren Typus des A 1

c h l o r i d gelten kann. Für diese sind die rotenBlutkörperchen
zugleich aber w irken diese Stoffe auch direk t giftig auf die

körperchen. Sie bew irken daher auch danndie Auflösung dem
man sie z. B . zu e iner Koehsalzlösnng hinznfligt, die an si ch 111
Blutkörperchen indifl

'

emnt ist.
Es besteht schließl ich aber auch eine P e rmea b i l i tä t

Blutkörperchen für gew isse I onen. So sind die rotenBlutkörp
völlig undnrehlitssig flir die elektr0positivenK und Na-Ionen
salze

,
dagegen du rch l ässig fii r d i e e l e k troneg a t i v enS ä e

CO., Cl, NO„ 80, u. a . Es kann aber ein Eindringen von I
roten Blutkörperchennur stattfinden

,
wenn zu gleicher Zeit

gleichwertiger Ionen aus den roten Blutkörperchen erfolgt.

z. B. CD‚
—haltige rote Blutkörperchen in die Lösung eines 1

so treten CD‚
- l onen aus den rotenBlutkörperchen in die Saleli

zugleich aber Säure- Ionen der Salzlösung (Cl, NO„ SO, ) in
Blutkörperchenhinein. Dabei w ird die Salzlösung (durch N11, CD

Die Permanhilitä t der Membran der roten Blutkörperchen fiir gewiss
Cndnrchgfing igkeit für andere S toffe hängt auch Oeer ton vondem Gehalt de
L ip o i d en (vgl. png . 21 ) ab ; in der Tat sind indem 18a der rotenBlutkfi
sterinnndLecithin inverhältnismäßig großerMenge gefundenworden Die

welche li po i d - löalich sind, vermögen die Membran ao durchdringen, ftir

nnlösli ch en ist sie nndnrchg ing ig .

Der G e fr i e rp unk t d e s mensch l i c h en B l u tes l iegt b
er zeigt nur geringfügige Schwankungen Straue

den versehiedenartigstenEinflüssen hat das Blut die Fähigkeit,
lekula re K onz entra ti on (derenAusdruck je der Gefrierpnn
unverändert zu erhalten. Transfnndiert man einem Tiere Salz]
das Gefäßsystem, so werdendie fremdartigenSubstanzen sehr
dem Blute in die Gewebe denoniert resnektive dumb cüe Ni



Kranken wi rd eine Steigerung der Geirierpnnktserniedrigung tiher beo

berhaften Krankhei ten ist dagegen di e Gefrierpunktnornhdrigung geringer als

u l“
,
l
'

ohn

4. Auflösung der rotenBlutkörperchen, Hämolyse

Die Auflösung der roten Blutkörperchen
,
die Trennung von

1 und Stromn (H ämo l y s e) kann durch eine große Zah l seh
ienartiger Einw irkungen herbeigeführt werden; das Hämoglob i
iabei inder umgebenden Flüssigkeit und das vorher deck fa
w ird lnckfnrb ig . Gemeinsam scheint allen diesenEinwirknn
daßsie, mechanisch oder chemisch , die rotenBlutkörperchen s

igen und ihre Lebenefähigkeit aufheben.

Nach Koeppe°° sind die rotenBlutkörperchenvoneiner ha lbd
g enWand umgehen; diese Wand besteht aus fe ttä hnl i c h en
iden, vgl . png . 21) oder enthält solche : Z e rstö rung od er sc h o
ng d i ese r h a l bd u rch l ässi g en W and macht das Blut lac k
eser Weise wirken die folgendenMomente
1 . W ä rme . Erwärmen des Blutes tiber 65— 68° hat Anflöenr
Blutkörperchen zur Folge (vgl . pag . indem die fettä h
d sc hm i l z t.
2 . Zusatz vond est i l l i e rtemW ass e r im Ü berschuß (vgl. pag . 3

ltige Unterschied des osmo t i s ch en D ru ck es innerhalb und
der rotenBlutkörperchen bringt diese zum A ufq u e l l en und b1

Bl ich P l a tzender halbdurchlässigenWand .

Wird Blut mit viel desfilliertem Wasser versetzt. so sind die Stromntn unt
hop ohne weiteres nich t sich tbar . sie können aber durch Zusatz von N eth ;
und sichtbar gemacht werden
Wiederholten G efr i er en und A uft a uen des Blutes wirkt ebenfalls nm
3efrieren friert r e ines W a sser aus ; beim Aufbauen der entstandenen Ein!

1180, wenn auch nur für kurze Zeit, reines Wasser auf die Blutkörperchen
sie infolge der Difl’

erenz des osmotischen Druckes zum Platt en.

Eine rein mechanische Zerstörung der Wand der roten Blutkörperchen kan
Verr ei b en m i t S e esand erreicht werden; bei nnchtrflg licher Behandlung dee
‚tonischen Flüssigkei ten findet Lösung des Hämog lohins statt
3 . Fettlosende S to ffe (Ather , Chloroform ,

Aceton
,
Alkohol

11 hämolytisch , indem sie die fetthnlti g eWnndder rotenBlutk
au fl ö sen. Außer einer bestimmtenK onz entra t i ondes hämoly h
ist für die Wirkung eine best immte Temp e ra tu r nehm
dieser ist das hämoly tische Agens an sich unwirksam (Kae;

.kehrt können aber auch Stoß'e
,
welche selbst in den Lipoide

ren der roten Blutkörperchen lösl ich sind
,
infolge dieser 1

in die Membran eindringen, sie schädigen und so Hämolyse h
1. Auf diese Weise bewirken Seifen

,
Fettsäu ren, die ungeeä tt

)lsä ure (Faust u. aber auch die gesättigten, z. B . Pal

ferner Lipoide
,
w ie das Lecithin

,
Hämoi

können auch durch ihre Einw irkung auf die Wand der roten



Wirkung des Lwithiw auf Kobrag ift,
In diese Gruppe gehört auch die himoly tieohe Wirkung der Ge i l

saur en S a lz e sowie der sogenannten 8 3 p oninsubstnnzen
der härnolytinehenSubstanzendieser Gruppe wird durch C h o lester in g eh er

4. S ä u ren und B asen wirken lösend auf rote Blutkör1
Wirksame dabei sind die H resp. OH I onen (vgl. pag .

tritt der Wirkung ist notwendig eine genügende K onz en
H resp . OH—Ionen, eine bestimmte T emp e ra tu r und seh
gewisse Ze i t der Einw irkung. Naeh Koeppe°° handelt es
Wirkung der H- Ionenum eine k a ta l y t i s c h e S a ltung , be1
der OH- Ionen um eine V e rse i fung der fettäi

)

mlichen Subs
Wand der roten Blutkörperchen.

5. Durch e lek t r i sc h e Einw i rkungen werden rote Blutkörpen

Konstante Ströme, induktionsstr0me, Weehselströrne wirkenvorwiegend durch
eiektm lytinehe Zersetzung (Ballett Ha mann" ,

Cremer “
, Drechewetzky

'

von Leydener Pluscben, Kondensatoren wirken dagegendurch eine nicht
elektrische Einwirkung auf die roten Blutkörperchen (diese kann durch Z
lösungen verhindert werden, nicht jedoch durch Zusatz von Zuckerlösungen)

Eine große Gruppe hämolytisch w irkender Substanzen (H
im engeren Sinne) nimmt gegenüber den b isher erwähnten
stellung ein; sie ähneln in ihrem Verhalten durchaus den g
wechselprodukten gew isser Bakterien, den sogenanntenTo x i 1
ebenfalls äußerst labile Substanzen; sie veranlassen, in der

eingeführt , die B ildung von Schutzstofl
'

en, sogenannten An

.\ntihä moly sinen, ebenso wie die Toxine die B ildung von
auslösen

,
die ihre Wirkung aufheben; und ihre Wirkung ist

zifiseh (s. png .

Die Bildung undWirkung der Antitoxine erklä rt sich nach der von

gestellten S e i t enk e t tent h eor i e , die aueh ftir das Verständnis der Wirt
lysine und Anflhiimolysine von grundlegender Bedeutung geworden ist, in i t
Naeh Ehr lich hat man an dem lebenden Protoplasmn zu unterscheiden de

k ern. der das eigentliche vi tale Zentrum darstellt , und zahlreiche , an
S e i t enk e t t en oder B ecep toren, die den einzelnen Funktionen der Zelle
allem auch der Ernährung derselben, dienen Die Seitenketten oder Recepto
komplexe im Molekül des Protoplasmaa, die infolge ihrer chemischenKonflgn
sind, andere Substanzen, z. B. Nnhrungsstofl

’

e , aber aueh
'
Ihxine cheminch

verankern; nie verbinden sich dabei mit bestimm tenAtomgruppen der zu bi

die als „hnp top ho r e Grup p en“ bezeichnet werden. Die Bindung zwischen1

Gruppe einenNahrungsatod
'

es oder eines Toxins und den dem passenden
Zelle ist die Vorbedinp ng fiir die gegensei tige Einwirkung. Findet also ein
Organismus eingeführt, dort keine für dasselbe passendenReeeptoren, 90 1

nicht giftig auf denselben zu wi rken, der Organismus ist ‚ imm un“ fiir

Toxin (na tür li c h e Imm uni t ä t). Am Toxin hat man von der haptophoren

nur die Bindung an den Beeeptor der Zelle vermittelt , streng zu unterscim
Gruppe . welche nach erfolgter Bindung die eigentliche Giftwirkung austiM
t ox op h ore Gruppe bezeichnet.
Wird ein Toxin in einen fi r dm elbe empfindlichen Organismus in ai

geführt, die nieht denTod bedingt, so wird es also an die passendenRecept
gebunden. Dadurch werden diese aber für ihre Aufsehen, z. B. Nuhrungset1
außer Funktion gesetzt. Der Leintungskern bildet nunzum Ersatz derselbenm
diese Neuhildtmg geht aber über den etwa gerade notwendigenErsatz hinzu
einer Uberproduktion vonRweptoren, die schließlich am Protopa nieht m
und in die Blutbnhnnbgeatoflen werden. Diese frei in der Blutbnhn befindlic
sind die Antitoxine ; sie vermögen die Toxine vermittelst ihrer haptophorenGr
und dadurch v om Pro top lasm a nbznb a lten(künst li c h e Imm uni t ä t).
also, der, solange er als Renee am Prot0plaema sitz t, die Vorheding 1mg 1

ist, stellt, wenn er sich frei in der Blutflüssigkeit befindet , die Ursache de

Wirkung der .
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A mtihimolyninm Agglut'inine. Bümdynine tier. Giß0. Bakt1niohämol

ent sprechenden hxptophoren Gruppe denBlutkörperchen , diese 8
m w i r d deswegen als cy top h i le &uppe bezeichnet. Mittelet der und

(Emm der sogenannten komp l ementop h i len Gruppe , bindet der Am
suree\m de Gruppe des Komplemente. Auch du Komplement besi tzt zwei vone
Gruppen: eine hnp10phore, durch die es nich mi t der i m plementephilenß
eeptors verbindet , und eine 11pu ifineiw. die bi molyfleehe Wirkung bedin3e
sogenannte zy mo tox i sche (entsprechend der tonp Gn

g
xpe der Tom

Durch Vorbehandlung mi t Blutkörperchen d erse lb en r t können
erzeugt werden, welche die Blutkörperchen von anderen Angehörigen de r.
zuläsen imntnnde sind , 0030n11nnt0 l eo ly s in0. Niemals dagegen gelingt es
gewinnen. welehe die ei3 enen BlutkörperchendenTierenauflösen(A utol;
.Vm g lieno

“
soll bei znhlrei11inen K r ank h e i t en 11110 Serum die e igen

zugrunde richten.

Durch Immunisierung mit hämolytisehem Serum kam

hä moly sine erzeugen, welche die W irkung der Hämolysin
Du denHlm01y t in uns Amboceptor und Komphment besteht , die

Gruppen benitzen. zwei um Amboceptor und eine am Komplement, so sind
der Wirkung drei verschiedene Antikörper denkbar : zwei , welche die eine
haptophore Gruppe den Amboceptors binden: Ant i amhocep tm en, nu
Antikörper , welcher die hnptaophore Gruppe des Komplemente bindet : Ant

Den Hilmo 11inen nahe 0t0hen die A3 3 lu tinine , welche A33 luti
Blutkörpereh0n bewirken (011 gibt auch Agglutinine, welche im 3leiehcm Sin

wirken). ”an venteht unter Agglutination eine Verklumpun3 der Zellen 1

Haufen, die mikroekopineh erkannt werden kann, aber auch das mekroeku
verändert : 3 rößore 8m kun3s3oochwindigkeit der zusemmen30hulltenBlutkörp
gängigkei t durch Papierflli—er. Solche A33 lutinine sind gewisse giftige Sutmtm
Ursprungs , Ri c in aus den Snm0n vonRi

A b r i 11 aus denSam00 vonAbrunpm tcrius n. 11. Auch im normalenSerum
vorhanden oder könnendurch Immuuieierun3 indem Serum erzeugt werden.

des Serums ertragen ein Erhi tzen auf sie finden sich daher noch
himely tinehen Serum.

Hämolytisch w irken auch gew isse ti e r i s c h e G i fte , so
von B ienen

,
Spinnen

,
Kröten und Schlangen. Vom Sehlnng

w iesen
,
daßes ebenso wie die Hämolysine des Blußernms 1

der Blutkörperchen durch ein Zu sammenw i rk en zw e i e r
herbeiflihrt : das Schlangengifl selbst ist dabei der Ambocep
des Komplements wirkt das L e c i th in Der Am
Schlangeng it

’
tes

,
z. B. desKobrng iftes, vere inigt sich dabe i mit

zu einer neuen Verbindung
,
dem Kobralecithid, welches siel

U islichkeitsverhä ltnisse sowohl vondem ursprüngl ichenKobra
vondem Lecithin unterscheidet; das Kobralecithid kann re

werden. Die Hämolyse durch Kobragii
‘

t nndLecithinw ird
stearin stark geh emm t.

Die Stoh eohnelpmdukte zahlreicher Ba k t e r i en wirken hiimoly
Tetanueheeillen, Gboleravibrionen,

'

l
‘

yphuebaci llen, (
‘
e lihacillen, Staphy lo1

normalen Serum mancher Tiere sind Antikörper dieser Hi m0lysine v
lmmunh ierun3 von Tieren mit Hämolysinen können sie künstlich erzeu3
entspricht einem bestimmten ii ämoly sin auch stets ein bestimmter Antikör1
W irkung denentsprechenden B imolysins aufhebt . nicht eher die anderer
schützt z. B. dendurch künstliche lmmunieierung vonKnnincben mi t Step
ly sin der Sh phy loookken) erhaltene Antist11phylolysin Knniuchenblutkörpe1
die Wirkung des Staphy lolysins , aber nicht 303011 die des

'

l‘etnnolysins

Die rotenBlutkorperchen besitzen geg enü b e r hä moly
menteneinenbestimmtenGrad vonWiderstandst'ä hig kei t
Diese Widerstandsi‘ähigkeit ist verschieden bei verschiedenen
aber auch ah von der Art des angewendeten hämolytischen
Blutart ist um so wenig er resistent g eg enSaponin. iß



Die Ery throcyhn der Tiere .

einen verschiedenen Resistenzgrud gegen hydrolyti sche Mo
sche Einflüsse

,
Saponin) ; zwischen den am meisten resist

sich erst in NaCl-Lösung auflösen
,
und den am wen

1ten,
welche schon von einer NaCl Lösung auf

gibt es alle möglichenÜ bergangsstnfen(Lang G egen Se

ngere Blutkörperchen res istenter als ältere
mbryonale Blutkörperchen den meisten hämolytiscben Einfi

ber resistenter als die des erwachsenen Tieres (Rywoech
ci l k t e r u s, Infek t ion, Ma g ence rc inom ist die Benistenz der roten
eu 303011 hyp inohonind m Nafl -Löenngen e r h ö h t die Resistenz
bleibt dabei jedoch Bei p e rni z i öee r Anl m i e echeir

leten roten Blutkörperchen eine besondere 30rin3e Widm tnndnfflhi3keit 3 01
h wirkenden Schädliehkeiten zu besih en.

119 Hämoglobin vermag 00in0 Aufgzben im Körper nur so lnn3 0 zu erfii llen.
oten Blutkörperchen 30bunden int. Kommt es zu einer Auflösung von roten
011 und Ü bertri tt vonHlmoglobin ins Plasma (H ä mog lob i niim i e ) , so v i

bin aw geechieden: zuni ohnt nimmt die Le b er dns H&mo3 10hin auf und von
Monturbstofl

’

e ; genügt da nicht , um das freie Hämoglobin aus dem K reinl

1, 00 scheiden 011 die N i e r en aus : Hä m og lob inu r i o. Bei der p a r o x y s

lob inur i e kommt es aus noch nicht näher bekanntenUnnehen nninllnwea

3 von roten Blutkörperchen nnd Eh-Ansncheidun3 im Harn.

15. Form, Größe und Zahl der Erythrocyten

versch iedener Tiere .
ie S ä u ge t i e re haben k re isrunde Blutkorperchen ohne Ken
neeh

,
nur von verschiedener Größe. Eine Ausnahme mach enK

Alpnka undderenVerwandte ; diese habenlängli ch—eflipfische
zhen ohne Kern. Die V ö ge l , R ep t i l i en, Amph i b i en und F
länglich- elliptische Blutkörperchenmit Kern; eine Ausna hm e

schenmachen die Cyclostomen,
welche kreisrunde Blutkörpe1

lit Kern haben.



W ang d a t M en

Farbeted
‘
in m m«mm ;nnm nein(1ier ßegenwurm , die lmrve de

münke z. ß. hnben rotes hlmo3 iohinhnlä gu Plasma und inrtrloe elien)
gebunden vorkommen. Es find ein03 0ihe vm ehiedenartip r li

‘M eteil
’

e im B

loa1m anf3eh nden worden. Das Efimng iohin kommt wuit verhreitet ver hei

und denniederen0ruste eeen. Andere ra pintorieche M atch sind : das
(rot) der Eehinode rm en, dan 0h lorocruor in (grün) und H i m ery t

Würm e r, danHüm oey anin (blau) der Mo l lusk en und Or ustaeeen. I
ist ein kup i e r h a lt i 3 er, 0-bindender Fu hstofl, 011 ist vonHenze “ krvstz

worden. Er vermag nur so viel Sauerstott' wie Hi mog loi1in zu binden
t)-halti3 0 Blut ist blau , das venMe fnriflos (vgl. Kobcr t" , Wm tersi em " )
körpomhen des Blutes der Aec idi en fand Henze“ ein 0hromogen, dns
111111 ; dieses M m03ennimmt jedoch keinenSauerstoß auf. Die Blutkörperd

enthielten außerdem freie Sehwefelni ure — 11nBlute eini3er Mollusken
sollen auch respirntorinehe, sauenb d’

bindende Körper ohne besondere Fürbe
so30m nnte Ach rog lob ine.

16. Entstehung undUntergang der rotenBlutkö

Ents te h ung der r o ten B l u tk ö rp e r c h en.

Embrymrnl0 Entwlokhmg . Im Embryo entstehen die e rs t en
k ö rp e rc h en in den w30nnnnten B lutinsoln des Gefüßhofee. Die z1

S tränge angelegten Blut30£ ße erhalten durch Eindringen von F1tiesi3 kdt
im Innern, in welehen von der Wand her Haufen locker miteinander verimr

Zellen hineimu30n. Dim Zellen, die znniiehst noch einen Kern enthalten
die fertigen Erythroeyten sind , m dein sieh in rote Blutkörperchen um ,

stoß in ihnen auftritt, ßßnni0h von den h llhnufen ah nnd 3elm30n m in
im Innernder Gefiße ; sie v e rm eh r en s i c h w ei t er h in d urc h Te i lung

im w e i t e ren Ve r la ufe der 0mhryonnlen Entwicklung wird die Di
Blutkörperchen in bestimmten Organen lokalisiert ; als solche kommen
Le b e r, spl ter die Mi lz, die L y m p h d rüsen. mdlich das ro t e Knoch 01
letzten zwei Dritteln der Embryonnlentwicklung (beim Rind und Sohn!)
Knoc h enma rk (nebender weniger wichti3 enMi lz) danbaupteflchlichste 8 1
Naeh Eintritt des Knochenmarkn in die Reihe der BlutMldungsorgnne 3011
der Leber fiir die Blutbildung zurück

Aus denstets zuerst k ernha lt i g enBlutkörperchen des Embryo (Er
entstehen erst im späterenVerlaufe des Embryoneiiehens die cbnrnkt0rintimh
zu3 leich kernlosen. Beim menschlichenEmbryo sind inder 4.Woche nur ker
chen vorhanden: im 3. Monat boh ä3t ihre Zahl nur noeh 303011 1. 011

am Ende des Föt1dlehens triflt mannormalerweise im strömenden Blute ke
Blutkörperchen mehr an; sie finden sich nun nur noch in den bluthildenden

Im ex trauterinen Leben werden die mtsu Blutkörper
sonderen hlu tbildendenOrganen geb ildet , und zwar ist

SchwänztenAmphibienund Fischen die Mi l z
,
be i al lenübrigen

das ro te Kno c henmark der Bildnugsherd(Bizzozero °° 1866 ,
Hier entstehen die roten Blutkörperchen aus kernhaltigen

„Ery throhlasten
“

; der K ernwird bei der Entwicklun
Autoren(Kölliker Nmmann Knoll im hämoglobin a

plasma a u fg e l ö s t , nach anderen(Rindfleisch tritt der
Zel le aus. Die Ery throblasten selbst entstehenwahrschein
faeher Weise : einerseits durch Zellteilnng aus sehon häm0@
Zellen,

andrerseits ans farblosenMußerzellen,
we lche sich

haltige umwandeln.

Bei der Geburt enthalten alle Knochen rotes Mark. im Verlaufe den
dieses jedoch allmählich durch gelbes Fettmark ersetzt.. so daßbeim Erwne
in den platten und kurzen Knochen des Schädels und des Kampfes rote
Mark findet, die lnn3 enRöhrenknochen der Extrem itiiten enthalten entwede
oder 00 enthalten nur die ohoren

'
l
‘
eile üs i

‘

emur und llumerns rotenhi e
s i v e ren Reg enera t ionsp r ozeseen des B lu t es k ann si ch da s Pe t

in ro t env erwand e ln, und zwar von jenen oberen Enden an abwärts
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i. ) Die weißen Blutkörperchen.

Die Leukocy tenkönnennach ihrer Fo rm,
naeh derArt ihresPro

5
,
welches be i den einen homogen ist , be i den anderen Kö

anu l a
,
G ranula t ionen) enthält

,
und nach dem Verhalten

nebengegenFarbstoii
'

e in verschiedene Arten(Fig . 8) eingeteilt
Teil der Körnchenfärbt sich nurmit sa u r enFarbstoti

'

en: o x y ph i l
o ni l e

, ein anderer Te il nur mit basi sch en: basophi0

eil nur mit neu tra l en: neutr0pb i le Granulation. Danacl
°id0t Elarleek ‘" im normalen 8 11110
1 . Die LYmphoc)

' tenz kleine , nnG roße den 1rocyten s
en

,
mit großem,

runden
,
si ch mit al len . 1sehenF11rbstofi‘

enfä r
11 und dünner h omo gener Protoplasmarinde ohne G ranu la t i
nalen Biete etwa der farblosen Zeilen. (Fig. 8, a

,
b.

2 . Die g ro ß enmononueleä ren Lenkocy ten: zwei bis
großwie die Ery tbrooy ten,

mit großem
,
ovalem

,
meist exe

geiagertem , schwee
barem Kern und
h omogener pro10pl
scher Rindensebiebt
G ranu la t i on. (Fig.

3 . Die Ü b e r
formen: denvoriger
abermitzwercbsaeka

gebuchtetem Kern;

Fig .

1tw y ten des Bie ten oder weiß. Blutkörperchen: A Mnch
Zen i t ; B di eselben noeh Wm ornnntz mi t nehnrfer

w a nnund hm ortreßnden K ernen; C mit großem
11 und wenig Protop lu me nu ndeno idem Gewebe ;

D Kern und Körneh en m eld et rich th r.

F ig . 8 .

1 11 der Leukoq tonz Lymphoey tou 0g roßer mono»

Loul oeyt ; 0M rm p lh ru ; o, f , poty
lel re nent rophi lo Leü oq ün; h. m oinophi le Lenk»

ey ten; L
' nm «11.. becop h i l.

taplasma tritt eine
neutroph i leßranu
anf. Gruppe 2 und 3
zusammen etwa

sämtl icher Leukoey t
(Fig. 8

,
d. )

4. Diepoly nuc
neutr0phi len Le t

ten: etwas kleim

Grup 2 und 3 mi

morp em
, gelappte1

vielgestaltig gemn
oder in 3— 4 dere]
Chu) atini

‘

ädenmitei
verbundene Te ile
ander weichendem
der sich mit basiseh01
stofl

'

en intensiv Fä rb
Protoplasma besim
dichte

,
sehr fe ine n

ph i l e G ranu l a t i o
101011 Blute etwa 70 bis al ler Leukocyt0n. (Fig . 8

,
e
, f, g

. Die eosin0philen Ze l l en glei chen den vorigen, enthalte
grobe, kugelige, in den saurenFarbstofl’

en intensiv färbbare G
ou. Etwa 2 der 1 Zellen. (Fig. 8 ,

li
,

6 . Die Mastze l l enenthalteneine intensiv basopb ile G ranu
s h



n pnmomgme en te nexen ese ormen men nur m veranaener

es erscheinen auch noch andere Formen, die nm alm ise im Blute übe:
rhomman.

ach Ehrlich sind die großen mononueleh on Leukwy 1en(2) und die Ü ben
Vorstufen der polynuelel rennaatr0pbi.lenLenkocyhm es mw1neine 8 1

zwischen den ung enulierten Ly mp hocy ten (1 ) und den granuliefl en L

l mit Einschluß von 2 und 3 ; 5 und diese beiden Zellformen stehen
in keiner Beziehung zu einander . Nach einer anderen Anschauung (vgl. We

entwickeln sich dagegendie grannlierten Zellen 11 118 dennicht grannlierten.

ie nentropbilenLeukecy ten (nicht die Lymphooyten) des Menschen und der bö

geringerem Maße auch des Hundes (ni cht der anderenTiere) enthalten ein p r

es F e rm ent ; Blutplasma und Blußemm haben einen bmnmenden Einflußan

Das Blut bei myelogenm Leukämie zeigt (bei sha ke Fm entwirh ug (i:

1el1m der Leukccy ten). dns Blut bei lymphatiwber Leukämie (Vermehrun
yten) keine (Mül ler 11 . Auch ein dinst a t i sehes For u m

1111100t nachgewiesen worden jedoch k e ine L i
Die Ly m p ho ey ten enthalten dagegen ein fe ttepnltendes F a r

Die Leukoc ten v e rmeh r en sich durch Teil ung. Sie entste
1 Lym ph rüsen und dem adenoiden G ew e b e überhaupt ,
ud dem Kno ch enma rk

,
und zwar nach Ehrlich ‘" die Lym

in dem lymphati schen Apparat
,
die granulierten Leukocyte

nmark .

vie Lenkocyten zeigen (besonders be i der Beobachtung auf

311 Obj ekttisch) B ew egungen (von Wharlon Jones 1846

von Dom ina

beim Menschen
11et) , welehe

weil sie denBe
‚
ender Amö b en
1men entspre
amöboide

“

ge

1at. Das Proto
ist dabei in
abwechselnden

:tion und Reh»
um den Km

11 ; vonder Ober
verdenFortsätze
mdet und wie

gezogen(Fig . 9)
den PSBIHIO°

Lenkoeyten m m Monnhe11 in nm(fl mider Bewegung besaß.“

der Amöben) .
ie Beweglichkei t kommt nicht nur , wie man früher angenommen hat , den

Lenkmy ten, sondern a llen weißen Blutkörperchen, auch den Lymp w
M gm

tu
)_

ie Erscheinung kannbei 40°sttmdenlang beobachtet werden. inder feuchtenKm
'

ochenlang Bewegungengesehenworden. Jolly will indem Biete vonRutt ach
doch im Eisachranka aufbewahrt wurde, sogar nach 10Monaten noeh nmö

gender Lenkoey ten beobadi tet haben. Bei 47° h ifl „Wi rme1starre“
und Tod

ige
te Temperatur fiir die Möglichkeit der m öboiden Bewegung liegt be i
Bewegung notwendig. Unter dem Einflußvon Induk t ionssch lflg enwerdm

eu plötzlich dureh Einziehung aller Fomäue rund (wie gereizte Amöben). Wa

111 Schlag nicht zu stark , so beginnen sie nach einiger Zeit wieder ihre Bewegm
na anhaltende Schläge töten sie, km sie ferner aufquellen und völlig zerg
vernichtet die Beweglichkeit der Leubocytm
vie Bewegung der Leukocytenhat zweierlei Erscheinungenzur F0
Die W and e rung en der Z e l l en, indem sie sich vermittelst



Auestreekms nnd Einziehens der klebrigenFortsätze fortziehen;
Weise vermögen sie sogar durch die Wand intakter Gefäl
z uw and e rn“

(vgl . 2 . Die A ufnahme k l e ine r Körneh
Pigmente, m dkörp ml1en) , die zuerst der Oberfläche ankleb«

ins Innere gezogen, eventuell später wieder ensges10ßen werde
(enßprecimnd der Nahrungsaufnahme der Amöben).

Die Bewegungen der Lenkoeyten können sogar nach einer b est imm t en
hin erfolgen. indem die Lenkoeyten(wie manche niedere 0rgnnismen) m gewi
:mgelookt, vonanderen werden: 0hemotax i a oder Chemotrop i smua

Namentlich üben die Stofl’

weeheelprodnkte pnthog ener nnd ni eh tp a thog en
a rg eni 11men eine starke anziehende Wirkung auf die Leukwyten uns. Wenn
11. B. Kolonien von Staphy loooomw (Eiterbakierien) 1111 einer Stelle des Körper1
eo locken deren Stofl’

wwhwlprodnm die h ukoey ten 11113 den benachbarten Gefl

Die M gh i i der l»nkoevten. kleine Kfmmhen in sich aufzunehmen,
deutung bei Bückh i ldung sp r ozeaaen, indem die einzuschmelzendcm Teile i

von ihnen aufg enommen, also gewissermaßen ..gefr e ssen“ werden. Meischm la
die so tätigen Zellen daher ;,Fr eßze llen“

(Phng oey ten). So wirken sie

schmelzen des Knorpels nnd Knochens als Ghondro und O steok lasten.

verhnhende Zellenfindet man im Schwanze der Betrachier , welche beim Schwund
während der Metamorphose Teilchen der Gewebe. z. B . FiMillentr limmer, in sich

(vgl. auch Ebenso fand manaueh indu ßlut eir
H it roorg uni smen vonLeukoe

_
fl en aufgenommen; diese stellen daher eines

mi ttel dee Körpers gegen die Infektion mit ) i ikrootgi nißm011 dar. Die Aufnahme
urgzmismen durch die Leukocy ien wird begünstigt durch „wisse im Fleema n
Stofl

‘

e, die als 0p sonine bezeichnet werden. Che: die Beeinflussung der
“

(beobachtet an der Aufnahme vonKohleparfikelehen indie Zellen) durch vemdxie
Einflüsse vgl. Bemndm bemerkenswert ist, daB die Hinanfiigu
fln(Yl

,
—Xlengen das phagocyti re Vermögen erheblich steigert.

Die Zah l der Leukocy ten (Technik pag . 39) beträgt 5000
inl mm'

,
s c hw ank t a l s o in w e i tenG r enz en. Nach Al. 8d1m

unmittelbar nach der Entleerung des Blutes ein großer Teil der U
zugrunde gehen, 30 daßs ie also indem noch kre isenden Blute
zahlrei cher als indem entleerten wären; diese Angabe w ird ab

dings vondenmeistenL‘ntersuebern bestritten (M.

Eine Vermehrung der Lenkoey tenüber die physiologische Mu iumlzahl v.

gehender Art wird als Leukoey toee beseichnet ; unter normelm Verhältnissen
sich dabei stets um eine Vermehrung der pol_vnukleflren neutrophilen Lenknc
derartige p h y siolog i sc h e Leukocy tose kommt vor wiihrend der Verdauun;
Gullanci 11 . nach körperlichen Anetrengnngen (Sch

nnch der Massage ferner in geringem Grade inden le1
der Schwmgm ehei‘k. wi hrend der Geburt stark zunehmend und im Wochenbeti
wieder znrüekgehend Zangm reietcr 11. beim Nengehorom
nach Aufnahme einer großenAnzah l vonStoffenindenOrganismus, z. B. Ohinin.
Terpentinöl. Albunoee , l einei ure, Milz», '

l‘hymue Knochenmarkex1rnkt, Ba
Stofl

_

wechselprodukte derselbenn. 11. (Chor pa thologische Leukocytose vgl. 5 18.

in einer bestimmten Provinz des Getäßeysteme kann die Znhl der Lenkocyten
wechseln. 80 ist regelmäßig die 23 111 derselben inden peripherenGeßßengrößer
zenbnlen Goidseheüler 11. Jakob Lokale Erwlrmung vermindert, Abkühlnn
indenGefißen des betreuendenKörperteiles die Lenkeey ien n.

inden durch die Kühe kontrah ierten Blutgeflfißen angehalten werden.
Eine Vermind der Zahl der Lenkocy ten unter die physiologische

wird als B y p o leuk ocy tose oder Leukop eni e bezeichnet. Durch die Eine
Röntg enstruh len kann eine hochgradige Abnahme der Iankccy tenzahl bowiri
das Blut ganz lenkoeytenl'rei gemacht werden Halber n. Linear
11. das Zustandekommen dieser Wirkung ist noch nicht völlig aufgeklfi
wie die Röntgenstra wirken Injektionen von Obolin (beim Kaninchen)

Nach Injektion von artfremdem Serum tritt eine rapide Ah

Lenkocyten ein, nicht nach Injektion von artgleichem Serum (Hamburger
auf diesenStadium der Leukq >enie folgt immer eine Lenkocytoee (Gr inhcmmc1
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Zellen, bestehen aus K ern undProtoplaema und sind amoboider

fähig. Für die Zellnatur der Blutplä ttcheu spricht die Tatsache
stark ahnen(vgl . und ein polypeptih pultendes Ferment
(Abderhalden u. Nach anderen entstehen sie als

produkte aus denweißenoder rotenBlutkörperchen(Arnold 8 1

Preisich 11.

Die Blutplä ttcbeu stehen in naher Beziehung zur B lutg

(vgl . pag . diese ist anden ty p i s chen Z e rfa l l der Blutplä
knüpft. Naeh Bürker ‘" ist die schließlich gebi ldete F‘

ih1inmenge
von der Menge der zerfal lenen Blutplä ttcheu ,

alle Momente
,

Blutgerinnung beeinflussen, w irken in entsprechendem Sinne auz
fall der Blutplättchen. Die entstehenden Fibrini‘dden setzen si

noch erhaltene Blutplä ttcheu uud zusammengeklebte Haufen de1
Fig . 10, 6 u. zw ischendem Zugrundegehender Plättchen um

stehen dee Fibrinnetzee besteht ein deutl i cher Parallel ismus
IV Außerdem kommen im Blute regelmäß ig Formelemenß kleinater Ari

s t a ub oder Hl mokoni en En handelt sich dabei zum Teil
produkte vom Blutkörperchen und Blutpll ttohen, zum Teil um feinst verteilte

Ne1
'

m r u.

18. Pathologische Veränderungen der roten und
B l utkörpe rchen.

1. Rot e B lu t k ö rp erc h en. Die Znhl der rotenBlutkörperchen
B lutv er lnete vermindert, sowohl absolut, als auch in der Volumeneinhei t, dl
1111 Flünigkeit dureh Eintritt vonWasser aus denGeweben schnell gedeckt wir1
wird dann durch erhöhte Neubildung das normale Verhütenwiederhert 1

Eine lh ger du m de Verminderung der Zahl der roten Blutkörperchen resp.
logit wichtigsten Beetundteilen‚ dee Hdmog lob ins. wird 1118 Anäm i e bezei
kann es sich entweder um eine Beeinträchtigung der B lu t b i ld ung oder um e

der norma lenEinnehmelzung der rotenBlutkörperchenoder endlich um oi

Z erst ö rung demelben handeln; bisweilenmögen auch mehrere dieser h(oment
wirken. Bei der Ch loroee (B le i chsueh t) ist das Wesentiiehste eine Beeintrl
B lu t b i ld ung ; es findet sich dabei eine mehr oder weniger starke V erm in
Hl mog lob ins. die Zahl der roten Blutkörperchen kann dabei normul sein,

sie aber ebenfnlls vermindert. Im Gefolge anderer Krankheiten treten Muth
sek und ä r e Anl m i en auf. 90 nach schweren Infeküonon (Syphilis, Mnlnr
lose Vergiftungen (Blei ), bei malignenTumoren, nach häufig wiederholt
und m b vielen anderen schweren Erknnkungen. Bei der sogenannten p
Anämi e, die schließlich zum Tode fiihrt. ist die Zahl der rotenBlutkörperchen
lieh stark vermindert, soger unter l hfi llion: aus noch unbekannten Gründe1
eine st a r ke Z er s t ö rung der roten Blutkörpet statt (Rückbildungsfnrn
produkte im Binte, Mi kro und Poikilocyhn, s. unten), dabei ist die N anb i l
erheblich gesteigert (Ausbrei tung des rotenKn0ehmmarke auf die ganze Li ng !
knochen (vgl. png . 49). Auftreten k eruh a lti g er roter Blutkörperchen im Blut!
Neubildung genügt offenbar nicht, um die Wirkung der die Blutkörperchen
Momente nufxuhehen.

Eine V erm e h r ung der Zahl der roten Blutkurperchen. in der Volumen
sich bei Krankheiten, bei denen das Blut durch Wasserverluste wasserilrmer
manchen Herzfohlern. noch Dnrchßllen. nach reichlichem Schwi tzen. Eine been
heit, bei der die Zahl der roten Blutkörperchen dauernd 1111! 7—8 Millionen
vermehrt ist (danebenMilztu1nor und 0ynnone), ist erst inneuerer Zei t unter
Poly ey fl mem i a ru b r e oder Er y t h roc y tosi s beschrieben worden und in
noch völlig unklar

2. F8rbbarkeit, Größe und Form. Die normalen roten Blutkörp
mocy ten) Erbensieh mit saurenFarbstoll'en(z. B. Em ). siewerdennls or thoel
bezeichnet Hauptsi chiieh inm lmieehom Blute kommen rote Blutkörperchen
zu bu ieehen Farbstofl

’

en Aflinitä t haben. sie werden als p oly eh rom ut i sel

Nach der G r ö ß e unterscheidet manMi k rocy h n (Durchmesser unter 6 9)
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umhmeu er 11m 9 M11 beide Arten kommen bei Animien znr ßmbach£fl

xyten besonders bei perniciöser Anämie.
_

K ernhnlti g e rote BletkduperM wen
roblasten bezeichnet ; ihr Auftreten im ani miscben Blute kann einM

örperehens werdenals Norm oble sten. solche vonerheblich größerem Durehnma
lob lnsten beseicbnet. Auch bei den km haltigeu Formen findet sich O r t !

ch rom s si e. Ery throcyten von gun: unregelmlißiger F orm (Birnen, Han!

rden nis Poi k i locy ten bezeichnet . sie finden sich bei schwereron Amm i
Formen der roten Blutkörperchen beobuehtet man auch nach bedeutenden V 1

g en; die Körpemhon erscheinenerheblich kleiner ; vielleicht heben sich unter d

kö rp ereh en in viele derartige Tröpfchen ist bei verschiedenen Er kra nkung
e&genSnmpfiieh rn, beobachtet worden. Aus denBrnohstflekengehendem Hi n»
ude dunk le Pi g m entp a r ti k e ln hervor. die zunächst im Blute scinvimn
mi e). Die Leukoeyten nehmen einen Teil dieser Partikeln im sich auf (pag . b

erscheinen sie in versehiedenen Geweben deponiert, mmentlieh in der Mi lz. 1

Gehirnund Knochenmurk.

Parasiten. Bei der Ma la r i a entwickeln sich Parasi ten, die zur 01°a
oz oon gehören. innerhalb der roten Blutkörperchen (Lovcr rm sie v on
Stich venMückm (An0p he les) übertragen. Bei Rückfa llt

'

i e he r (Ty p b
11 8 ) findet sich eine S p i r oc h a e t e (Ohrrmc1

'

cr 1873 ) im Blute T r y p a
ind Blutpurnsiten. die in zahlreichenArten bei Tieren undMenaohen im 8 111 111111:

worden sind ; sie sind zum Teil unschädlich , zum Tei l verursachen sie se in
Zn diesenErkrankungen gehören die

'

l
‘
setsek r ank h e i t der Rinder und

r auh h e i t.
Di e w e i ß en B lu t k ö r p er c h en sind bei den meisten Infektim skrankhei

r t. so z. B. bei Pneumonie. Erysipel. Diphtherie usw. Eine Ausnahme machen

zierte Typhus abdominulis und die Masern. bei denen die Zahl der
M st

lmnkoo3
or t ist. Wenn bei Perit litis die Zahl der Leukocyten steig t

so ist dies einZeichen dafiir, daßAbseeßb i ldung eingetreten und ohi 1

.ing reifen angezeigt ist ebenso findet nich
der Leukocy ten bei Ei t e r ung ender inneren weiblichenGm hlech tsorgane (D i

Bei der pathologischen Leukocytone handelt es sich häutig um eine von
rrmehrnng der polynueleärennentrophi len Leukocy ,ten doeh kommt auch zum
mg der Lymp1mcy ien vor. Bei A s t h m a bronch i u le, manchen B ant h r a
sowie bei T r i ch inos i s sind die ensinop hi len Leukocyten vermehrt, bei In
kheiten dagegen (mit Ausnahme des 8eimriach) könnensie auf der Höhe der Ka
verschwinden, um nachher wieder aufzutreten. ihr Wiederersci1oin011 kann d
als ein günstiges pmgnostisehenSymptom aufgefsßt werden.
si der L euk äm i e findet sieh eine m essive Vermehrung der Leukocyten (300

das Verhältnis der roten zu denweißen Körperchen kann dabei 2 : 1 v w
sind die Erythrocyten vermindert. Bei der 13 m p hnt1 9chen L euk äm i e ti l l
Blute neben den Ery throeyten fast nur Ly mp hoc> ten. die gmnnlierten IA !

d stark vermindert Bei der m y elog enen Leukämie finden sich neben den 91

eu poiynncleflren neutrophilen, eosin0philen und besot enLenkmvten zaklrä

weiße Blutzellen. unreife Zellen, welehe normalerweise im Knochenmnrke

jetzt eher in die Bluthahn gelungen.
ly kog enr eak ti on innerhalb der Leukwyton findet sich bei seh r"

und Leukämie sowie und: Einspritzung von Kulturen und Toxi
terien
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H i moclobinkry rtnlle noch M oe " : 1 . und S. Km tnlle m frischem Menschenblu
vom Blut einer menschlichenLeiche. Kryetnl le m meu t ehem

une menschlichen Nube l« hnnrblnt . C. Kry etnl le one Ei chhörnchen!



eide (vgl . pe .g S eine prozenti sch e Z u sammense tz ung
Bl ut vom Schweine (und11md eingeklammert ) naeh Ha er

'

66) H7„38 (725) N 17. ,4B (1770) — F

0) 0 Es kommen auf 1 Atom Eisen
beim Pferde (Hüfner ’

,
3

r denFe«»Gehalt des menschl ichenHb vgl . 8
ieli t des (Rinder Hämoglohins ergeben sich nach verscb

bodenWerte von 16 32 1 b is 16 721 (Häfner u.

ob inWasser, beim Erhitzenkoaguliert es unter Zersetzung . Das

ingehört zu denjenigenEiweißs106
'

en
, welche kry sta llisieren(1

al lenVertebrutenklassen, bei denenmandie K ry stalle darstellen
stellisiert es im rhombiscbenSysteme, zumeist inrhomb ischen
Prismen

,
heim Meerschweinchen in rbombisebenTetraedern
Das Ei c h h ö rnc h en weicht ab . indem dessen K

ag ona l e T a fe ln darstellen; nach Ublik " kann das Hämog lo
rdeblut außer in den bekannten rhemhischen Krystallen a

1g1malen holoedriscbenKrystalleu. und zwar in secbsseitigen

ltenwerden. Die K ry sta l l e s c he i d en sich bei sämtl ichen
dessen aus b e im l angsam en V e rdunsten de s lackfa rb
Men B l u tes . jedoch mit verschiedener Leichtigke it.
Es kommt auch vor . du6 das 116 im Innern einen Blutkörpm hms kry

äm rrr
'

eb

Die Hfimog iobine der verschiedenen Tiere sind chemisch verschiedene Kör1
mhrsebeinlich der ii rbende Bestandtél des 8 lmog lohinn, dus Hi mfl in. überall
hun. die Verschiedet der Hämoglohine ist vielmehr bedingt durch die Artv e1
deneiweißurfig en Bestandteile. des 61061118 . Die Krystallisaticn gelingt um 90

hwerer löslich das W ende B änmg lobin ist. Am wenigsten löslich ist da:
srhweimhenundRatte. etwas leichter löslich das vonPferd. Hund. Rahm, am 14

b des vonKaninchen, Schwein, Rind, Mensch
Dm iellung der Hlmeg lobinkrystal le

Naeh Rollei " . Deflbriniertes Blut. dureh Gefr ieren und Auftam 1

cht, gießt man in eine flache Scha le . deren Boden nur hoch dami
und läßt ganz langsam um kühlenOrte aMunsten. wobei die Krysta lle si ch ab
2. Nach Hoppe—S ey ler "

. Deflbriniertee Blut wird mit 10Volumina eir

Glaubersalzlesung (1 Vol. konz. Lösung auf 9 Vol. Wasser ) vermischt und
sen. resp. ahnentrifingiert. Der dicke Blutkörpm ben-M ensatz wird mi t etwa :
nen Glaskolben gespult und so lange mit gleichem Volumen Ather geschüttoli
zörperehen sich auflösen. Der Ather wird abgehoben. die Laekfnr11e kalt filt 1
Volumen kalten Alkohole vemett t; bei — 5' G läßt man einige Tag

zum reichfirh gehildeten ii rystalie können nuf dem Filter gesanunolt und

eu ) Iiflimetern Lüg e. 0f r ingo vermeidet bei der Herstellung der 111»
iinwirkung eha nisrber Substanzen, durch welche das Ilb verändert wm
11 er die uhren6 ih g ia hn rom Blutkörperchen mi t 1nfhnorienerde mischt nnd
u lisehm l’rm e nm eßt ; die se erhnltene hoch km m tri erte 8 11-wenn; w

Abkühlung oder noch wei tere Ronnentri erung zum Krystailisiem gebracht .

3 . u t ielte die größten Kryfi lle von mehreren Zentimeter
rü. dn6 er deflbriniertes ßlut . welchm 248tnnden an der inft gefl nde.
e M rebcn einnehmolz Rum

Glamh t10M at. llßt du Blut die Kn°

uh lh ansehiel en.

Ou mn 8h _ el gesunxte ßlut besteht. wenn msn es etwn 14
'

l‘l gen
ndes M benu driirkt. aus u hlionenElmoglobinkry stallen(Badge inda
1n« ke (b odenririnns) gesaugtenBlut m tsteht unter Auflösung der 8 1t
des 115 und Eindickung einRn stallbrei ronnuerstofl

‘

b eien ill»Krvstnllen(Gr i

Die Hb-Kry stal le sind d0ppelbrecbend undp leocbroi t ise
zeigenbe i der Betrachtung im polarisierteu Lichte bei versub



Orientierung heilere und dunklen Färbungen. Sie enthalten
Krystaliwneser undwerden daher bei Abgabe desselbenunter
zefl riimrnefl . Sie ideen s ich inWasser (aber bei verschiedenen
schiedenleicht) , ieichier in dünnenAlkalien. Unlöslich ist Ein
Alkohol, Ather, Chloroform,

Fetten. Hämoglob in dreht dns polar

Durch den Kr;
*

eiallisntioneproeeßscheint das 1111 selbst eine innere V
erfuhren. Vor der Krysü1ßeution difl

‘
undiert es nicht 8 18 echte Kolloidsu

zersetzt os stürmisch H
,
O
,
. Aus den Krystaflnn hingegen wieder aufgelöst,

g ering. zm et: t 0
,
nicht nnd wird unter deeeen iiinwirkung selhet enißfl

Hi meglohin in em Zustande sieh in verschiedener Hinxicht anders verhii

unvneehrion Blutkörperchen. se g innhte Itoppr
-Seyler

"
, N das -1111 und

1111 innerhelb der Ery throeyten mit Lenithin verbunden sei 1118 A r ter i a 111

KM H. Kobert ’ kann Arteria nnd Phlebin aueh kry sh liiüert orhnlienwed

veränderten Blutinrbstofi der roten Blutkörperchen 1 18 Hämoc h rom , zum U
dem aus ihm dnrgeeielltaen Hi mog lobin.

Qunni iini lve Bestimmung des B ännglobins. ‘

1. Die g mnuesien Resultate gibt die von 1
’
1
'

erordl " und Hafner
sp ek trop botom e i r i sehe ) 1e i hode. Tritt Licht einer bestimmten 8pektn
die Li isung einenFarbstofl

‘

ee hindurch, 80 ist die dureh die Absorption bewirk
der Uchtintensitflt, ausgedrückt inBruebieilender ursprünglichen 1Äci1iiniem iti
Dicke und Konzentration der ubmrhierenden Schicht immer gleich groß. una!
ob des durchfullende Licht stark oder enhwnch ist. Ale Ex tink t i onsko
zeichnet man denWert der Schichtdicke. welehe das Licht dnrehstruhlen mol
Zehntel seiner ursprünglichen intensi tät abgeechwächt zu werden. Dieser
ko e ffi z i ent einer gefärbten Filmig keit fiir einen bestimmten Speküalb
Konzeninä on der Flüssigkei t di rekt preportimnl. dns Verhältnis zwischen
und t inktionakoefl zient oder dns Absor p t i onsv erh i l tni s ist also kan

Absorptionsverhfl tnü eines Fu M ofl
’

es fiir einen bestimmten 8pektrnlhezir
kann man mi thin aus dem beobachteten Extinkiionokneflizianten einer Lösum
stolfes die Konzentration denelhen berechnen. (Wegen der Details der Me
0riginalnrheiten von Häfner

"
,
o. Noooden”

,
Otto"

, Albrecht.
”

22 . Zu klinischen Zwecken dienendie eolo r i xnetr i sch enMe t hod en.

Soy ler
" wird die zu m tersnchende Fliissigkeit rnit einer reinen Hi rnoglo

bekanntem Gehalt verglichen und so lange mit Wasser verdünnt , bis sie

Farbe hat wie die Verg1nidmflflssigkeit ; aus dem Grade der Verdünnung en
der Gehalt an Hämoglobin. w km lßig worden die beiden zu vergl dm

mit 00 gesättigt (vgl. dae vor1 .f. Pieseb ”
ungegehene Chrom0p botom eter

k e i lb ä mog lob inornetor).

Das Hiimmue!er nach Fleisch!“dfileeoher ”
(Fig . 12) besteht aus ein

Objekttisch aufzustellenden, in zwei Hüften geteilten Cylinder. Die eine 111
Wasser gefällt. die endet e mit einer Verdünnung des zu untersuchenden Blutc
einer ) (ienhpipette. lihnlich wie bei der Blutkörperchenziihlung , hergestellt wi1
rot geri ra Lösung vergleicht mandie Farbe einenunter dem reinenWasser
Hälfte durch eine Schraube vnrlmigefi hrien rohen Rub ing h sk e i les unt

roten Farben gleich einzustellen. Die Beleuchtung des Blutwu eers und d
geschieht von unten durch Lump enli ch t. Der Glaskei l trägt die Zahlen
Hä mog loh ing eba lt in Proz ent en des norm a lenGehultes angeben,
das untersuchte Blut enthält des normalenHb-Gebnltee 1

'

eillon Fr .

Bei dem von Grülzucr” angegebenenHämometer befindet sich die

e inem Gl e eke i l. h[itteist eines horizontale Schli tze hagendon Schiebers 11111

wird diejenige Stelle des Kei les aufgesucht , welehe die gleiche Farbe zeigt
g leichnfnrhe (Pikrocnrmin—Leimp latte oder beeeer roten

Das Gowerssche“ Hämoglobinometer besteht aus zwei gleich kali
röhrchen, von denendas eine eine Pikrocarminlöenng enthält, derenFarbe ge

lö sung normalenBlutes entspricht. In dem anderenRöhrchenwird e
Menge Blut an la ge verdünnt, bis seine Farbe der der Vergleirhsfnrhe g ieicl
von Sahli " angegebenenModifikation dieses Apparates dient zum Vergleich
lösung. welche sa lzsaures Häm a t in enthält ; das zu unterencbtmde Blut



https://www.forgottenbooks.com/join


111 feuchtenErythrocytenfand Hof
gg

.

sä
gyzgr

u 4034o/°H 1)
,

beträgt 98 95‚
Ö°/9 aller organischen udieile (in den ten

Erythrocyten wen1ger) .
Im Hunge r ist du Hlmog lobin widerstandnfi higer 818 die iibrig enMeter:

teile des Blutes Hermann11. C m" Ü ber dns Verhaltendes '

Hüm0310hins unt1

log i sc h enVerhi ltnim n vgl. png . 55

20. Sauerstofiverbiudungendes Hämoglobins: Oxyhi
globin und Methämog lobin. Spektreekopische Untersuehu

Der S p e k trn1up p ur a t (Fig . 13 ) beeteht aue 1. dem Kollixnator-Robr A

an dem einen Ende den verstellbaren Spalt 8 trägt, am anderen Ende die Sam1n
Spalt befindet sich im Brennpunkt der Linse ; die voneinem Punkte des Sp

F ig . 10.

Sehen. dee Spekfi nlep pm tee .

gehendenLichtstrnhlen werden also durch die Linse parallel gemacht und treten
2. das Prisma P ein, durch welches die Strahlen gebrochen und in S trahlen vers
Wellenlänge, entsprechend den Spektralfi1rbm . zerlegt werden. Dim gelangen in
Fernrohr B . Die Linse E dieses Fm rohrs vereinigt elle Strahlen gleicher Welle
einem Punkte, alle roten Strahlen in r . alle violetten in v. 80 entsteht in r ein 1

des Spalten8 , in v ein violettes. du wieehen befindennich die Spaltbilder der zwi

und Violett liegenden Speldnalfarhen. Die Gemmtbeit dieser Spaitbilder ist das

r—r ; es wird durch die Lupe F betrachtet. 4. Das Rohr enthält an dem

die Skala 0. an dem anderen die 8ammellinsa II. Die von einem Punkte der

gehendenLichtatmhlen werden durch II parallel gegendie Fläche [1 c des Prismas
von dieser in das Fernrohr B reflektiert und durch die Linse E im Brennpunkte
Se entsteht an derselben Stelle wie des Spektrum r —o ein Bild der Skala 6 , we

dem Beoimchier zugleich mit dem Spektrum gesehen wird.
Belemhtet man den Spalt S mit monmhromatimhem Licht (r. . B. Natriumiis

entsteht an Stelle der kontinuierlich nebeneinnnder liegenden Spalflfilder r— r de

Lichtes nur ein Spaltbild in der Farbe des monochrom tiscben Liet ‚ z. B.

Nntriumlinie.

Bringt man vor den mit weißem Licht beleuchteten Spalt 8 eine Farbe
(111. B . B ä rnoglobinlösung ). so läßt diese nur einenTeil der Strahlendes weißenLich



eton. andere werden: a b sor b i er t. Der Abeehnitt des Spektrums, dessenS tra hlen
nd, erneheint daher dem Beobach ter 1 15 dunkle Absorp t ionslinin.

Wi rd der Spuk S mit S onnenl i c h t beleuchtet , ao zeigt das Spektrum ei

1111 von dunklenLinien(Frm bqfcmehe Linien) in genau bestimmter Im inner

erMn. nwb denanmnnniob im 8pektrum zu orientieren piiegt ßio werden bem i t

B C D etc.. a b c etc. (8. Fig. l4— l7)
Außer durch B re c h ung des Lichtes in einem Pr i sma (Pr i emnsp e k t r u

nu auch durch B eugung dee li chtes mittelst eines eog . G i t tern (bestehend 1

parallelen und gieiehweit voneinander entfernten, in eine Glaspla tte
inion) einSpektrum erhalten(G i tterepek trum) . In denGitterspektren ist die Al
münhtes der Wellenllnge direkt pmt inden?riemenspektren ni«

mmt die Ahlonknm nnch chm vh lehenßde hin sturk zu. h mmm i

e A
°

usdeimung des Spektralhezirke von —110099 Wellenlänge dieeo1he , wie

nirks von öüO— iiil ) im Prinmenepektmm isi der erete ßezirk bedentend lii

1r zweiß Es eind rififier Pfinmm und ßi ttenpekh m nieht ohne weifiemn mi t

irgleiehbnr. Die Spekb enin?ig . lßsind h ismennptsfi tut. dic infi g . 17eind l’hotq

Eine gmße Bedentnng hat ö e photog rephieehe 3 eg iofi emng der ßpettralerenhr
w om en: S p e k tr0p hotog r ap h i e (Rost, Franz 11. Durch die photogn

Me. 1 1 . Fig . 16 .

BO D Ei) ? uBO D Eb F

Die Ah orp tionnpektn dee —Eh (Fig . 14) und de. M eteo 1111 (Fig . 15) bei m ixender K o:

on. Die Dicke der untenuoh teu F1M gkeiteeehieht = l en. Die Bmehüehen unten bode
die M oo/hruchen Linien; die Zahlen zu r Sei te gehen den Prom tgelu lt der Lh uune1

(u ch Roll“

nfnahme gelingt os, auch die im uns i c h t b a ren. u lt r a v i o le t t enTeile des Sp.

11egenenAbsorptioneetreifenzu beobachten, die gerade bei sehr starker Verdünm
lutlönungen auftreten, wenn die im sichtbaren Teile des Spektrums gelegenen Alma
reifen bereite verschwunden sind (vgl. pas.

1 . Das Sa u e r s to ff- H ämog l o b in oder Oxy - H ämo g l o b in
ntsteht sehr leicht, wennHämog lob in oder Blut mit Snuerstofl

’

ode1
1 Berührung kommt ; schüttelt manBlut oder eine Hämoglobinlöeun
811 mit Luft

,
80 w ird fast alles vorhandene Hämoglobin in Oxy

lob inverwandelt. Das O‚
-Hb ist e ine c h em i s ch e V e r b ind ung : 1 M

[ämoglobin b indet 1 Molekül Sauerstofl'

O, ; 1 g Hämoglobin
‚
84cm ' Sauerstofl

' Doch ist der Sauerstofl
'

im O‚
-Eh

est geb und en; dns O, -Bö ist eine sog. dissoziable chemische
indung (vgl . 30) Der Sauerstoff wird daher schon durch solche
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1ertocyama zu normuem um ne
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Hal l W “°mmtf—ii äm03 10bin. DunMeihä umg lobin.

undErh i tz enbis zum Siede unkt Ch em i s c h kannden
Saueretofl

' entzogen werden urcb reduzierende Substanzen
,
x. i

ammoniurn oder Stokesscbes“ Reagens (Lösung vonweinsm
nxydulnnunon; stets fri sch zu bereiten dureh Auflösung von e

sulfat inWasser , Zusatz vonWe insäure und darauf von Am
zur alkal ischenReaktion) : es entsteht r ed u z i er tes(g asfreiee) l
Schü ttelnmit Luft bedingt sofort wieder Bi ldung vonO, -Eh.

Lösungen des O‚
-Hb sind scharlacbrot

‚
Lösungendes

1111 v iole ttrot und d i c h ro i t i sc h . d. h. bei auffallendernLicht
be i durehfallendern grün (vgl . S . Be i der spektroskopie
suchang zeigenkonmntriertere BlutlösungenAbsorpt iondes gen
Tei ls des 8 ktrums ; bei fortecbreitender Verdünnung der Lö
dann die arakteristischenAbenrptionsbänder auf (vgl . F ig.

zeigt in etwa 1 b is Blutlösuug zwei Absorp tionsetrei f
und G r ün (Hopp eo Seg/Ier

“ 1862) 17. red u
an Stelle der be iden Streifen des O, -Eh e inen b re i ten verv

Absorpt ionsstre i t
'

en(Stokes‘° 1864) (Fig . 16 .

Bei zunehmender Vordiinnung der Blutiösnng werden die beiden Aber
des 0

‚
—Eh immer echwöcher und verschwinden schließlich ganz . Dafür b

Violett ein durch die Spektr0pbotmgraphie nachwaiaharer, ebenfalls fiir 0
,

stiecber S treifen auf (Sara Grabe durch diesen Streifen 1101

in der Verdünnung nu hgewienan werden (Fig . 17. I. ) (Rost, Pro»
Wenn die Reduktion des -11h zu reduziertem 111) durch Sehwei'eln

genommen wird , so tritt außer dem charakteriefischen S treifen dee reduzierte
Streifen im Orange auf; er rührt von einer Bildung von Sulfhi mog lobin her

Setzt man zu Blut zuerst einige Tropfen einer Formaldehyfl öe

Schwefelnmmonium , so erhält maneinensehr scharfenunddunklenStrei fenvon

O‚
-Hb findet sieh im k re i send en B l u te innerhalb der

körperehen; es kanndurch die spektrosk0piscbeUntersuchung des
ohres oder der dünnenHautsebiehten zwischen zwei aneinan

Fingern nachgewiesen werden. Werden Tiere dureh Ersti0ku
so w ird aller Sauerstofl'

des Blutes an die Körpergewebe nbg
daßnur red u z i er tes H ämog l o b in in den Gefäßen augetr

Umsohntirt man die Basis zweier Finger bis zur fi rculationsunterbmd

man bei der spektroekopisehen Untersuehung der roten Hauteiiumo. mit wele
berühren, daßdas 0416 alsbald in reduzi ertes Hb übergebt (Vim rdl E

Kälte verzögert diese Reduktion; im Jugendalter, während der Mu koltiifigkeit
drücktet Atmung, meist anrh im Fieber ist nie beschleunigt Auch
Herz wirkt reduzierend auf O

‚
-Hb

2 . Das Hämoglobin bi ldet mit Sauerstoff noch eine zwei
krystallisierbare Verbindung , das Methtimog lobin, Met—E

es enthält ebenso v iel Sauerstoff wie das -Hb
,
abe

artiger Anlagerung (Hüfner u. Otto Hüfner u. De

im Met-Eh ist fest gebund en; das Met-Hb kann daher d
keinen Sauerstofi

'

abgeben. Hierin l iegt die Gefahr der Met
ftir den Körper begründet. Die Umw and l ung d e s O‚

—Hb

vollzieht sich außerhalb des Körpers allmähl ich von selbst , 111
lassendes Blutes. bei längerem Erwärmen oder langsamem 1

S ie kann durch eine große Zahl cbewiscber Substanzen beförd
besonders schnell w irkt Ferr icy anka lium.

Nicht allein lackfarbiges Blut, sondern auch das Dh der int ak t enB
kann inMeto iib umgewandelt werden, z. B . durch chlor1mu ea Kalium. Antifeh
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[5 Die Koblenm ydvefß
‘mnß Dal!860koxyd

« ii i mmichin. Zerlegung des

Die Knhlen0xyd'ß1
'

gi ih ng . 00 enhh ht bei unvollständiger Verbre
C dureh vorzei tigen Schließen der Ofenklnppen, smrk blukende Lampen;
Inuchtgus kommen12—28°I‚ 00 vor. Doch ist die Leuchtgasvergiftung nicht 16 111
mit der CO-Vergiflung (Femhlond

Da das 00 eine 140ma1 größere Affinität zum Hb besi tzt 1118 der 0 (H
so wird durch Atm® g 00»1111163M Luft mehr und mehr der 0 aus dem Blake

und enkannnntiirlioh dns Lehen nur sohnge benh hen, 1118 noch hinreichend €
entd ist, um die fiir das Lebenw twondignnOxydation: prosesee zu unterhalten.
00 töten denMenschen, wenn es auf einmal m tmet wird . Es genügen aber 6
kleine Mengen00 bis m ) in der Lan, um in i nner Zeit verhä hrisml
Hansen OO-Hb zu bilden Der Tod tritt ein, noch ehe aller 0 aus

verdrängt ist (im mgünstiguten Falle bleibt noch des 0 im Blute zurück) (
Die Erscheinungen, die bei der OO-Vergiflung auftreten, sind zuerst lebbnfber Ko
große Unruhe, Aufregung , verstärkte Herz und “wungstiitigkeit , Salivation
ZuckungennndKrämpfe, später tretenUnbesinnlichkeit, Ma ttigkeit, Schläfrigd I
ein, Verlust des Bewußtsein , mühsame röchelnde Atmung. ech1ießiich völligenVe1
der Empfindung . Aufa der Atmung und des Henschlngso und Tod. Die

zeigt im Anfange Erhöhung bis m aneinige Zehntel Grad , dann folgt Abnnhuw
und darüber. Die h lsschli ge neigen anfangs gesteigerte Energie spl ter

Puls sehr klein und frequent. Die A1knloeoenz und der Kohlensä uret des

vermindert , die Milchfl ure vermehrt (beim Kaninchen, Araki " , Sa iki u. "
'

n!

llitunter tritt (bei Hunden nur nach reichlicher Eiweißfiitternng. S traub “
) Zocken

auf. Nach überstandener Intoxi kation soll die Hm tofleuserlmidnng zunehmen (I
In der Leiche ist auffällig die große Überfli llung der Organe mit flüssig en

rotem Blute und die Erweiterung der Gefäße. Alle Muskeln und Eingeweide hehe
rot e Fl rimng ; die Tbhnflecke sind hellrot. Die noch lebenden Vergifteten 11
sofort an die frische Luft. Noah wirksamer sind O—Inbalntionen. Da durch nn111
handlung (Durchlei ten) des 0041b mit anderen Gasen (namentlich auch mit O)
da 00 wieder vom 11h getrennt werden kann [unter Neubildung von 0‚

—Hb (1
Zunfz"

,
so gelangt auch im Körper durch die Atmung schonnur

Stunden des 00 zur Ausscheidung ; eine Verbrennung des 00 zu 00
,
kommt 1

vor Hochgradige Intoxi kation erfordert die Tr ans i'usi on.

4. Das S t i ck o x y d—Hä mog lobiu entsteht , wenn NO mi

Verb indung gebracht wird
Du dieses Gas inBerührung mit 0sich sofort zu Stickstofl’

dioxyd (Unteren!)
NO

,
verwandelt. welches auf Hilmaglobin zersetzend einwirkt , so mußbei der 1

des NO-Eh zuerst aller 0 aus dem Blut und denAppernten (etwa durch Durehlei
entfernt werden. In Körper kann es sich uns diesem Grunde nicht bilden. Das

eine noc h fest en chemische Verbindung als das OO-Eh ; es ist mehr b18n1i c
und gibt im Spektrum zwei Absorptionsstrei ibn, ziemlich ähnlich denender beide
Gasvnrhindnngen, aber weniger intensiv. Reduzierende fl ittel löschendiese Streifen

Die drei Verbindungen des Hb mit O„ CO und NO kry s t a l
w ie das gasfreie Eh, sie sind i som o rph , i hre L ösungen sind 11

cbroi t iscb. Alle dre i Gase verbinden sich inmolekularem Verhä
dem Hb und sind im Vakuum austreihbar.

6. Auch Cyanwnseeretofl OKH bildet Verbindungen mit Eh (Kobnt ,

6. 111mr Verbindungen von S chwefelwa seerstoi
'

f mit Hdmoglobin (S
o

n
g lob in) vgl. Ham aclc" , KM

“
, Clarke u. llur tley

“

22. Zerlegung des Hämoglobins. Hämoglobinderiv

Das Hamoglobin ist ein z u samm enge s e tz te r Eiwe ißkör
Ch rome roteid (vgl . pag . es besteht aus einem Eiweißköq
G l o b in 94 des Hb) und e inem Fa rb s to ff (447%desHl»
sind Stoffe unbekannter Natur, dem H äma t in(bei Z
vonO baltigem Hb) resp. H ä m o ch romog en (hei Zerlegung von
Hb) . Das Hilm00hromogen geht durch Oxydation in Hämatin, ur



Taia sßh e
‘" Hä mmk ry stnlle, selbst aus SpurenvonBlut

werdenkann ,
so spielt es in der forensischenMedizineine wird

ftir den\\ae h w eisvou B l u t. '

l
‘

rockenes Blut (flüssiges Blut muß81
versie\1tig g etrocknet werden) w ird auf einem Objekttriiger
3 TropfenEisessig und e inem k leinenKöruehen Kochsalz vern
naeh Auflegendes Deckglases vorsichtig erwärmt, bis sich Blusen
unter dem Mikroskop sieht mandann

_
die Krystalle (Fig. 18 u.

selben ersche inen als k le ine rhombische Tä felcl1en
,
Bä lkchen

chen,
gehören j edoch wahrscheinl ich dem monok lini schen

eu. Nicht seltenhabensie die Form vonHanfkörnern
,
Weberschif

von Paragraphzeicben. Mitunter liegen e inige gekreuzt oder in
in der Krystallform sind die Häminkrystalle aller untersuchten
6berninstimmend Sie ersche inen bei auffallendem Li 1
schwerz (wie angelaufener Stahl glänzend), bei durchfnllendem 1

braun. Sie sind deppelhrecbend und pleochroitisch (vgl . pag . 60)
inkryeh 11e sind bei allenWirbelä erklnesen dargestellt eben1

Blu“ WiM om (e. B . des ßegenwurms). Auch aus t'ötnlem Blute Ins
bm telien (M m Hühnchen schonem vierten'

l‘ege der Bebrdtung , Kobert

F ig . 18 .

6

W 1nkry eßfle : vonMeuwhen, 2 8eehund, 8 115m inkryetnl1e , dem
8ehwein, Lamm ,

üHecht , 7 Kenlnehen. eue Btntepnren

phyrin, Blut verfleben mit Sand oder 'Ii erkohlo oder nach Zusatz mem ber F1
und Ag—Selze‚ von Äßkalk (Lade u. Rom elein üeiom Jod (ll. Hoher !

11!minkrystnlle mehr, dungen stört Formalin die Bildung der Hi minkrystnlle 11

lllminkry stalle sind unlösiich inWm er. A lkohol. Äther, Chloroform. liielich in

Alkalien.
Der Eisessig ist erseh bar dureh alkoholische Lösung aller starkenMinen

organischen Säuren (Teichmann due Koehefl z euch dm Jod

setze ; im leh teren Felle bildet sich des ähnliche Brnmwam ntofi oder Jo

bh il , dm gibt k&ifl ‘
t i a 301 VGI'WOB Ö II

natn
°

um läßt sich noch 0026 1113) Blut nachweisen
Gelingt os. aus einem verdi cbä genFleckenHäminkrysä lle bemesteiien,

na türlich nur der Nachweis ven Blut überhaupt geliefert, ni c h t de r N a ch
e s si c h um Mensc h enb lu t h and elt. Die Unterscheidung vonMensebm
ist mdg lieh mit Hilfe der p r ä c ip i t i e renden Son (Ultlm l ml ) (vgl. pe& 811.

Sowohl dem Hämochromogen wie dem Hämetin kann d
w irkung von Sä uren (Schwefelsäure) das entmgen werden
steht dabei das Hä matoporpby rin, C„ H„ N, 0. (nach 2

C„H„N, U„ nach Willetä tter u. Fischcr “ ‘ G, .H..N. E

sa u re r L ö sung zwe i sehr ebarnk1e1i etisebe
nach Bot zu liegen als die des O‚

-Hb; der zweite Streifen 6

einem be11eren und einem dunk lerenAbschnitt. Das Spektrum 1



1ßm bhindrrin h . bu titrons der rotenßh fi örperdnm

ch enHl me toporpby rins ähnelt dem du nentralenMet-Hb
[renHämetins inelkoboiiecher d u ä tberiecber lßeung (fi g 16 . 9

VU .) (vg1. Das Spektrum des Hämatoporpbyri
m und elksliseber lßsung ist zum iorensiscben

Durch Bednktion des ili nnfiop0rphyrins erhieitenß
'

cnch
"

und seine m
11 7fl iig eseersb fl reim fi lirper. (h s 11h nop y r rol ; dieses ist da metky i-i tby l

eu,
- r - 0 - 0

‚
H‚ m1

,
— 0— r3

011
‚
- 0 011 110 —cn

,

XII

S et h Fä cher u. Holm ‘"
enthflt du llolekiil des Hlmins v i e r Pyrmlkerm

Aus dem ü lorophy ll der grünen Bli tter gewannen 11. Mereblevnh
Bh stoporpbyrinsehr ähnliebu Pigment, dns 1113'110p0fp1131 111 ; dfl d1 Reduktion
1 aus diesem ii i umpyrrol (New“ 11. Dem onfind mi thin das
in und des Chlorophyll dmm

'

seh verwandte 80hstnnssn. Das %b rwby il ent
le des Eisens des Hh og lobins Magnesi um (vgl. Willstdllrr u.

Durch Oxy dation des Hlmstins erhielt Kflsler
'“ zwei Säuren: H i me t ins

Der Blutfndntofl ist c h em i sc h ne b e v erwendt m i t dem Ga llen und

be ten. Der Galienfurbsüi l B i li rub in ist ismner mit dem Hi matopn
sowohl Bilirubin sis Bi liverdin geben bei der Oxy dation dieselben [1

‘
en wie ii lm3 tin (Kflfl rr Wenn Blut enßsrhnlb des Knisieufes M ic

Zersetzung enheimßllt . B. in upoplektiseben .Bluterg iissen. in geronnm e

pfen usw.. so entsteht aus dernHlmog lohin ein lue1mroter Farbstotl
'

. das fi l ms

N
‚
.U Es ist e i senfre i . krystnllisiert in klinorhomhinchen Prisma . ist 111

a ra a rm und warmenA1kelien. Wehrsrhoinlich ist es i d ent isc h mit dem 6 111
'

e B i li rub in. Naeh nmh ngreiehsr Auflösung von Blut in den Geflßsn (z.
mf1wion iremdnrtigen Blutes) sah man 11£meh idinkrystulle im Urin. Auch im 13

me und im 8putun1 sind ii iirnst1fidinkrystnlle gefunden worden.

U rob i lin, einer der Farbstofle dee Burns, läßt sich durch Reduktion des H
lh üscher Lösung mit Zinn undSalzsäure tc h

'

n. oder durch Eim
H
,
O
,

auf saurenHämatin (Mm: Hm m" gewinnen; Hi mopyrrol geht an 11

selbst inUrobüin iiber ; subcutane Injektion von Hi ma beim Knninehen
scheidung von Umhilin (Neue“ 11. Umbilin findet sieh mi tu
1en, Ex nnd Trenssndaten. ebenso bildet es sich in steril bei Körpertem
mra Blute
Das fl hor i oidee lp i g m ent und das Ha a rp i g m ent stammt ni c h t aus de

M e (E.

3. Das Stroms der rotenBlutkörperchenunddie we
‘

Blutkö rperchen.

A. Das S troms der r o ten B l u tk ö rp e r c hen enthält
1. Eiwe ißkm per. Naeh Pascacci ‘“ bestehen die trockener

ta rund zu aus Eiweißstofl
'

en. Der hauptsä chlicbste Eiwei ßen
111 Hallibw lm ‘” einNucle0proteid.

inden Kernender kernbnltigen roten Blutkörperchen der Vögel findet sich
1mmengesetst aus Nucleinsltnr e und H i s ton (Ackermann
II . F e tte . Neutralt

'

ett kommt in den roten Blutkörperchen
dagegenCh o l e s te r in(nach Wacker 11.H1

im freienZustande
,
nach Cyb oni»erg ‘" dageg en b is zur Haiti

über als Cholesterinester) und
x

Leci thin (vgl. Beumer u. Bürg
1 9 1
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24. Das Blutplasma und der Faserstoff (das Fib1
Die unveränderte Flüssigkeit des Blutes heißt „P l asma

“
.

scheidet s ich jedoch meist schon bald nach dem Austritt des
den Gefäßen eine faserige Substanz ab

,
der „Fa serstq ff

“
. Na

Ausscheidung hei ßt die nunübrig gebl iebene. spontannicht mehr g
Flüss igkeit „S e rum“

. Das Plasma ist beim Menschen und
Tieren gelbl ich . be im Pferde zitronengelb , be i anderen Tieren,
Kaninchen, fast farblos.

D arste l l ung des P l a sma s. Um das Plasma darzustelle

nötig
,
die Gerinnung zu verhüten; dies gel ingt entweder durch Ah

oder durch Zus at z ge w i sse r Sa l z e .
A. K ä lteyfl a ema. Man läßt das aus der Ader ström

(namentl i ch des Pferdes, welches sich wegender langsamenGerin
schnellen Senkung der Blutkörperchen hierzu besonders eignet)
engen

,
in Kä ltemisehung stehendenMeßcylinder fließen. ln de

bleibenden Blute senken sich innerht einiger Stundendie 13m
und das Plasma bi ldet oben eine

,
mit der (abgekühltcn) Pipefle 11

klare Flüssigkeit. Wird diese schließl ich noch (auf eiskaltem
filtriert

,
so ist das Plasma auch von denLeukocy 1en befrei t.

gerinnt das Plasma und geht dabei ineine zittemde Gallerte ti l»e1
man es mit einem Stabe . so erhält man denFaserstofl'

als fa

Masse isol iert
S a lzp lasma . Wird das aus der Ader strömende

Meßey linder unter Umrührenmit V, Vol . konzentrierter Lösung
triumsulfa t oder mit Magne s i um sul fat—L ö sung (l
auf 4 Volumina 8 11111 vermischt , 80 senken sich (am kühlen
Zellen

,
während das klar obenstehende „Sa lzpla sma

“
al»pipettie

kann. Wird dem Salzplasma der Salzgehalt durch Dialyse entz
tritt Gerinmmg ein; dasselbe bewirkt schon eine Verdünnung mi
Verhindert man die Gerinnung durch Zusatz vonoxalsauren81

Fluoriden (vgl. ä 25, 11. c) , so erhält manOx a l at resp. Fluo r i
0110: da quantitative Verhältnis von Blutkörperchen und Plasma, dem V

dem Gewicht nach ’

vgl. pag . 37n. 84.

Der Fase rsto ff ist diejenige Substanz, welche sowohl in
leerten B l u te als aueh indem Plasma (ebenso inder Lymph
Ch y l us) durch ihre Aussche idung aus der Flüssigke it die C

'27.

. .A



w i t einen 8 1abe gesc h l a gen
ckeln nich die MW11mden Fm to um den Stab herum ,

1
1111

1111 111111 1°10110 015 fu erige g an—
_

gelblicl»weiße Musa Das 6

11101 kann000 01001 mehr . defi brinier tes B l u t
171 —éf:

 

1 80r010 000
.i ‚i)

"

1

o
l"

-I
‘ 8

-
“
VWü 1gerw

11 [4101 001110 rege erheblich schwanken Fa

18 1010016011011 111 Wasser oder Ather ; Alkohol sebrumpfi
°

Ae10010011110) 61 101 frisch 205 °

getrocknet w ird er 0011 10
r01100110100110, spröde und pulverisier11ar.

?r10011n ?111f10 vera»; 11
,
0

‚
101111u1! in II, 0 und 0 zu w hen.

111 M10001 auftunu hrt, verliert 011 111% Vermögen
910e11 11101 8 15r i 1 10h 1 04 in 6 W angen vonNaWi

Mummltflt. lndünmm Mkalien und Ammoniak ; mm koaguliert 61m

m 0011 11011. 10mm 900 (Na01—NH G—KJ—NuJ—NaFl —Nh
00 40° 1100 21110111, 0. 6 . 1 von Auch S erum1001m
300116111. 215110 Mader anf: Fi br1noly ee ; am stärksten bei

u011111@h 111106011 011 dabei 11 111 die Wirkung eines filninolytüchen Forme1nüc

25. Allgemeine Erscheinungenbei der Gerinnung.

’l

In unmi tte l ba re r B e r ü h rung m i t d e r l e b end i gen 0110
ränd e r ten G e fä ß w and ge r innt das B lut ni ch t (Hewsm , 1

konnte Brücke ‘
auf 0° abgekühl Blut in 11

601000 geßöte%r Schildkröten 8 Tage ungemnnen erM
1151110" 000 6101 111 einem l e b end enGefäße , so tritt inder zent ra.
rh ae (101411111105 ein, wei l hier kein Kontakt mit der lebenden Ge
010110010111. 15 81 111011 6101 so aus einem Gefäß aust mten, daßes

1 unverletzter 100100 10 Berührung kommt , ni cht mit der &hniflflä

dem 111011 die 101111111 008 dem Lumen des durchsehniflenen 0e1‘1
11100 1011! und 110011 außen umklap so gerinnt das Blut 6 —7

Mer 1110 008 6 1111 11118 einfach du
p
schnittenen Gefä ßen (Unger

ner1mlb to te r Hemen oder Geläße, oder innerhalb anderer Kanäle, 1
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Hom witz '°i‚ w irkt gleichfalls gerinnungshemmend.

g ) Das Blut der Vö g e lem bry oncn gewinnt vor dem 12 .
— 14. Tage nic !

LS Blut der Niem vono das der Lehervamm sehr wenig. Blut (Hund ), Wi

uch das Herz und die Lungau gelei tet wird , gerinnt lange Zeit hindurch nicht
Blut, welchem die Circulation durch Leber und Darm verschlossen ist., gerinnt

Pötalblut im Momente der Geburt gu innt früh , aber langsam, sau:

dt ist gering Das Mens tr ua lh lnt zeigt geringem Neigung zur

118 demse lben reichlicber allmlischer Schleim aus den Geachlochtstcilon beigemim
b) Bei der „B lutork r ankhoi t“ (Hi m0philie) ist eine stark verminderte

rit des Blutes vorhandan, 50 daßselbst kleine Wunden sehr lange hinten. Die

u F e h l en d e r Th r om t mk ina so (8. unten). das Proh plasma dor geformten
Blub s, vielleicht com aller Ze llen des Körp ers hat das Vermögen eingeMiflh

nass zu liefern(Schü Morawitz u. Lam »
Auch bei fi bo l ä m i e kommen bisweilen schwer stillbare Blutungen zur Ba

m m Entstehennoch nicht aufgüi i rt ist (vg l. Mom wi fz u.

Ill. B e s c h l e u n ig t w i rd die Ge r i n n u n g
Durch Erw ä rmung (von 39 vgl . IV).

b) Durch zahlreiche S toffwechsc lp roduk te : Harnsänre,
aurin

,
Leucin

,
Tyrosin , Guan in, Xanthin , Hypoxanthin (n icht Ha

ie Gal lensäuren, Lecithin , salzsanres Cholin , Protagon . Int
)jektionenvon G e l a ti n e sollenbew irken , daßdas Blut nach dem
as den Gefäßenfast momentangerinnt (Bastra u. Floresm von
i rd diese Angabe bestritten oder auf den Kalkgehalt der Gelatine
Bfiihfl Camus u. Gley

”
,
Sadcur Zibell

IV . Auf die B l u tg er in n u ng s z e it hat nach den Unterm
on Bürker ” die Temperatur einen großen, aber durchaus rege!
influß. Barker fand die Blutgerinnungm it bei zu
ai zu 10, bei zu bei 28° zu 4, bei zn

zu M inuten . In den erstenNaehmittagsstunden scheint
imum der Gerinnnngszeit vorhanden zu sein . Für verschiedene In
t bei gleicher Temperatur und gleicher Tageszeit die Gerinnungs
emlich konstante G röße Nach starkenBlutverlusten
erinnungszeit ab ge k ü rz t

,
bei schnel ler Verblutung gerinnen die

lutmcngen am sc hne l l sten (Arloing ”
‚
Arthas”

, N
er Velden8° erk lärt sich die Erscheinung dadurch

,
daßnach [ihm

ewebsflügg igkeit indie Gefäße eintritt und reichlich Thrombokix
ineinschwemmt.

Einen Apparat zur Bestimmung der Blutg erinnnng—azeit bei konstanter, j .
immter Tempm tnr hat Bürker " angegeben.

26.Wesen der Gerinmmg .

Alexander Schmidt" hat (186 1) ermittelt , daß die Gerinu
srmenta t iver V o rgang ist : durch Einwirkung eines Permea

hes „Fibrinferment
“ oder „Th romb in“

(Th romb a s e) genau
ird ein löslicher Eiweißkörper des Plasmas , das F ib r in ogen ,

nlöslichen Körper : das F ib r in
,
umgewandelt.

A. Schmid! nahm ursprünglich nu, daßaußer dem Fibrinogen mlet der til
nbstnnz noch ein anderer Körper : die fi b r inop la s t i sch e S u b s tanz (Sera
:Lmg . 80) bei der Geflnnnng betei ligt sei ; beide Körper faßie er zusamm&n
neiclmnng : Fi br ing enera toren. llmnmorsten”

(1875) wies aber nach, daß
:h nur a us dem F i b r inogen unter der Einwirkung des Fibrinfermen%e bilde

Man hat nng enommen, daßdurch das '

l
‘
hrombineine S p a l t ung des Fihrino;

assemufnubme stattfindet in das Fibrin und eine geringem Menge einer flümig 1



Globa dns M obfllin (Hammaraim
”

‚ wm sadat ar
disco Anschnnsmg bestritten(H“üb0mp

Das F ib r in oge n ist einGlobulin (vgl . png . Es ist

verdünnten Alkalien löslich und wird aus dieser Lösung beim Ou
von CO, n iedergeschlagen . Es ist ferner löslich inverdänntenSal zl
z. B. indünner Kochsalzlösnng ; durch Halbsä ttignng m
salz wird es zum größten Teil gefällt, vollständig bei Gana ä ttignng n
salz . Seine Lösung in Kochmlz kongnliert beim Era auf 3

Die Zusammensetzung ist nach Hammamtm “ N 16 ,

die spezifische Drehung z [D]= (Mi ttelbach

Da r s te l l u n g d e s F i b r i n og e n s . Fibrinogen kommt außer in
noch in den sogenannten lymphatischen Transsndntm (z. B Hyc

flüssigkei t. einTranssudat in der serösen Umhtillnng des Bodens)
w ird daraus (Salzplasrnn, Transsndate) durch Vermisdmnrnit dem

Volumen gesättigter Kochsnlzlösnng ausgefüllt, und durch wiederho
lösen in dünner Kochsnlzlösnng nnd Ausfällen mit gesättigter E
lösung gerein igt.

Ent s t e h ung d e s Fi ln inog ens. Das Fitninogon ist berei ts im Plasma

1ierendon Binüm vorhanden; seine Menge nimmt tim Gegensatz zu älteren Vor
welche das Fibrinogon an: einem Zerfall der zelfigm Elem ente im entloerten
stehen1ieflen) nach der Entleerung nich t zu. Woher dns Fibrinogen dos Bintp lnsnu
ist nicht mit Sicherheit bekannt, vielleicht aus der Leber (H'

loipp le Gw dpash

dem lymphoiden Gewebe. Navi: P. Th . Müller ist dus Kna bea eine Urep
dee Fibrinogens ; die Filninogon bi ldende '

I
‘
l tigkeit desselben wird durch die

bakterielh r Produkte betri ohtlich gesteigert. (Vgl. Morawilz n.

Das Fi ln inferment (Th rom b in ‚ Th rom b a s e) . D a rm
Nachdem die Gerinnung zum Abschluß gekommen ist

,
bleibt das

welches ja entsprechend seiner fermentntivenWirkung bei dem 1

n icht verbraucht w ird, im Serum zurück
,
es kann aus diesem ini

Weise hergestellt werden . Blntscrnin w ird mit dern 20fachen
starken Alkohole vermischt, der Niederschlag , welcher aus Eiweiß
ment besteht

,
2— 4 Wochen unter dem Alkohol stehen gelassen .

wird das Eiweiß kongnliert, inWasser nnlöslidn. Man filtriert um

Zeit
‚
trocknet denN iederschlag üher Schwefelsäure und extrah iert

Wasser : das Fennent geht inLösung, das koagnlierte Eiweiß bleib
Werden die Lösungen des Fibrinogens und des Fibrinferm.

sammeng0miseht, so entsteht sofort 1
‘

ibrinbildnng . Am günstigster
bei die K ö rp e r temp e ratu r : 0° verhindert die Gerinnung ,

di

h itze zerstört das Ferment. Die Menge des Fennentes ist glei
g rößere Mengen bed ingen schnellem . aber n icht vermehrte Fibri l
dung. a Fibrinbildnng ist ein gew isser S a l z g e h a l t der Flüssi;
forderlich (l°/o Kochs ) ‚ sonst tritt sie nur langsam und tei

En ts te h u n g d e s Fibrinferrnentes. lm Plasma des circnf

Blutes ist noch k e in F ibr int'erment v o rh an d e n (oder nur geri
Auslösung der Gerinnung n icht ausreichende Mengen ; auch sind in
gerinnnngshemrnmde Slofl

'

e vorhanden
,
welche die Wirkung des e

handenenFermentes aufheben). Dageg en enthält das Plasma des
renden Blutes eine u nw i rk s am e Vo r s tu fe des 1*

‘

ibrinferrnen

Pro th romb in oder Th rom bogen .

Vg l. tiber analoge Profer rnonte : Propepein (5 110L Trypsinogen (ä 1 1-1
Das wirksame '

l
‘

hrmnbin wird aus der unwirksamen Vorst
'

l
‘
hrnmbog on, gebildet durch die Thronnbok innso (Ak ti v ier



'

8 Wesen der Gerinmmg .

l
‘
hrombog ens). Diese ist ein ganz allgemeines Protoplasmapmdn

indet sich in den Gewebssä ften, eher anch inden zelligenElemen t
3lntes

,
Speziel l den B intp lä ttehennndLenkoc ten, welche die Th

unase andie Blntflüssigkeit abgeben , wenn sie nreh die Be rührn1

ainernF remdk ö rp e r dazu gereizt werden. Bei den Säugetieren sind
scheinlich die B lntp lä ttchen die Hanptqnelle der Thrombokinns
?linwirknng der Thrombokinase auf das

'

I
‘

hrombogen ist aber endliel
lie A n w e s e n h e i t v o n Ka lksa lzen erforderlich

,
ohne daßman

ron der Rolle
,
welche die Kalksnlze bei der Umwandlung des

ngeus in Thrombin dureh die Thromhokinnse spielen
,
eine k lar

ztellnng geben könnte . Jedenfal ls ist die Anwesenheit der Kalksal
:rforderlieh für die B i l d u n g d e s Th romb in s ; ist einmal wir1
Phrombinentstanden

,
so erfolgt die Ein w i r k u n g d e s s e l b e n anf

roge n auch o h n e Gegenwart von Kalksalzen(Fuld n. Spiro “
,

Direkt aus der Ader inFluornetrinmlösung fließendenB lut li efert kein Ferm
lie Fermenttfildnng bereits begonnen, so kann sie durch Zusatz von F1nornatrim

mhemmt nnd der Fermentgehalt des Blutes auf seinem in di esem Augenblick e
Wert erhalten werden Ana frisch hergestellten: Oxnlntplaarnn können de
ration du ch Berkefeldfllter die Blutplflüchen vö llig entfernt werden; bei nachtri
Sw tz vonKalksnlzen tritt dann keine Gerimmng ein. wei l keine Blutpli üchen.
reine '

1
‘
hromhokinnse verbunden ist (Cramer n. Pr ingk

Bei der Bildung des '
I
‘
hrornbine aus dern '

I
‘
hrornhogenwird niemnls alles vor

l
‘
hrombogen verbrnneht ‚ es findet sich daher im Serum immer noch '

1
‘
hromhogem.

Inch Zusatz vonGewebeel t'ten z. B . aktiviert werden kann. Andremeits geht das T
nehr schnell nach der Gerinnung wiederum in eine unwi rksame Form ti ber, da

b rom b in; aus diesem kann durch Alknlien oder Säuren wieder Thrombin gebildet
und zwar a uch bei A bwe s enh e i t von Kalkmlzen) .

Die Berühren; mit Fremdkörpern ist nicht nur fiir die A bga b e der '1'hrom
um den geformtenElementen erforderlich , sondern auch fiir die E inw i r k ung von
bogen, '

l
‘
hromhokinnee nndKslksalzenaufeinander und somi t für die B i l d ung des Th
Die Gerinnung vollzieht sich demnach in zwei Stadien : I

les Thrombins aus dern Thrombogen durch die Thrombokinase bei
wert von Kalksnlzen. 2. B ildung des Fibrins aus dem Fibrin
ins Thrombin . Das folgende Schema gibt (in Anlehnung an «ld

Bild des Gerinnnngsvorganges

Blut

Plasma geformte Elemente
(Blntp1ä ttchen,

Lenkocy ten

Frei
Adh

Thrombogen Ka] size Thrombokinase

rinogen Thrombin

Bei der komplizierten Natur des Gerinnnngavorgnnges kann er in sehr vom
.rüger Weise beeinflußt werden, j e nach dern Stadium , in welchem das beh efl’

endo
wirkt. 80 kann z. B. die G erinnung anah le i b en a us fo l g end en G r ünd en:

1. F e h l en des Fi br inog ene. Serum oder detibriniertes Blut gerinnt nie
10 kein Fibrinogen enthält. Wird einem Hunde ein gewisses Q uantum Blu t e
lefllniniert undwieder eingespritzt und di eses mehrfach wiederholt, 80 entt nehfieß
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A. Die Glohnlinfrak t i on enthält :

1. Das S ernmg lobnlin(früher auch fibrinoplastische 8nbstam

lobnlin, Sernmeasein genannt) als wichtig sten Bestandteil . Es ist

| Lösnngen von Nentralealzen NaCl) und in Alkalien , nnlc
’

l

tinem Wasser. Aus seinen Lösungen wi rd es daher ausg efült
m ung der Sal ze dureh die Dialyse oder durch starke Verdünnn
fasser , sow ie durch schwaches Ansäuern rnit Ess igsäure oder E

nu Kohlensäure . Es koagnliert bei 69 spez. Drehung :

Michkeit nnd Fä llbnrkeit wenigstens zwei Körper darin unterscheiden: den leicht
ng iobnlin (bei einem Gehalt von 28 86 Volnmenprozent gesä ttig ter Ammemml

mfnllenci ) und das schwer fi llhere Pse udog lobnl in (bei 36 - 44 Volumenpm

stüg ter Ammonsnifntlßsung au fnileud. P
'

uld n. Sp iro
“
, Doch ist die Ab;

rieshcm beiden Fraktionen keine scharfe Eine noch weitergehende Tram
am biedenen Globuline heben Freund 11. Joach im " sowie Perg“ n. Sp in

“
rm

2. Das Fibring lobnlinkommt reg elmäßig ingeronnenen Ffi3r
mungen nach stattg«fnndener Fibrinbi1dnng vor , daher aueh im

8 entsteht bei der Erbrinbildnng , doch ist nicht näher bekannt, in
leise (vgl . pag . Es ist wie das Fibrinogen füllbar durch S ii
uit NaCl oder durch Sä ttigung mit Ammoninmsnlfat. Es km

ai 64

3 . Ein Nncleop ro te i d, nnch Pckelltar in9
"

vnhrscheintieh identisch
brint

'

errnent. Nur in sehr geringenMengen im Serum vorhanden (irn Pferdeb

Ulfi I.übrrmeiatrr

G l u t e l in dessen Natur noeh zweifelhnfl ist.

B. Die Albnm int
'

rnk t ion enthä lt als e inzigen Bestandteil

Das Sernma lhnrnin. Es ist auch inr ollig snlzfreiernWasser
ird n icht gefäl lt durch Magnesinmsnlfnt, dagegen gefällt dureh S ä
nit Ammoninrnsnlt

'

at (s. Es koagnliert in destilliertem Wasser

ai etwa in snlzhaltigen Lösungen aber erst bei bedeutend 1
emperntnr. Spez. Drehung E-i kry sta llisiert in hexng
risrnenmit einseitig anfsitzender Pyramide ; die K rystalle sind
rechend

,
koagul ieren durch Hitze

Vielleicht ist nach des Semmelhnmin keineinheitli«her Körper . Hallia
neidet nach der Gerinnnngstomperntnr a

.
B
.Y

'S ernrnalbnmin‚ nnd Kmuirr erhie

nktionierte Fü llung rni t Ammoninmsnlt
'

nt Fraktionen mit weit nnneinandsr liegen
nnnngetomperntnren. Rei dsr Krystallisa tion bleibt regelmäßig ein nicht kry stallis
ntsil zurück , der vielleicht ein anderer Körper ist als das kry stnllisierende Serum
Der Eiweißgeimlt des Plasmas s t e ig t fast in allen Fällen von Infek ti o

ih r inog engehnlt ist am stärksten vermehrt unter dem Einflusse der Pneum oe

td S trep tocok keninfek t inn(vgl. png . Das Verhäl tnis von G l ob u l in zu A
er sog . ist bei einzelnenTierarten verschieden, beim Pferd n
1 die Menge des Globulins größer als die des Albnmins, bei anderenBlntarten, eb

.ute des Menschenüberwiegt die Menge des Albnmins tiber die des Globulins (Lam
er Eiweißqnotient soll sieh bei der Infektion zu Gunsten des (110a finden
aidwn die Angaben verschiedener Untersucher in dieser Beziehung voneinander ab
ein n. Mayer

“
, P. Th. Eine Vsrrnshrnng des G lobulins im Verhfiltr

thomin fand S rbm " bei pnronchy rnntöser N ep h r i ti s. Im Hunger nimmt die Me
lebnlins eu Beim Wiederersatz der Binteiv eißkörper nach starken



z i e h uugen überwiegt m ußt“ die Albnminfraktion. spi ter erst erfolgt die Vern
G \0Mfline (Mor awin“

‚ Inagoh

Alimmosenwurden im Blutserum von 8 r a n. Knoop Lw»gstn
'

n
Hordoanü gstanden; diese Angabe wird j edoch vonAbdrrha ldc—n und seinen
bestritten. Nach Abderbaldcn enthält in der Norm das Bintplnsmn keine Stoi
Binrotreektion geben und nicht eiweißartiger Natur sind . Dagegen (nnd Abric
während der Verdauung Am inos ä u r en im B lute in sehr geringer Menge zu
wahrscheinlich ist aber auch im Hunger dns Blut nicht frei vonAminod nren.

Zn den Eiweißkörpern gehören wahrscheinlich , obwohl ihr
sehen Natur nach nicht genen bekannt, gew isse Stoß

‘e
,
welche

k ö rp e r oder Schntm toffe d e s B l u te s bezeichnet werden ; si
zum Teil schon normalerweise in geringer Menge im Binte entha

in größerer Menge treten sie j edoch erst auf
,
wenn d em B lntc

K e rpe r od e r S u b s tan z e n , die schädliche W irkungen auf de
ausüben können , in das B l u t ge l an ge n . Die Antikörper h
schädliche W irkung der fremdartigen Substanzen mehr oder wen
sie stel len eine Schntzeinrichtnng des Körpers der. Stofl

‘

e
,
welche A1

bildung veranlassen . werden als A n t ige n e bezeichnet; es köi
m rseMedenartige Körper se in , geformte Elemente und gelöste Sr
Naeh der Wirkung der Antikörper kann man unterscheiden : B
1y sine , H ä moly sine ,

Cy toly sine ; sie lösen Bakterien , Blnt1e
oder Zellen einer anderen Art anf (vgl . Ag g lnti r
bringen Bakterien , aber aueh rote Blutkörperchen

,
Lenkoeyten

„Verk lebung
“

(z. T. diagnostimh w ichtig, Widalsehe T inneren]
A n t i to x in e ; sie entstehen unter der Einwirkung von

y
ä'ox ine

wechselprodnktenvon Bakterien , aber auchdurch manche tierischen
l iche Gifte), sie machen den Körper gegen einbestimmtes Toxin i r
Prä cip i t ine; sie bilden sich im B lute von Tieren

,
welche mit

körpert
‘

remder Stot7e , z. B. Blut
,
Milch einer anderen Art vor

sind ; sie erregen in dem Stoff, mit welchem das Tier verhebende
N iederschläge . Se l iefert 2 . B. einmit Menschenlflnt behandeltenE
ein Serum

,
wel ches nur in Menschenblnt Niederschläge gibt;

Rindertflnt vorbehandeltes Kan inchen einSerum, welches nur in
Niederschläge gibt

,
usw. Man kann auf d iese Weise Menschen

blnt nntsrscheiden und die Blutart diagnostizieren (forensisch
Abwehrfermente sie treten

auf
,
wenn d em Blnte fremd e gelöfl e Substanzen indas B lut

In der Norm werden m etal vom Verdauungsknnnl aus, als aueh vonden
Organe nur ganz bestimmte Substanzen in das Blut abgegeben, die „blntei

„p la 3 m e e i gnn
“ sind. Die Bestandtei le der Nehrung stammenvon andern '

li e

uns dem Pflnnzm reiche ; sie sind „nrtfr e rnd
“

, dnreh den 1

vorm (Dnm zellen. werden sie erst ihrer fremdenArteigontttmtiehl
(5130. 3 ) und sodannnie „k ö r p e r e i genen‘, ‚ p la sme e i g enes

“ Material den
geführt. Bringt man unt e r Umge b ung d e s Verda uung skannls (p a r ents
1ajekfien unter die Haut oder in das Gefilßsystem solche bludremde Snbetnn
Körper. so treten im Blntplesmn F e rm ent e auf , welche diese Substanzen
vermögen; die fehlende Verdauung erfolgt m ungen pnrenhnrsl. 80 tritt nu
von Rohnneker Invertin im Blute an! nach In
hlntfrmndern Eiweiß (Eierfi weiß. Blutserum einer anderen Art, Seidenpeptm . K

proteoly tische Fermente. Aber auch aus denOrganen des Körpers können unter
Verhältnissen b1ntt

'

remde (wenn noeh a r te igene) 8nhstnnzen in das Blut übe
hier zum Anflroten proteolytiecber c nente a lm ung gehen. Abderloolden

im Blutserum männlicher oder nicht echwnngerer weiblicher Individuen ni

mente vorkommen. die Pineentagewdm abbauen; nach Eintritt einer 8ehwnng
gegen entbßlt das Blut vorn S. Tngo naeh der Befruchtung anwährend der ganz
Schwangerschaft derartige Fermente. Durch den Nachweis von Forma ten irn

L endo i e—B ooe rne nn, Phy siolog ie . l t . Anti .



nicht Placentageweim).
Ha i 1

'

n" fand im 0ehsensernm ein schwaches p rote ol y ti s ch e s Enz y m (vi elle5
en Lenkwy ton summend , vgl. peg .

II. Fe tte . N e u tra l e F e tte kommen in Form mikrosko

x
is

1ster
,
oft nur bei starker Vergrößerung eben sichtbarer oder nur a r

Ultramikroskop nachweisbarer Teil chen vor (Leeuwenlwck, 1673 ; v
‚
IV) . Die Menge w ird sehr verschieden an egeben Engelhardt fm

normalen menschl ichen B lnte O
‚
186% Bönnmg er

g en (Alkoholextrakt). Vermehrt ist der Fettg ehalt
ulicher Fett oder Milchnahrnng bis zur milchigen Trübung des Se rm
13 er 11 . Brä uning

“
,
Lattes“

; M. Bld6treu“ fand bei geanästetenGäns«
Fett im Blut) , andmrseits aber auch im Hungerznstende n

100%erhöht (Fr . N. Auch bei Schwangeren und Wöc
menist der Fettgehalt des Blutes erhöht. (Ü ber Lipämie vgl . pag .

en, L e c i th i n
,

Ch o l e s t e r in
,
als Ö lsäure Pelrnitinsänre 111

'

,
nsänre-Ester 0 außerdem aber auch frei (Hepm r

he“
,
Fraser n. Gardner "

,
Wacker n. Nach Röhmnnn wi

freie Cholesterin durch ein besonderes Ferment
,
die Cholesternse , a

Estern abgespalten . Autm ricth 11 . Funk “ fanden
esterin in normalem Meneehenblnt. Tangl n. Weiser “ w iesen frei
ce r i n im Plasma nach .

Nach Cohnetem n. M1
'

ehaelis " bat denBlut die Eigeneohnt't. in ihm entha ltenenod

lich zngesotztee Chy lnsfett bei Gegenwart von Sauerstoff in einen wasseriöelidu

M 1enKörper nmznm deln Nneb Ham i c l " kommt 1n1 B lut ein Ferm
Dipese), welches Nentrnlfett in Gly cerin und Fettsäure zerlegt. Bei Zunahme den Pc
‚es dee B lutes (vermehrte Fettsafnhr , Hunger) steigt der Gehalt des Blutes nn Li ps
bdrrha hien Aueh Permu te. die Cholesterinfettsänreester spalten, kommen im Bi r

H. Welche Bedeutung diesen Fermenten zukommt , ist noeh nieht kl:
III . K o h l eh y d ra te . T ra u b e n z u ck e r (J . ist stets

1gen Mengen im Blnte vorhanden und zwar n icht 11

’1asn1n
,
sondern auch in den roten Blutkörperchen (vgl . 528 . A. I I I

1 Liefmannn. Stem ‘" ist der normale Gehalt des Blutes
Der Traubenzucker des Blutes stammt aus den Glykogenvorräü

Körpers
,
vor allen Dingen der Leber : die rnit der Nahrung an

mmenenKohlehydrate gelangen nicht sofort in den al lgemeinen K rei
sondern werden inder Form von Glykogen in der Leber aufmvon h ier aus nach Maßgabe des Bednrts wieder als Traubenzno
es Blut abgegeben ; eine

O

sehr fein eingestellte Regulation (vgl. 1 1

dafür
,
daßder Tranbenznekergehelt des Blutes stets innerhalb d

elen Grenzen bleibt. Wird der Gehalt des Blutes an Tranhenznek
rgend eine Weise (2 . B. durch Transfnsion von Tranbenznekerlösn
ne Körpervene

,
durch denc kemtich oder Adrenalininjektion, 1 1

hwohl erhöht (pag . 87
,
Hy perg ly kä rnie), so w ird der übemehüseig

er durch die Nieren ausgeschieden (Glykosurie) und so der nenne
ergehelt des Blutes w ieder hergestellt. Nach Aderlä ssenist der Zneke
lt des B lutes erhöht (Rom 11 . aueh von der Körpe
erster wird er beeinflußt Wacker 11 . Frezmd

Es ist angenommen worden, daßnicht der gesamte Traubenzucker des 8 in
Form im Blnte vorhanden ist, sondern daßsin'

l‘sil desselben en L e ci t h in inFor
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Gesamteiweiß

Wasser

10Cßg Blut (Melanosnrkom) = 321 y Erythroeyten, 6799 Plasma.

Uber den Tweksnrüekstsnd«

. Aachen und Eiweiflgehnlt des Bl utes der
r enen vgl. Uber die chemische Zusammensetzung des Blutes (um
ne) inKrankheiten vgl. Demwfedt n. Rumpf

“

Ti e r b l u t. Vonden u hlreiehen Analy senAbderha ldm ‘" seien hier
tgeteilt :

13 8

4

1 ‚59

M 64



Phosphorsflnre 1 11 Noel.

00146

15

1000g B lutkörperch en en

Wasser

Hlmng lohin

Zucker

Naeh H. J . Hanchurger
'" roten Blntkörperohen Ca l ci o

Takahaski ‘“ fanden in den roten Blntkörperctwn vonHummel. Hund. Sehwe
0. —0025 0. Cn0. Die Angaben. dnßdie rotenBlutkörperchen keinCnlci
sind daran! znrückznflihren. daß beim Waschen mit physioh g ischer Kocher
Cslmnrn aus denselben entfernt wird .

28. Bestimmung der e inzelnenBestandte ile des B
1 . Bestimmung des W a s s e r s und der fe s ten B e s tand te i l e.
Eine gewogene oder gemessene Menge Serum oder defihriniertee Blut 11

Sehi lehen auf dem Wssserbnde eingedampft. einige Tage im Vakuum über 8
dann im '

l
‘
rookensehrenk bei 1 10—120° bis zum konstanten Gewicht getrockn

Stinlzing n. Gumprecld
” wiegen zn klinischen Zwecken in einem

zngedeckten Glnssehhlehen einige Tropfen B lut. dann trocknen sie 6 Star

65°0 und wiegen denRückstand.
2. Bestimm1mg des Gesam teiwe ißes.
Joksc5‘“ bestimmt in l g Bl ut aus einem Sehr6pfk0pf denNßehalt n

und multipliziert die gefundene Zahl mit (vgl. pas. Über eine mil



tthode zur Bestimmung des Q esaret-N und des Extrnkti in geringen Blotne
mg 11.

B. Die B reehnng sk rs tt des Blntsernms hängt inerster hinie vondem vera
we ißg ehslt. resp . dern W a s s e rg e h a l t ah. Die refrnktmnetrische Btntnntt
1t sieh sehon mit gant lengenßlnt ansflihren nnd ist dnher eine
1thode zur Bestimmung des Eiweiß. resp.Wm ergehnltes des Blntsernms. Des Be i

efl zient schwank t beim Gesundenzwischen und Ma

4. Bestimmung des Fasersto i'fes.

Ein abge1nessenes Volum en Blut wird ru it dem Stnbe geschlagen; naeh vtill

1eidnng wird all er Faserstotf anf einem Atlnsfllter gesammelt und mit Wasm g t

dann in einer Schale abermnlig es Waschen mit Wasser. Alkohol undÄther. Dann
1 “WD irn '

l
‘
mekenofsnnnd Wi esn. Kossk r n. Pfeifl

'

rr
‘" bestimmen den

Serum und im Plasma (nach I(icldakl) z die Differenz ist auf denN-Gobait de
beziehen. Die Fibrinrnenge in cm' Ph one enthält 39m9 N —45)

5. Bestimmung des F e t te s (Äth e r ex trnk t).
Durch Extraktion des getrockneten Blutes mit Ather gelingt es nieht. di e

thuengs desselben zu gewinnen. Zur gensnen Bestimmung ist es nötig. da
lzsänre nndPepsin eu verdauen oder des Bl ut mit der 10£11c11snMango 2°
si Stunden lang zu kochen und aus der so gewonnenen Flüssigkeit mit them
extrahieren Fr . N. Schuh:

Naeh genügt es fiir klinische Zwecke. das B lut in dem 10 bi s

1n1nen Alkohole nnfznt’nngen. tiiehtig zn zerreiben.
rinns1s mit Alkohol zu extrahieren: man erhfllt so das Fett bis auf Spuren gen
1 Engelhardt

" gegen di ese Bestimmung Bedenken erhoben.

6. Bestimmung des Tr anhenznek en.

Das Blut muß zunächst enteiweißt worden; hierfür sind znhlreiche Meth
gehenworden. von denen hier die vonHana n. Opp lrr n.

Franb ‘“
anzefiihrt seien (vgl . die Orig inslsrbeiten) . Die eiweißt‘reie F

'

lfissi g
l

sntnsll noch durch Eindampfen bei saurer Benktion konzentri ert werden; die Be 1
'
l‘rnnhenznckers erfiolgt schließ lich durch Polarisation oder Titration.

7. Bestimmung der anorgani sch en S toffe.
Ein gewogenes oder gemessenenQ uantum Blut oder Serum wird im Pintin

eknet nnd dnnn versucht. Die Bestimmung ist eher ungenau. da dabei aus

1nnten Eiweiß und Lecithin Schwefelsäure und Pboephorsi nrs entsteht und rn

vba gelangt

29. Pathologis che Veränderungen der Znsammensetz
des B1ntplasmas und des Gesamtb l utes‚

1 . Ve rm e h r t e r Wa s s e r g e h a l t des Blutes resp. des Blntplnsmas findet

em 1111nflg bei denB lntk rnnkh ei ten. B. denAnämien. bei perniziösn Ani mi e

i ßhlorose. Bei He r z k rank h e i t en nnd Ni e renentzündnng en k ann der

halt des Blutes normal sein. beim Auftreten von Ö d em en wird aber anch
merroicher. Nicht immer geht der Wassergehalt des Blutes und des Blntsernms

1 der perniziösen Anämie s der Wassergehalt des S erums in viel geringen
1 der des Gesamtblntes. ber die Bestimmung des Wsssergeheltes des B]
rch die refrsktometrische Blntnntersnehnng und ihre Resnitnte in Krankhd

Eine übermäß ige Eindickung des Blutes dnrch Wa sse r v e r lnst wird beim ]

ch reichliehen. wi sserigenDurchil llen. nament11ch bei der Cholera. beohnehtet

9 teernrtige. dickflüssige Blut in den Adern stoekt. Aueh reiehfiehe Wssserabga
1 Hunt bei Sehwitzknren. zumal bei gleichzeitigem Mangel anGetränk kannVerw
Wasserged des Blutes. wenn auch nur in mäßigen Graden. hervorrufen.

Ile von hmhgrsdigu Uplmie bei Dinbetes beobachtete B . Fisehn “‘ ä nm Was

Blnte vonnur im Serum von nur

2. Sind die E iwe i ß k ö r p e r des Blutes nimorm v e rm ind e r t. so pflegt

11111 übermäßige! “
'

asserreichtnm des Blutes einzutreten; dem sind aueh die 8

muss vermindert. Eiweißverlnste gehen die direkte Ursache ah : Albnminurie. nu
tetu gen, nmfnng reiehe niissende Hsntfli cben. hochgradig Milehverinste. siwi

1rehfl 11e (Ruhr). Aber such hä ufige nnd nn1hng reiche Blutungen bringen. da da

si ehst vorwiegend durch Wsesernnünhrne in die Gefiße gedeckt wird. im Ania
«rmindernng der Eiweißkörper des Blutes hervor.
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30. Die Gase des Blutes. Physikalische Vorbemerk

Die “enge eines Gases kann gemessen werden und: dem V o l u m en (ia
metern) ode: ° nach dem G ew ich t (in B rummen). Das Volumen. welches eine
Gu mmgc einnimmt. hängt ab von dem D r u c k und der Temp e r a tu r. Nnelu
Mcn

'

o"mchen Gesetz 131 das Volumen eines Gases umgekehrt proportional dem
dem 2fachen. 3fachen nüehen Druck betri gt das Volumen 11190 ‘

I„
‘I,

Nnoh dem Ony
-L11u m schen Gesetze nimmt das Vol umen eines Gases bei El'f

Temm um 1° zu um des Volumens bei eine Gunmenge . welehe

Volumen 273 m ' hat. hat elne bei 1° das Volumen 274. und bei 10° dns Volnmc

Im folgendenwird die Menge eines Gases state nach dem Volumen bei 0° 11

Druck angesehen werden.

Wird eine Flüssigkei t mit einem Gase inBerührung gebracht. so nimmt
t eit einen Tei l des Gase»in sich auf. Dabei kann das Gas in zweifacher. etren

mhfldender Wei se in der Flüssigkeit enthalten sein. nämlich e infach p h y s i k
serb i er t oder ch em i sch geb und en. Enthält die Flüneigkei t keine Snbm
mi t dem Gene chemische Verbindungeneing ehen. so findet einfache physiknlimhe
statt ; sind dagegen solche Substanzen vorhanden. so erfolgt 11a der phy sika
sorption des Gases inder Flüssigkeit auch noch die chemische Bindung des 6
dazu befi hig £en Substanzen.

W ird eine Flüssigkeit (die keine das Gas chemisch bindenden Substanz
mit einem Gase gu l ttigt. 110 ist die absorbierte Gmmenge direkt proportiona l den
der F l ü s s ig k e i t und dem Dr u c k des Ga ses. Ale Absorp t i onskoeff

zeichnet man eine Zahl. welche angibt. wieviel Knükzenfimetar 01111 1 001' Flfls
nimmt. wenndi ese bei 760mm Druck mit dem Gase geeiüigt wird . Der Atmorptim
nimmt mit steigender Tem p e ra t u r bei den verschiedenenGasen in eigenartige
er mußfür die verschiedenenTemperaturen empirisch bestimmt werden. Der 1

koeflh ient fiir die Absorption in deefillier1em Wasser bei 40°C beträgt 611
Kohlenni nre (BMW). Sfieksßdf (Bahr 0. Bad

die v i enerige Flüssigkei t feste Stofle gelöst. so wi rd dadurch der Abeorptim
berahgeseüt ; diese Erniuirigung be1r‘gt ftir Blutplnemn aber nur 1108 Wer!

Steht eine Fliissigkeit mit einem G a ssem i eeh in Berührung. so absorb
einzelnen Gase des Gemisches entsprechend ihrem Pa r ti a rdruck. Gase üben a

gar keinen Druck aus. In einem Gu semiach kommt daher vondem Geeamfidmc

auf jedes einzelne Gas soviel (Partindm ok des einzelnenGum ). 1 18 dem Volnm

enb pricbt. Enthält also z. B . Luft von Ahnezphi rendruck 21 Volumenproa

stoff und 79 Volumenpmzent Stich tofl . 90 beträgt der Partiardruck des

21

133
60

mm und der des 86cks£ofl‘
os
7g

l(if
o

6IX).4mm. Ist die Luft 1

so ist vom Gesamtdruck zuerst der Druck des in der Lnfl enthaltenen Wasser
Abzug zu bringen.

Absorhierte Gase entwe ich en aus der Flüssig keit : 1. Im Ve kuum.



1r mi t einem u derm Gase h ßM Mung . m ist der Pnrfinrdruek fiir das 111)

18 natürlich wiederum g ieich O. 3 . B e im E r h i tz en d e r F l ü s s ig k e i t b
.edep unk tm Der Absorptionekoemzient nimmt mit steigender Temperatur ah 11

im Sieden der Flüssigkeit gleich 0.
82t die F1M gkeit 8uhahnzen. welche das Gas ch em i sch zu binden Vi

wird natürlich außer derjenigen Gasmenge. welche von der Flüssigkeit physih
thiert wird . noch so viel mehr vondan Gase aufgenommen. als die in der FH
»rhnndenen Suhetzanzeu chemisch binden können. Die chemische Verbindung zwint

der Flüssigkei t enthaltenenSubstanzen und dem Gase kann nun sein eutv o<

s i e oder eine di ssozi a ble. Eine feste Verbindung ist unab h äng ig vom Dr!
M daher im Vakuum nicht zerlegt. sondernkannnur dureh chemische Mi ttel gelöst
1 Gegensatz dazu bezeichnet man als di ssozinble Verbindungen solche ehemim
ndangen einer 8 111mtanz mi t einem 011110. die abhängig sind vom Druck und d
1kunm zerffl leu. Bei einem bestimmten Druck verbindet sich alle vorhandene
ii dem betreflenden Ges. sinkt der Druck. so bleibt nur noch ein Bruchtei l der
chemi11cher Bindung mit dem Gem . ein anderer Tei l ist um rhundem. bei

uken des Druckes wi rd der Bruchteil der Substanz. der noch Gas gebunden hat.
einer und beim Drucke 0 ist nur noch unverlmndene Substanz vorhanden.

B e i s p i e l : Lei tet man durch eine wi sserige Natronlauge CO‚
—haltige Luft .

e Koblensänre vonder Flüssigkeit aufgenommen. und zwar wird 1. einTeil d er
ure p h v si knl i seh a b s or b i e r t vom Wasser proportional dem Abeorptionsknef

i der herrschendenTemperatur. der Menge des Wassers und dem Partiardmek dcr

ure ; 2. ein anderer Tei l der Kohlensäure wird ch em i s ch ge b und en. nämlich
abuuden 1118 Natriumw bonat ; nach der Formel
Moleküle NaOH 1 Molekü l CO„ diese Bindung ist ganz unabhängig vom Druck ; 5
abe ] gebundenals Neb iumhimrbonnt; nach der Formel Nu, 00‚ +CO‚ 2 1;

me Verbindung ist abhängig vom Druck. Nach Bohr ‘ waren in einer
»nNatriumcnrbonnt bei 37° beim Durehlefleu von 00

,
als Bimrbonnt vorhandet

11 einer 00 Spannung von 12.53 mm. nur noch 83%bei bei m

1 mm.

Di e p h y s io l og i s ch wich t igen G as e d e s B l u te s (O und e i n
°üßtenTe i l im B l u te ch em i s ch ge b und en v or h and en. und z wa r i
ssozi a b ler V e r b ind ungen.

3 1. Gewinnung undUntersuchung der Blutgase.

Di e A u s tr e i b ung d e r G a s e aus dem B lnte und di e Aufsamm ln

1em i sch enAunly se geneüeht vermittelst der Rflüg rm chen Q u eeks i i iw r—L u f

Der B lutrezi p i ent (A ). eine 250 bis fassende G l a s k uge l. v e ri
eu und unten inRohre. welche dumh Bühne 0 und b verschlossenwerdenkönnen.

ein gewöhnlicher Sperrimhn. der Hahn 11 jedoch hat eine durch die Läng sad
ufende. bei 1 3 nuemfindende Durcbbohrung der Art. daßdiese je nach der Stell
ader in denRezipienten fiihrt (Stell ung a m) oder nach abwärts durch das untl

:tet (Stell ung 2 ‘ Dieser Rezipient wird zuerst (mittelst der Quecksilberluftpump
.i

’

tle er gemacht und nun gewogen. Hierauf bindet mandas Ende ineine A rte
me eines Tieres und läßt nun bei der Stellung des unterenHubnes 1 0 Blut in
pieuten einströmen. Ist die nötige Menge hineingeiaseen. so gibt man dem untere
‚oder die Stellung ;r‘

(säubert äußerlich a lles sorgßltig ) uud wä.gt nun denRezi
u die Gewichtsmenge des eingelasseuen B lutes zu bestimmen. Der zwei te
operates ist das S cha um g e i

'

iiß(B ), ebenfalls oben und unten inRöhren aus

3 mit 8perrhähnen c und 11 verschlossen werden können; es dient zum Auff11n
111 111 die stürmische Gm eutwicklung aus dem Blnte sich bi ldendenSchaums. Durch
sht das 8ehnumget

‘

äßnach unten mi t dem Rezipienten inVerbinduug. nach oben
Trock enap pnrnt (G) . Dieser ist eine U—förmige Röhre. unten mit einem 011

itzterer ist halb mit S chwe fe l s ä u r e gefüllt , in den Schenkeln liegen Bimsetei
it Schwefelsäure getränkt. Die Blutgase geben hier alle mitgeführten W a s s e r
1 die Schwefelsäure ab. so daß sie völlig trocken dureh Huhnf weitergeführt
‚uueu. Es folgt das kurze Rohr D mit der kleinen B a rom'

eter p rohe an weh:
11 Grad der Luftleere ablesen kann. Von D gelangen wir zur eigentlichen
1r r i cb tung . Diese besteht aus zwei großen. obenund unteninofl

'

eue Röhrenaueh

askugeln. deren untere Röhren Z und 10 durch einen Gummiseblaueh G verband
1ide Kugeln und der Schlauch sind mit Quecksi lber bis zur halben Höhe der Km
.fli llt. Die Kugel E ist befestigt. die Kugel F kann durch eine Windm rriehtuu
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ug t die Gase in J tiber Q uecksilber. Wiederholh Senkung und Hebung vonF mi
* Hahnstellung bringt schli eß lich alle 01180 in J . Die Entgasung des 8 111
sentiieh befördert durch Einsenken des Rezipienten A in einen Kessel mi t 60“
.sser

Über ein einfaches V e r fa h r en ohne B lu t g s 1
1 811t des Blutes quantita tiv zu best immen. vgl . Haldmw ‘

,
F .

Mayow (1670) sah zuerst Gase aus dem Blnte im Vakuum hervon
icetley wies in di esen 0. sowie Dany 00

,
nach . Magnus (1837) unterm

mentimbe Zusammenseh ung der Blutgase. Die wichtigen neueren Untersuc
seutlich von L0£Im r Meyer der C. Lmiwiyachen und der Ifflüg rrnch e
1gefi

‘

1hrt worden.

Quantitative Bestimmung der B lutgase. Die Blutgase bestehen 11113 0. DC

Die ausgepumpten Blutgase befinden sich in dem Eudi ome ter»ßob re (Fin
em genau kalibrierten 0lasrohre. in dessen oberer geschlossener Kuppe 2 Pkt
11 ) eingeschmolzen sind . Das Eudiometer ist unten durch Hg 1111308m
1 . Bestimmung der CO, . Man bringt von unten durch des Queeksibe

sgemeng e hinein eine. an einen Platindraht m ossene Ätzk a l i kug e l. die nu d

abe befeuchtet ist. Die 00, verbindet sich mit dem Ätzkali zu K a l i um eur bon

gerem Verwei len wird die Kugel auf demselben Wege wieder herausgesogen.

aderung des Volumens der Gase zeigt das Volumen der weggeu0mmenen00, n.

2. Bestimmung des 0.

a ) Ähnlich wie zur Bestimmung der 00, fii hrt man mittelst eines Platindra l
osp ho r k ug e l. welche den0 unter Bi ldung vonP h os p h or s ä u r e aufnimmt.
ekw o Keks oder Pap ia meebökugel. getränkt mit einer Lös ung von Py r og u l l

K a li lang e. welche 0 begierig an sich reißt. in die Eudiometerröhre. Nach Ex
Kugel zeigt aueh hier die Voluweuverminderung der Gene die Menge des 0 a.

b) Am genenesteu und schnellstenwird der 0 durch Verp ut
‘

fen im Eud i

rtimmt. Man führt in die Eudi om ete r röh r e reichlich H ein. dessen Volum
rtimmt wird. Hi erauf läßt man einen elektri schenFunken zwischendenDramen
:cb die Röhre schlagen; 0 und 11 verbinden sich zu Wasser . Hierdurch ents
lumm verkleiuerung im Eudiometer. von welcher der dritte Teil auf den z u r
111113 (11, O) verbrauchten0 entfä llt.

8 . Bestimmung des N. Sind naeh den obigenMethoden 00
,
und 0

shehMter entfernt. so ist der Re s t N.

32. Sanerstofl
‘

im Blnte.

S au e r s to ff ist im ar te r i e l l e n (Hunde Blnte im Mi th
20Volumeuprozeut vorhanden (in12 Versuchen fand Pflüger "
Volumeuprozent). Durch sehr ausgiebige künstliche Respira t

ereu (in der Apnoe) oder auch durch starkes Schüttelu von B

li
‘

t kanndas Blut vollständig mit Sauerstofl
'

gesättigt werden ; da
alle Blut ist inder Regel nicht völlig

,
aber doch beinahe mit S e

sä ttigt Im v e n ö s e n Blnte sind im Mittel 8 Volumen
1u iger als im arterielleu . al so rund 12 Volumenprozent Sauerst4
.lten

,
doch wechselt die Menge des 0 sehr nach denGeweben u

nislaufsverhä ltnßseu ; in dem Blnte ruhender Muskeln 11
'

eud S cz

Volumenprozent; im Emtickungsblute sind um' noch Spuren voth
dem stärker geröteten Blnte tätiger Drüsen (Speicheldrüseu. Nier
1111 des erhöhten Sauerstofl"

verbreuches der Organe infolge der Verm
s Blutzuflusses (Vasodilatatiou) noch mehr Sauerstofl

' vorhanden ,
wöhulichen dunkleren Veneublute.

Der 0 kommt im Blute vor
a) Ph y s ik a l i s c h a b s o r b i e r t

,
und zwar vom Pl a sma : 11

iuimaler Teil des gesamten Sauerstofl‘

es. Wasser n immt aus
t . . ß. n : \ f J _ J n . . L



Sauerstofl im Blnte.

enthä lt
.
weiche Abß9fptieu herabsetzen , würde der Maxima

den physikalisch absofb1ßfl en Sauerstoff noch unter Volum
liegen. Die Menge des absorbierten Snuerstofi

'

es ist natürlich pn
dem Druck .

b) Ch em i s ch geb u n d e n ist fa s t s äm tl i ch e r 0 de

an des H1) der Ery thmcyte11 1

kann 1 9 Hi) 1,34 13m 8 Sauerstoff bin
einem Hb-Gehalt von würde das einem Sauerstoti

‘

gehalt d

von 14 . Volumenprozent entsprechen .

Die Verbindung des Sauerstofl‘

es mit dem Hämoglobin ist
s o z iab l e Verbindung (vgl . peg . al so abhängig vom Druck : in
zerfällt sie und gibt allen Sauerstofl ab. Die vom Eh gebundm
stofl

'

menge steigt aber n icht proportional dem Druck (wie bei

lischer Absorption) und erreicht schon bei der Spannung der 8 11
in der atmosphärischen Luft fast das Maximum . Die folgend
(nach Häfner " ) gibt an

,
w ieviel Prozente des 110 des Blutes

schiedeuem Partiardruck des 0 als gasfreies Hämoglobin resp . (

globin vorhanden sind (bei Hb. Gehalt und

etwas anderenWerten kam Loewy
"
; er fand fiir die Sättigung des B

(die uns atm011pbiiriseber Luft aufgenommene gesetzt) bei ve.

Partiardruek des Sauersto die folgenden Zahlen:

Danach wiirde bei niederen Werten des Sauerstofl'partiardruckes ein.

stärkere Dissoziation des -1111 stattfinden als naeh den Hüfnnseben Angaben.

betont Loewy das Vorhandensein ind i v i d u e l l e r Unt e r s ch i e d e in der D
spannung des 0

‚
—Hb dee Menschenblutes.

Bei dem Sauerstoi
'

i
'

gehalt der atmosphä rischen Luft und 1

Barometerstaudw ird also schon fast alles H1) iu 0.-Hb umgewand

Atmen in reinem Sauerstotf kann daher nur wenig mehr 0 vom

genommen werden als beim Atmen iu gewöhnlicher Luft. A1

zeigt die Tabelle , daßerst bei sehr stark ern iedrigtem Partierfi



Sauerstofi und Kohlensäure im Bl ute .

euerstofles ein erheblicher Tei l des Hb keinen 0 mehr bindet.
t un es si ch. daßTiere , die ineinem abgesperrten k leinen Raum
as demselben bis zur Erstickung fast allen 0 bis auf Spuren
lut aufnehmen , daßauch inverdünnter Luft (hohe Balloufahrteu, Au
11 hohen B der notwendige Sauerstoti

‘

aufgenommen we rde
rst bei sehr hen Aufstiegen

‚
bei denen infolge des stark erni

erometers1endes und Pertiardrueks des Sauerstoti
‘

es die Dissozial
-Hb stärker wird

,
mußdie Sauerstofl

'

versorgung des Körpers No
'

gl. 92 n.

Im Körper gelangt das Blut aus denLungen. wo ein ziemlic

artierdruek des Sauerstofi
‘

ee herrscht (annähernd derselbe wie i

)hiirischer Luft) , mit dem Blutkreislauf in die Capillaren der

ewebe , wo der Pnrtiardruek des Sauerstofl
’

es (der fortgesetzt
xydatiouen verbraucht w ird) sehr niedrig. resp . 0 ist ; hier 11

31
° Sauerstofl

'

aus seiner Bindung andas Hb frei werden und k:
1 die Gewebe abgegeben werden (vgl. gel ‚

innere Atmung) .
Schon unmittel nach der Entleerung des Blutes findet in ihm ein

-Z e h r ung statt. Nach längerem Verwei len außerhalb des Krcislaufes und be

imperatur kann sogar der 0 ganz aus dem Blnte schwinden. Der Sauerstofi’

vefl

sonders hoch bei j ung en Erythrocy ten. sowie bei den kernhultigeu Eryflu o

igel (Morawitz“
. Die B lutp ll tteheu haben an der 0«Zehrung

nders starken Anteil : ungm unen erhal tenes Blut (z. B . durch Hi rudinzusatz)
el stärkere O»Zehrung als defibrinieries

Wegen der vielfachen energischen Oxydationen
,
welche im 1

orper vor sich gehen , ist die Frage aufgewofl
'

eu worden
,
oh nic

er 0 des Blutes in Form des 0zous (O, ) vorhanden wäre . A llah
1 Blnte selbst. noch auch in den aus demselben evakuiefl en G

zen enthalten .

Das Blut gibt gewisse Reaktionen. welche auf des Vorhandensein 011y di

arm ente (Oxy dnsen vgl. 8 . 19) schließen lassen. Mischt men Blut (oder
1111813d . z. B. bluthultigenBern) mit Gunj ac t iu ktur undWasserstofl‘superm
der verhm tem

'

l
‘
erpentinöl. welches stets Sauerstoff inForm eines organisch en

um», so tritt B lau för bung ein. (Die in der Guajuctinktur enthaltene (3 q
rd dabei exydiert zu einer blau geiä rbhnVerb indung). Blut allein bli nt die Gun
:bt ; es enthält daher keine direktenOxy dnsen [oder nur in geringen Meng
mkoeyten Ei ter bläut Gusjnctinktur ohne wei teres]. Dagegen blä ut Bl
1ktur bei Gegenwart von (oder altem Terpentinöl . s. diese W irkung
abt auf ein F e rm ont (Peroxydase) zu beziehen. da sie durch K och en ni c h
rd. wahrscheinlich spielt dabei der E i s enge h a l t eine Rolle Czyhlam u . v .

ndlieh vermag Blut Wasserstofisupu oxyd zu zerlegen. es enthält eine K a tnla se.
1liert werden kann und dannnur die Wirkung der Katalnseu zeigt . nicht etw

retten Oxydasen oder Peroxydasen Ebenso ist die Blä uung von Gun
d s erstoflsuperexyd durch Blut von dem Vorhandensein der Katalnse d urch
agig (Liebem ann" . La ser

"
. Esteb es kommt in all en bi sher um

mischen und fest allen pflanzlichen Geweben vor (Ra ttrll1
'

u. Si e

ypsin verdant, was für ihre Eiweißnatur spricht Wam l ig u.

33 . Kohlensäure und Stickstotf im Blute .

II . K oh l e n s ä u r e findet sich im v e n ö s e n Blnte durchen
md zu 50Volumenprozent (Bahr u. Henrique:s

" fanden beim H
e i Versuchen im Blute des rechten Herzens Volumen
1011 ist der CO‚

-Gehalt des venösen Blutes je nach dem Orte
ntnahme unddenKreislaufsverhältnissensehr schwankend

‚
im Breti
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Die Blutmenge des Erwachsenen beträgt des Körperge

(nach Haldane n. Smith [siehe unten] nur
eug eboreneu

Naeh Schflck1
'

ng
‘° soll j edoch der Blutgehalt des s ofor t sbg ennb e l ten

der des sp ä t e r abg enah e lteu sogar : dee Körpergewichtae bem gom

Zur Be s timmu n g der Blutmenge dient :
1. Me t h od e v on e cke1” (vgl. Fr . 111111 fing t aus eine r 3

1rotis mit eingebundener Kanüle das Blut in einer gemessenenMenge einer Löi
mmoniumoxalat auf. um die Gerinnung zu verhüten. Schon währ end des Eutb ln
eu in eine Veue entsprechende Mengen einer warmen Kochsalzlösung na
11 Herz und Atmntütigkeit möglichst h uge zu erhalten. eventuell wird künstlich e
ugeleitet. Steht das Herz still . so bindet man in die beiden Enden der durchsc
1rotis eine -förmige Kanüle ein und lflßt eine Kocbsalnlösnug unt

met von etwa i m Wasser einfließen. während man aus den durchschnith ne

gulares und der 01111 1 inferior diese S pül t
'

lflss ig k e i t so lange sammelt. bis si:

er abläuft. llieraut
'

wird der gesamte Körper z e r h a ck t und (mi t A usnahm e
ngonou Magen und Dsrminhahes . dessen Gewicht msn vom Körpergewicht nbz
asser ausgelaugt und nach 24Stunden ausgepreß t. Dieses Wasser und die Koeln
issigkeit werdenverm ischt und gemessen. Manbestimmt schli eß lich nach einer d er
ugegebenenMethoden in dem Blut und denExtrakten denHäm0310bingehslt und 1

mscb die gesamte Blutmenge .
Man fand das Gew icht des Blutes von Mäusen 1/

leerscbweiuchen von Kan inchen
von Hunden VO“ Katzen '/r 1 .lh

ögeln vonFröscheu von Pisa
des Korpergewiehtes (ohne Magen und Darmiuheh).

2. Beim lebendenTiere ließen Grünen! 11. 011 1
'

11qu011d
" eine gemessene l ‘

ustmen. entzogen dann ein Blutqnnntum und bestimmten darin den OO—Gehnit .

gibt sich leicht die Blutmenge. Nsch demselben Prinzip bestimmten Ha ldane 11.
e Blntmenge des Menschen; sie fanden di eselbe = des Körpergewiebtes. l

ystimmte naeh derselben Methode die Blutmenge des Ksnincbens (in Kubikze

mogen auf das Bm ttogswicbt) zu beim minnlicbenTier. beim wei el

Uber Versuche der Bestimmung der B lutmenge nach anderenMethoden vgl.

$ürer“. Abderha lden 11. Schmid“
.

Im Hung erzustsnde n immt die Blutmenge ab
,
doch stimn

ntersucher n icht darin überein
,
ob diese Abnahme proportionz

rpergewicht erfolgt oder n icht. Fette Indiv iduen sind relativ blu
isch Blutverlusteu ersetzt sich leichter die Menge durch Wesse

llmählich regenerieren sich die Blutkörperchen (vgl .
3 . Die Be s timmu n g d e r B l u tme n ge e in z e l n e r O r g a n e

3hieht nach plötzl icher Abschnürung ihrer Adern intra vitam . Ms

os dem zerkleineflen Organ das Blut aus und bestimmt den B lu
uroh Vergleichung mit einer zu verdünnenden Blutprobe (Bank:
Die Bestimmung nach dem Tode im gefrorenen Zustande ist zu verw

J . Hanke " bestimmte so am lebenden ruhenden Kan inchen (1

ei lung d e s B l u te s ; es fand sich von der gesamten Blutmasse
a) inden rubenden Muskeln. b) in der Leber, in den

1ufsorganen(Herz und große Aderstämme), d) inallen übrigen
usemmeu (in den L u n ge n sind des Gesamtblutes. Menüs

Den hervorragendfl eu Einflußauf den Blutgehalt der Organ e
'

ä t i g kei t d e r s e l be n ; hier gilt der alte Satz „abi irritatio, ibi afl
'n i o n 1n‘n ‘: nrn m a in k o ‘fl n l l a nn An n M o m n n



35. Pathologische Vermehrung oder Verminderung
der Blutmenge.

1 . Eine Ve rm e h r ung d e r g e s am t enB l u tm enge wird als P l e t h ora be
Es ist zwei felhaft. oh eine Pieflwra iiberhaupt vorkommt ; doch kanndie Mögüni
besonders kräftige Indi viduen bei überreieblieher Ernä hrung nieht bezweifelt werds

Klinstlieb kann Pleflmra d u rch E insp r i t z ung v on B l u t derselbenArt
gerufen werden. Wird die normale Blutmenge bis zu vermehrt. so tritt noeh
uormer Zustand ein. nam entlich wird der B lutdruck nicht dauernd erhöht. Es ni
Blut vornehm lich in den s e h r g e d e hnt en 011m Platz. die hierbei über ihre
Elastizität hinaus gedehnt werden(Wo -Müllcr Eine Vermehrung der Blutmeng
bis zu M hrdet unter beträchtlichen Blutdruckschwankungen direkt da

Von dem eingespritzten Blnte nimmt schnell die Lympbbildung
wird das Serum schon in 1—2 '

I‘ugen verarbeitet. das Wasser vorwiegend dureh d

ausgeschieden. das Eiweiß °zum Tei l in Harnstofl umgesetazt (Landois ). Daher ersci
clim Zeit des Blut rela tiv reich er 1111 roten Blutkörperchen (P1 mmn Lem r

‘fl

Die roten Blutkörperchen seriellen viel Imm er. und das von ihnen
Material wird tei ls zu Harnstoff. tei ls zu Gsllenfnrbstofl (nicht komünt) verarbeitet
bin kann jedoch noch bis zu 1 Monat ein Überschuß an erha ltenen roten B lutkö
beobachtet werden Daß in der '1‘nt die Blutkörperchen l angs am
wechsel zerfallen. gebt dnraus hervor. daßdie Hurnstofl1rildung größer ist. wenn
die gleiche Menge Blut frißt. sie wennihm die g ieiche Menge trsnsfundiert wird (Tec.
Forster Londois). In letzterem Falle 11l 1t oft tagelang eine mlflige Steigerung
stofl

‘

es an als Zeieben eines 1angssmenZerinlles der rotenBlutkörperchen (Worum
'

Lamhn
'

s ).
2. Ve rm ind e r ung d e r B l u tma s s e im gm en (01i g a em i a v e r a) t

j edem direktemB l u t v e r l u s te auf. NeugeborenenkannschoneinB lutverlust voneinig
zentimetern. einj £brigenKinderneinsolcher von250m '

. Erwachsenender Verlust d.

B lutmenge lebensgeßbrlieb werden. Frauen überstehen leichter selbst erhebliche Blu
als Männer ; bei ihnen scheint schonwegen der periodischenErseh ung des verloren.
inj eder Menstruationdie Blutneuhildung leichter und schneller zu erfolgen. Fette
ferner Graise nnd Schwäch11uge sind gegen Blu1veriuste weniger widerstandsi
s chne l l e r die Blutung erfolgt. desto g efi hr l i cber ist sie. Allg emeine Bli sse u
der Hsutdeeken. flugstigende Beklommonhoih Erseblafl

‘
ung . Flimmern vor denAuge1

sauseu und Schwindel. Erlösch en der Stimme und Ohnmsobtsnnwnndlungeu pflegen
B l u tv e r l u s t e zu begleiten. Atemnot „und schneller ntmend bsuebt er mit p i
S trom das Leben aus

“
(Sophokles' Antigene ) Stoeken der Drüsenzekrstionen.

wußtlosigkedt. sodann Erweiterung der Papi llon. unwiilkürlioher Harn. und Koh h;
schli eßlich allgemeine Kouvulsioneu sind die sicherenVorzeichen des Ve r hü tung
Bis zu der normt len 13l kannTieren entzogen werden. ohne daßder 1
in den Arterien dauernd sinkt . wei l diese durch Contractiou sich dem kleine1
volumen anpassen (infolge der auämisoheu Reizung des vnsomotnrischeu Centrum
dn11n oblongstu). Blutverlust bis der Blutmenge setzt den Blutdruck erheblic
Hunde erholen sich noch Entleerung von der Blutmenge ; wurde entnommen.
die eine Hälfte der Ti ere. die andere erholte sich ebena s spontan (Maydl

“
‚ Fe1

'

Führt die Blutung nicht zum Tode. so erfolgt sehr bald ein Übertritt von
flüssigkeit in dns Blut. Der Eiwdßgebalt des Blutes ist zunächst vermindert. dub

das Albumin weniger ab als das Globulin. Naeh 1—2 Tagen jedoch nimmt das
zu. während das Albumin weiter abnimmt. infolge der Globulinzunahme steigt scbc
erstenTagen der Eiweißgebslt auf seinen ursprünglichenWert und höher. Die Reg
der roten Blutkörperchen beginnt schon sehr bald nach dem Blutveflnst (dzbc
k e rnba lt i g e Blutkörperchen in der Bluttmim beobachtet ; Koeppe“

.

schon am 2. Tage an der zunehmenden Zahl zu erkennen. Volls tändige Begenern
bei Bluh erlusten. die eine nußngliebe Ahnsbme der Blutkörperchenznhl um 30
Folge bztteu. in 16—20Tagen erreicht ; wiederholte Aderlilsse sebeinsn die Houbi
beschleunigen (Aderlflsse bei Chlorose. Animie i). Die neuen Blutkörperch en haben

L ondo i r ll osu u s un. Phy siolog ie . 14. Aufl.
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Die Wandung des Herzens setzt sich (wie die der großen Q ef
5 drei Schichten zusammen . von denen die mittlere bei vw

irksteu en twickelt ist : dem Endoka rdiunr
,

yok ardiurn und Ep ika rdiurn.

Das Endoj a rdi um ist eine bindegewohige Hunt,
foine oh st i sche F a s e rn (ia den Vorhöfen stärker
in dem Knmrnern entwi ckelt, selbst gofenstertc Mem
men bildend ) und g i u ki s Mu s k e l fa s e rn enthält. Der
nböhle zugewnndt liegt ein sim hichtiges End ot h e l
ygonaler. phüer, kernhslfiger Zellen.

Das My ok a r d i um besteht aus einem Netz q u e r
stre i fte r Mu s k e l fa s e rn‚ die sich aber von den quer
rtm iflenMuskelfasern der Skelettmnskeln durch die folo

lden Eign tümliehksiten unterscheiden. Die Herzmuskel
em haben k e in S a r ko le rum a . Der K e rn ist cent ra l
egen‚ nicht ander Peripherie, wie bei den8keleünnuskeln.

einzelnenMuskelfasern des Herzens stehen durch Aus
!er in ne t za r t i ge r V e r b ind ung untereinander ; sie

len ein zusammmhingondes „S y ncy t i u rn
“

. (Die Boden
\8 der sogenannten , Querlinien“ der Hm mnskeliasern, die

her als Zell.grenzonaufgefaßt wurden, ist noch zweifelhaft. )
Das Bp i k a rdi u rn ist dns viscerale B latt des P e r i
r d s (He r sbeutels), es ist eine bindegewebige, mit feinen
sänchenFaserndurcbseute Haut. die auf der freienFläche
einfaches Lager unregelrnäßip p0lygonxder, nlath r Endo
lien trägt.

Die Hauptmame der Muskulatur des Herzens
mt der m e ch an i s ch e n L e i s tu n g des Herzens :
r Fortbewegung des Blutes . Diese Muskelfiwern
ldanden Vorhöfen und denKammern nach Art
les Hoh l m u sk e l s angeordnet, so daßbei der
»ntraction der Innenraum verkleinert, resp . auf

n Inhalt einDruck ausg eübt wird . Im einzelnen
die Anordnung der Muskelfsmrn al lerdings
hr verwickelt. da die verschiedenen Züge v iel
eh miteinander verbunden sind und aus ihrer
sprtlnglichen Richtung in andere Richtungen (

“

fm
ergehen . Daneben existiert aber im Herzen tom u m am da

eh einbesonderes
,
inseiner Bedeutung erst in

.uerer Zeit erkanntes s p e z i fi s c h e s M u s k e l
Hohlr aum o, 6 Go!

s te rn
,
das der Re i z e r z e u g u n g u n d Re i z ä

ro

h

l

l

olnufn im ßq
‘

s

‘
r

z
i e

i tu n g 45) dient. es w ird als Reizlei tung s
s tem bezeichnet. Die Muskelfnsu n dieses
mterns sind durch ihr hist010g isches Verhalten

Scham. da K ae



U te Muskulatur des Hm m

äußeren Fasern lassen S ich von den einmtindenden\
‘

enenstämmen
die vordere und hintere Wand hin verfolgen . Die inneren F8 !
besonders dort reichlich hervortretend‚

wo sie sich senkrecht an d
ringe ansetzen

,
doch sind sie namentl ich in der vorderen Wand

höfe an einzelnen Stellen nicht kontinuierl ich angeordnet
An dem S e p t um der Verbüße ist besonders der r ingfö rm i ge Mas

hervntretend. welcher die Fossn ov a l i s (die frühere embryonale Öfi ung de
ma le ) umg i b t. An den E inmündung sste llun d e r V enen duden sieb
a flgo : nun wenigsten ausgep rägt an der Vous save inferior, stark und bis
aufwärts reichend an der Vena cnvn superior. An denEinmündungw der vier L!
erstrecken sich bei einigen Si ngen quergestreilte Mm ksünsern auf die Lung envc
den Billig der Lungen mit innerenRing und äußerenIAngnfasern. bei anderen
sogar bis in die Lungen hinein. Auch an der F.inrnflndnngsstolle der Vena u m

und in der sie schließenden Va lv ulu Thebesi i finden sich kinskelfm rn, zum:

Im Perirnysiurn der Vorkennmru finden sich viele elastische Fasern.
2. DieMuskulaturderKammern. Mantrifl’

t unter dem Per
zuerst eine ä u ß e r e l o n g i tu d in a l e Schicht

.
welche am rechten

nur einzelne Bündel
,
am l inken j edoch eine zusammenhängende ]

faßt von etwa der Gesamtdicke der Wandung. Eine z w e ite
l o n g i tu d i n a l e r Fasern l iegt auf d e r I n n e n fl ä che der Kamn
sie namentl ich an den Ostien. sow ie innerhalb der senkrecht aufs!
l’apillnrrnuskeln deutl ich sind, während sie an den anderen Stell
die unregelmäßig verlaufenden Züge der Trabeculae cameae OTSCtZA

Z w is ch e n d ie s e n b e id e n Lä ng ssch iehtm l iegt die mächtig
Schicht der t ra n s v e r s a l ge o rd n e te n Züge, welche ineinzelne
ringf‘örmige Bündel zerlegbar ist. In der linken Kammer läßt s
Schicht in Gestalt eines geschlossenen Muskelringes berausech!

besteht tei lweise aus Fasern
,
die überhaupt n icht sehnig enden

,

stets muskulös bleibend ringförmig in sich zurück verlaufen (Krei

drei Schichten sind j edoch n ic h t v ö l l ig s e l b s t än d ig und vor

abgeschlossen
,
v ielmehr vermitteln s ch rä g verlaufende Fuserzüge

mählichenÜbe rgang zwischen den transverw lenBlättern und dm
und ä ußeren longitudinalen Zügen .

An der Spitze des l inken Ventrikels biegen äußere längsve
Fasern

,
indem sie in den sogenannten W i rb e l zusammentreten

Innere der Muskelsubstanz ein und aufwärts undgelangen indie
muskeln ; doch sind keineswegs sämtl iche in die Papillarrnusla

steigende Züge von diesen vertikalen Muskelbüudelnder äußeren O
abzuleiten ; v iele entstehen aus der Ventrikelwand selbständi

Albrecht’ kann man indern Spitzenteil des l inken Ventrikels einfi

M u s k e l sy s tem nachweisen welches einen überw iegenden Teil
samten Wanddicke dieses Abschnittes einninnnt‚ von der Herzspitz
Kuppe der Papillarrnuskeln reicht und zu diesen in engster E
steht ; die eigentlichen Pap i lla rrnnskeln und dieses M u s k e
bilden danach eine an a tom i s ch e Ei n h e i t

,
die Pnpillarmusk

n ichts als die freien rnit den Chordae als Sehnen in Verbindung
Enden dieses Systems .

3 . Das Reiz!eitnngssystem*
. Die spe z i fis ch e " Muskc

dieses Systems unterscheiden sich von der übrigen Herzrnuskulat
logisch durch das Prävalieren des Sark0plasmas und das Zurückt
Fibrillen

,
außerdem auch noch durch ihren Reichtum an Glykog

System enthält außer diesen spezifischenMuskelfasern aber auch z
N e r v e n fa s e r n und Ga n g l ie n z e l l e n (Engel‘, Ma



J

a) Das a tr i o - veutr ikulä re S y s tem . Die Muskulatur der
nuern ist von der der Kammern durch bindegewebige Ring e ,

nu l i fi b ro s i
,
getrennt. Diese Trennung ist aber k e in e volls t ä ndi

ieht einMuskelbündel , das nach seinem Entdecker genannte H issc
iov entrikulnr - B iindel

,
vom Vorhof zu den Ventrikeln. Nach

emuchnngen von Tawara " bildet dieses Bündel oberhalb des Sep
sum atrioventriculare einen kompliziert gebauten K n o te n , Ta wa rasc

rAtr ioveutr ikularknoten
,
durchbricht das Septum und läuft in z

ennten Schenkeln an der Knmmerseheidewnnd herab
,
durchsetzt

trikelhohlräume in Form von Trabekeln oder falschen Sehnenfli
tritt endlich anden Papillarmuskelnundden peripherenWm dsah icl
der Kammermuskulatur in Gestalt der H rrkiry

'

m hen Fäden in

lung. Dieses Verbindungssystem samt seinen Endanshreitungen aa

[1 Menschen und allen untersuchtenTieren eine gesetzmäß ige, im gm

ganzen übereinstimmende Anordnung. Das Bündel ist auf se i1

zen Verlaufe von der übrigen Herzrnuskulatur stets durch Bir
rebe getrennt

,
erst in seinen Endawbreituugeu verschmil zt es m it

ä hnl ichen Knmmermuskulatm .

Als Purk1'nj rsche Fäden werden sei t ihrer Beschreibung dureh Purkinj e (1845) N
er galleriertiger Fäden von eigenartiger histologi sche: Struktur (röhrenförm igo Geb
ganz vonSurkoplnsma erfiillt, mit nur wenigenrandständigenIÄngsflhrillen) bemeid
in der Innendflcbe der Henkamrner besonders beim Schafe sich finden. First sp
len sie als die letzten Ausläufer der Schenkel des Him ben Bündels erkannt.
b) Das s in o - a u r ik u l ä re (s in o - atr ia l e) S y s tem . Ei ne dem

a schen Knoten ganz analoge Bildung liegt nach Kei th u. F lack ”

Grenze zwischen Vena cava sap. uud rechtem Vorhof: K eith- F lc

r oder S i n u s k n o ten . Von dem Knoten verlaufen Verbindungd as

Muskulatur des Vorhofs und der Vene .
Entw i ck lung eg e scb i ch tli ch sind die einzelnenAbschnitte des Herz ens zum !

inbreite Übergänge der Muskulatur des einenAbschnitte in die des andern ver imm

ar findet eine Reduktion dieser Verbindungen zu schmi leren Brücken sta tt. Be i

nen geht noch die Muskulatur des Vorbotis im ganzenUmkreis der Vorbofskamm ergn
ie Muskulatur der Kammer iiber, bei den höheren W irbeltieren werden dann die

augen auf bestimm te isolierte Bündel beschränkt. Bei den Amphibien und Repfi

‚ht auch noch eine besondere Verbindung vom Ventrikel zum Bulhus aortae , der

selbständigen Hem bschni tt darstellt Kalbe vgl. .‘lanyold

Die K l a ppe n des Herzens die a r te r i e l l e n (Semilunsrklapp
die v e n ö s e n (Zipfeiklappeu : Mitral is und Tricuspidali s) bestehen
llä rernBindegewebe mit elastischen Fasern und werden vom En dok
rzogen. Die Zipfelklappen besitzen noch quergestreifte , radi ä r
ende Muskelfasern

.
die von der Muskulatur der Vorhöfe anegen

h Albrecht° ist diese Klappenmuskulatur absolut konstant u n d st

ganz unmittelbare Fortsetzung der innersten long itudinnlen w ie

ui nach außen folgenden transversalen Sch icht der Vorhofsrnnskuh
Nach ihrem Eintritt in die Klappe ordnen sich die Musk e lfasern

einen getrennten Bündeln
,
welche ihren Ansatz ausschließl ich an

rdae tend ineae finden, und zwar fast nur andenen
,
wel che direkt

eflungsrande der K lappe inserieren und mit einem Anteile an de

rer Fläche zur Ventrikelwnn<i verlaufen .

Unterhalb der Semiluuarklappen der Aorta und Pulmona li s bef1n
Muskelfasern

,
welche bei der Contraction des Ventrikels inForm
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mäßigen Schlagen bri ngen. Auch beim me n s ch l ich e n H e rz e n
möglich ; Kuliabko“ konnte ausgesehnittene Herzen von mens
Leichen 20Stunden nach dem Tode zum Pulsieren bringen ; das }
beitete dabei ziemlich regelmäß ig über eine Stunde lang.

Am ausgeschn ittenen Herzen kann die Frage ex
'

mentell
werden

.
von w e lch e n Bed i n gu n ge n die Fortdauer r normale

tätigkei t abhängt.

A . Die Zu samm en s e tz u ng d e r Nä hrflflssig ke i t, die dv
Herz strömt.

l . Die Flüssigkeit muß is o to n i s c h sein vgl . umui

Herzrnuskel direkt zu schädigen . Man verwen t daher im al lg
e ine isotonische Kocbsalzlösung Diese vermag jedoc
für sich die Tätigkeit des Herzens n icht zu unterhalten : die K
Henscbläge n immt dabei fortwährend ab bis zum völligen Stillsta
derartiges

,
durch Koebsalzlösung „e r s ch öpfte s

“ Herz kann jedoc
eine geeignete Nährflüssigkt: it wieder zum Schlagen gebracht wer

2. Die Flüssigkeit mußaußer Na Cl als notwendige an o rga
S a l z e enthalten : Ca CI, (Langendorfl u. Hawk K Cl (vgl . unter
wahrscheinl ich auch Na H CO, .

3 . Dem Herzen muß S au e r s to ff zugeführt werden, wenn
volle Leistungsfäh igkeit bewahren soll (entweder durch die Flt

oder durch Einschl ießung des Herzens in eine Sauerstot’fatmosph
hohem Druck ; Porter Allerdings vermag kurze Zeit lang das
bltiterherz mit sehr geringen O—Mengen auszukommen . das des Ka
sogar ohne Sauerstoff.

4. Das Herz kann ohne Zufuhr o rgan i s ch e r N ä h r s to ffe
indem es von seiner eigenen Substanz zehrt Doch gen
nicht auf die Dauer : es muß dann für Ersatz gesorgt werden . t

ist hierfür z. B. Serumalbumin , Traubenzucker. Galaktose, aber nie]
lose sowie die Disaccharide : Rohrzucker

,
Maltese. Ladose (Locke

kirch u. Rom Das Herz verbraucht unter annähernd physiob
Verhältnissen ungefä hr 4mg (Knowltmz u. Starling mg

feld" ) Traubenzucker pro Stunde und pro Gramm Herzmuskel.
E) . Die Ernährungsfliissigkeit mußzugleich die bei der Herz

gebildeten Stotfwechw lprodukte ,
vor allem die CO, (Sallet er

Als geeignete Durchströrnungsflflsnigkeit fiir das Frosdnbm gab Ringer
"

an
Na Cl. enthaltend I an' Na HOO‚ . 0,75m

’

Notwendigkei t resp . Emetzbarkeit der einzelnen Salze vg l. Gross“ ,

eine Lösung von Na Cl , Na HOO„ K 01, Ga Cl
, .

Na
,
HPO„ Na II

,
PO„Für das Singeüerherz empfahl Locke” eine Fliiss

Na Ol. 0a 01„ K Cl, Na HO(

mäßig ist noch einZusa tz von Gluense. Neukirch n. Roms" fanden am zwed:

die Tyrodt scbe Lösung : Na Cl, R OI, 0a 01„ Mg Cl‚
Na H

‚
P0„ Na 8 00” Glucose.
6 . Zahlreiche chemische Substanzen w irken auf die Freqm

Stärke der Herzbewegungen ein, wenn sie entweder direkt an“
l iegende Herz aufgetragen oder beim durchbluteten Herzen der
strömungsfliissigkeit zugesetzt werden ; die Art der W irkung
W irkung auf die Herzmuskulatur , indirekte durch Vermittl ung d.
nerven , Kombination beider Einflüsse) ist dabei n icht immer kl
Hedbom Ham oek

Auffallend ist die g i ft ige W i r k ung de r K a li um sa lze. di e in sehr
Mengen ein notwendiger Bestandteil der Erni hrnngstlünsigkei t sind (vgl. oben),



a d e n „e l asti sch e n Zug d e r Lu nge n
“ welcher

,

m ü3e aktive Zusammenziebung der Vorhöfe beendet ist , die um

M rl
,
zusammenllegenden‚

nnchg iebigenVorhofswände w iedt

B. Die Vorhofe contrnbieren s ic h . Hierbei erfolgen sdbnell
einander : die Zummmenziehung der einmtindendenVe n e n , der H e ra
der We n d u n ge n der Vorhöfe. Die letzteren ziehen sich wellenfiirrn

ben nach unten . nämlich gegen die venösen Ostien bin, zusammen
Die Fontmrtion der Vorböfe hat ein leichtes Ans ta u en des Blutes in der

Venensh
'

lmrum zur Folge. wie man es namentlich bei Kaninchen leicht erkennen k
denen nach Durchscbneidung der Brnstmnskeln der Znsammenüifl der Venae j
ommunes und subclsvine freigelegt ist. Es findet kein eigentlichena ückwerlon
masse statt. sondernnur eine teilweise stauende Unterbrechung des Einfließens in c

F ig . W.

S .a. D . D a. S .v .

Schema der Sy stole ntrioruru , Dia b lo veotr icu lorum und der Dim !»ntriorum .

Sy stole no trlculorum .

ruf, wei l die Einmündungsstellw der Venen sich verongern. wei l ferner der Druck
beren llohlveue und in den Lungenvenen der Rücksh uung bald das Gegengewit
md endlich weil in der weiterenVerzweigung der unteren, zum Tei l auch der oben
mm und der Herzvenen Klappen»die Rückstuuung verhindern. In dem anstauende
mnenblute bewirkt so die Herzbewegm g eine regelmäßige . pu lsa tor i scb0 Erscl
lie in abu<mner l iebe zum V enenp u l s (9° 55) fiihren kann.

Durch die Zusammenziehung der Vorhöfe wird das B l u t in d
chla fftenV e n tr ik e l ge tr i e b e n

,
wodurch diese beträchtlich erw

werden ; zum Tei l wird diese Erweiterung der ersehlnflten Ventrike
urch den e l a s t i s ch e n Zu g d e r Lu n ge n bew irkt. Man hat der
rikeln auch die Fäh igkeit zusprechen wollen

,
sich a k ti v zu erv

1nd so das Blut an z u sauge n eine derartige aktive Erweiterung
edoch tatsächlich nicht vor (von den Velden vgl.

Während das Blut durch die Vorhöfe in die Kammern get

wird
,
l ieg en die Zipfelklappen ke ineswegs etwa der Kammerwar



Es ist fraglich . ob V°’h0f und K amm e r g enau a l t e rni e r end
daßim Momente des der Kammerzusammenziebnng die Vorkan1mer
ob die Kammer bereits sieh wutmbiert. während noch die \'ortummer kurze
b l e i b t, so daßalso wenigstens fiir eine kurze Zei t das ganze Herz central]

C. N un contrahieren s ic h die V e n tr ik e l
,
während

emchlafl
‘

en.

H ierbei preßt sich das Blut gegen die Unterfläche der
klappen , welche sich , mit ihren nach unten umgebogenen RE
förmig ineinander greifend , eng aneinander legen (Sandbo

Müller M') (Fig . Ein hingen 111 die Vorhofsh

ist nicht möglich , da die Ch o rdee te n d in ea e ihre unteren
Ränder festhalten . Für die Aneinanderlagerung der benachbar
ränder wirkt der [1 1 1 1 besonders günstig , daß von ein
runskel die 1111en;1f;1_i111 e11 stets an die einander zugekehrten Rä
K lappen geben . Die 1 K lappen sindder F'läche na(
horizontal gestel lt ; daher bleibt in den Ventrikeln auch auf d

Contraction stets ein Rest von Blut
,
das sogenannte „B esidu

fuck (Sandhorg u. Wom —Müller
Die S em i lunark laprmn der großen Gefäße sind beim

Sy stole der Ventrikel natürlich noch durch den hohen
,
in de

füßen herrschenden Druck ge sc h l o s s e n . Es ist daher der
während des ersten Tei ls der Sy stole der Ventrikel sowohl ge
hofwie auch gegen die großen Gefäße abgesperrt ; die Systole
fiihrt daher zunäehst nieht zu einer Zusammenziehung der I
und Verk leinerung des Innenraumes , sondern nur zu einer
Spannung der Kammerwand und einem Ansteigen des Druck
des Ventrikels : „Ansp annung szüt

“
oder „Verseh lußze i t

“
.

Augenbl ick
,
wo der Druck in der Kammer den in den gm

übersteigt
,
ö ffn e n sich die Semilunsrklappen und das Blut 1

g roßen Gefäße : Austrei bung szei t
“

.

Während der Ans p annungs z e i t lkommt es zu keiner Änderung
Muskelfasern‚ m dern nur zu einer Znnnhme der Spannung derselben. en

i som e t r i s ch en Muske la k t ; während der Aush eibungszeit verkürzen ei

fasern bei (nn; efi hr) M bleibender Spannung, entsprechend dem i sotoni e
a k t (vgl. Mm kelphym

'

olog ie. 218 und

Während das Blut in die großen Gefä ße strömt , leg
Semilunarklappen keineswegs etwa
fäßwand an (vgl . S . Bei der
der Ventrikel werden auch die Ö stier

Gefäße veren9 ; dies geschieht besc
die Muskelwtilste

,
welche sich nu

Semilunarklappen hervorwöiben

Das Blut wird mithin dureh e
'

men er
die weite Ö ffnung der großen Geht
dadurch entstehen oberhalb der Kla
Sinus Valsalvas) Wirbdbewegungen
Klappen nach der Mitte des Gefi

drängen
,
die K lappe „s te l l en

“

(Kr
Die w h icu euon Sou ilun1 r
kleppen dor Pulmona lis vom I) . Sowie di6 SY8tOIB d6 1' K
Menschen (von unten)

Ende 8fl
’@iCht hat und die Diaßt

s ch l i e ß e n die Sem i lunark lappen(Fig . Da diesea

g estellt“ waren erfolg t der Schlußbei dem g ering sten Üben

Fig . 24.



https://www.forgottenbooks.com/join


teigende Linie , das sogenannte „P l a te au“

,
schl ießlich wiede

abfallenden Sebenkei .
Eine Reihe von Autoren haben in ihren Druckkurven das Pisten vermißt
der Druck sofort wieder, nachdem er das Maxim um erreicht hat. Die Dil ers

verschiedene,fiir die Druckregistrierung benutzte Methodik zurückza (vg
lnr l1

'

ng
"
,
Por i rr "

, Die neuesten, rnit den bestenManometern uns
arsuchnngen haben hi erüber ebenßlls keine Enh cbeidnng gebracht : P1

'

3
0r

“

eu Kurven k e in Pisten . im Gegensatz zu ihm hält es Tiger“c

m ucbungen fiir festg estellt daß der wirkliche Brucknt dureh eine X 1

sau richtig wiedergegeben m rd. Oh das Plateau absinkend. horizontal oder 11 1
luft, hängt nach C. Tigerse von dem Widerstand im arteriellen Gebiet ah.

Im besonderen lassen sieh an der Kammerdruekknrve die fo
zelheiten erkennen
Vor dem stei len Anstieg des Druckes bemerkt man eine leic

ung der Kurve (1) inFig . 25 B u. C) . Dia elbo fä llt zeitlich zuz

der Vorbofscontraction (o inFig . 2ö A), entsprieht also
ung des Druckes durch das bei der Vorbot'seontraetion inden V
i ebene Blut.
Zwischen der Vorhofscontracflon und der eigentlichen Systole der Kamm

areas " eine in der Kammu drnckkurve zuwei len unttretende geringe Erhöhuu
111 „Intersy a tole

‘ bezeichnet. Die Deutung derselben ist nicht klar.
Es folgt der stei le An stieg des Druckes ,

der durch die Sysu
nmern bedingt w ird ; er geht sodann indas Plateau der Kur1

Au irgend
Stelle diese
venabscbuittt
die Eröffnu
S em i l u n a r

|!m p e n erfolge
Lage dieses
läßt sieh im

M m durch Vergl
oitschn ibor der gleichzei

genommenen
des Druckes
Aorta (Fig .

Der Druck
Aorta steigt

Vontr1hel (16 11180l 1) M
in welchem

Glaiehn itigor Ablnuf du Ku dlom rnes. dos Vootri kßldm ko. und 81010 der K
de. Aortondrnckoo vom B und. noeh K. RM “ .

1060 M e der Zeltkurvo Sekunde.

sondern
t e1ne meßbare Zeit (von Marke 0 bis bis der Druck in d
steigen anfängt (A n sp an n u n gs z e i t , vgl . In diese
t (Marke 1) erfolgt die Ö fi

’

nung der Semilunarklappen.

Am Plateau der Kammerdruckknrve ze igen sich fast immer
wankungen,

die sog enannten „sy s to l i s ch e n W e l l e n“
. U

ren bei den älteren Untersuchungen sehr wahrscheinlich zum
bedingt durch Eigenschwinß

'llflgefl der reg istriu enden We
ar auch die neuesten Untersuchungen zeigen hier vereinzelte
g en; über ihre Erklärung s. Piper U. 7‘igersfedl

"
.

nndo i r 8 00u nnun, Pby l iolog i o. Aufl .



8 0flmnh lnbu ifl durch “er: und Lungennebst du Thom vreudungen sur De
dor Form vortnderung der B enbnsic boi der Cm1 tnet inn dor Ventrike l. F 6 Quer1
dor Ventrike l in der Dtu tnlo, o der Ort der vorderenVentri kelv nnd, o Querdure
Ventrikel 111 der Systole mi t dem O rt der vorderen Ventr ike lvu ad w i hrend 1

II Sei tennnsich t der Hm lng o : dio 8 m sp ih o in dor Diastolo ; p d ieselbe in
(zum Tei l nach C. Ludwig 11 . Ha i n) .

mit der A ch s e s e n k re c h t zur Basis . Hierdurch mußdie 8 ;
unten und hinten nach vorn und oben (p) erhoben werden
„Cor sese und sie preßt sich so systolisch erhäflet i
costalraum hinein (Fig . 27. II). Da somit der Herzstoß im
von der Bewegung der Herzspitze berrtibrt

,
bezeichnet manihn

sp i tz e n s to ß“
.

3 . Die Herzventrikel erleiden bei der systolischen Contrac
eine leichte s p i ra l ige Rollung um ihre Längsachse („late
nationem

“

,
W. Harvey) in der Art, daßdie Spitze von hinten

nach vorn gebracht w ird
,
wobe i zugleich von dem linken

größerer Streifen sich nach vorn wendet.
Die Bolluug des Herzens um seine Mngsacbse lei tete manfriiher ah vo

Verlauf der Fu enüge un der Vordertidche des Herzens von eben und rec

und links. Begünstigt soll te die Drehung weiterhin dadurch werden, daßdi t
gegeneinander gm bmieg ten Sti mme der Aorta und Pnlm0nalis bei ihr

Spannung ebenfalls eine Drehung des Herzens in demselbenS inne bewirkten



du Zwerchfell niederdritekt . venehiebt ebenso den flenstoßnach nnten nnt
kehrt hat du haben Binaufngen des Diaphngmn(dureh Lungensehrumpt‘
Druck der Untsfl eibsorgane) d1e Veriuge1

-ung des Hensteßes nuoh eben (
dritten Intereostnlnurn) und etwee nach links hin zur Folge. Verdickung
dung des Renens und Erweiterung der Höhlen (Hypertrophie nnd Dilatatim
sie den linkenVentrikel betriflt, denselben Enger und brei ter. und der vers
ist tiber die Mammi llnriinie hinaus nach links , selbst bis in die Axillarlini
8. Intercostnlraume fliblimn Hypertrophi e nnd Dilah tion des rechten Ventri
das Herz ; der Herzstoß ist mehr nach rechts, ja selbst rechts vom Brustbei

des 81tus inversus. inwelchendu flerz in der rechteu ßrnstseite liegt. mm
auch denHerzstoß an der entsprechenden rechtenThom seite.

Der Herzstoß erscheint abnorm g esehwflcb t bei hwhgrediger Selm
aktion. Auch eine Abdru gung des Herzens von der Brustwand durch A

Fig . 28 .

Fig .

Elek trcünrdiog romme 111.e11 £ inlborru) .

Flüssigkeiten oder Gasen im Herzbeutel , oder durch die sehr ausgedehnt
oder durch eine 1inksseitigs Fü llung des Thoraxraumes schwitch t den Harz!
ihn sogar vö llig aus.

Eine Ve r s tä r k ung des Herzstoßes wird beohnchtet bei Hypertrophi
sowie bei den verschiedensten Erregungen (psychische. entzündliche, fleberl

welche das Herz trat!en. Starke Hypertmphie des linken Ventrikels mach
. b e b end " , so daßeinTei l der linken Brustwand unter sy stoliscber Erscbi
gehoben wird . In manchen Fällen findet man ihn deutlich oder sogar nocl
normal , und der Puls erscheint trotzdem nur klein. Es handelt sich hier 11
\

’
enhi kelentleerung He rzeonh acti on“

) (Hochhaus u. Quinr
Ein h ers sy stoli sch es E ins ink en an der vorderen Brus t tin

und «l. linken Intereostnlnun1 nicht selten unter normalen Verhältnissen,

stärktet Heru kfion, ferner auch bei m enh'iseher Hypertrophie der Kamme
Kammermuh aetion die Herzspi tze etwas disloziert wird und die Ventrike

verkleinern, so werden zur Ausfi lhmg des IsergewordenenRaumes die naeh
tei le der Intereosta lriturne einsinken. Bei Verwachsung des Herzens mit
unddem umgebendenBindegewebe findet sich ebenfalls anstatt des Hem toßes
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v orn Anfangspuukt des aufsteigenden Schenkeis bis zum Endp
Plateaus (Marke 0—2 in Fig .

Nach HM Me
" kann die Dauer der Sy stole aueh an der Kurve des A1

gemessen werden; die Strecke m Begim dss W his znm Aufiretender é

Welle stellt ziemlich genau die Dauer der Knmmersysh le dar, obwoh l sie sich 1

mit dieser Phase der Hem evolu60n deckt.
Beim Hund fand Hürthle" die Dauer der Kammersystole

Sekunden .

Be im M e n s c h e n ist man fiir die Bestimmung der Sys“
auf das Kardiogmmn angew iesen . Bei manchen
grammen entspricht in der Tat der Beginn des ansteigenden
dem Anfang der Kammerzusammmziebung , der Beginn des steilen
naeh dem Plateau dem Anfang der Diastole

,
aber es gibt auch

gramme bei denen dies 1 1icht der Fal l ist , ohne
es ander Kurve selbst entscheidenkönnte . Manmuß hierfür den
mit der Pulskurve heranziehen , bei der (s o.) die Strecke vom Be
l’ulses bis zum Auftreten der dikrotischenWel le der Dauer der
systole gleich gesetzt werden kann . Auch die Markierung der
käme hierfür in Betracht.

Hürdele
'

" bestimmte die Dauer der Kammersystole beim 1

zu Sekunden . Landois " berechnete die Dauer der Ventrik
aus seinen Kardiogrammen zu Sekunden ; bei nur
schläg en war der Wert Sekunden ; bei sehr hoher Frequenz
bis Sekunden.

Die Systolendzmer stel lt einen ziemlich k o n s tan te n Wert
w ird dieselbe durch wechselnde W iderstä nde in der Aorta nicht 11
sie ist also (wenigstens innerhalb weiter Grenzen) unabhängig
Arbeit

,
welche das Herz bei seiner Zusammenziehung leistet. Veren

in der Pulstfrmuenz werden hauptsächl ich hervorgebracht durch
ä nderungen in der Dauer der Diastole

,
n icht der Systole .

l.andois fand , daß bei enorm er Hypertrophie und Di la tation des linken
die Dauer der Ventrikeleonh sction den normalen Wert nicht wesentlieb überstei i

Die Zusammenziehung der Ventrikel zerfäl lt in zwei A
(vgl . 8 . die „A n s pan n u ngs z e i t“ und die Austreibun

Die Grenze zwischen beiden bildet der Moment der Öfl’

nung der 81
k lappen . Dieser Moment kann bei T i e r e n durch Vergleich der
druckkurve und der Aortadruckkurve bestimmt werden (Fig . 26 ,
In den Versuchen Hürthles am Hunde betrug die Anspannung
Durchschnitt Sekunden .

Am M e n s c h en kannman die Anspannungszei t berechnen
Zeitdiflerenz zw ischen dem Beginn des Kardiogramms und den

der Pulskurve in e inem dem Herzen naheliegenden Gefä ß ; dt
dabei die Fortpflanzungsgeschwindigkeit der Pulsd e (vgl.
Rechnung geste llt werden . Auch bleibt zu bedenken , daßder De
Kardiogramms nur inden typischen Kurven mit dern Beginne der
systole zusammenfiillt.

Landois berechnete die Anspannungszeit in folgender Wei
1 . Herztou bis zum Puls in der Ax il laris verstreichen 8

Die Fortpflanzungsgesohwindigkei t der Pulswelle in der 30cm
Strecke von der Aortenwurzel bis zur Axillaris beträgt
(berechnet aus der Geschw indigkeit in der 50cm langen Bahn
Ax illaris bis Radialis Sekunden) ; es bleibt also für



se.

Topog raph ie des B rnsthorboo und der B rnfl oingeweido .

J . Atrium dextrum . o. Auri culncini ctn . r. J . Vontrioulus M r.

Ventr icnlu cloictor mi t l.der Hu np i tse . A Am . 11 Arter in pulmonsl is.

C \’onn een superior . LL Bogrenznng dor Lungen. PP Beg renm a der Plone

w ietnlis (noch 0. M ita u. o. M ) .

r Semilunarklappen selbst findet to n l o s statt; erst einen Aug
Mer

,
wenn dieselben stä rker gespannt werden , erschallt der 2 . 1

Reg i s tr i e r ung d e r He r z t öne. Da man weiß . in welchem Moment 1

regnng die Hentöne « schalten, so ist ihre objektive Registrierung von größ
die Deutung der Kurven der Herzbewegung. Fiir diesenZweck sind zahlreiche
egebenworden. Entweder wordendie Herztöne auf einMi k rop h on übertrug
et und schließt durch seine Schwingungen einen elektrischen Strom , wo<

Mromagnet inTl tigkeit gesetzt Hürihle " ) oder ein Capiih relektrometer (Ein
oder der Faden eines Saitengnlvunorueters bee

fr die Schwingungen der Herztöne werden auf eine Mem b r an übertragen: 1111



sti l lstehende oder auf das infolge der normalen S pontenre ize pn
Herz kün s t l ich e Re iz e

,
sog . Ex trare ize (meist lnduktionssehl

wendet und die Bewegungen registriert.

Die |Intersucbuugen können sowohl an dem freigelflgten. in der normalen\
belassenen. als auch am sm esehnittenen und eventuel l künstlich gespeisten Her
fiihrt werden. Um die Bewegungen der einzelnen Herzabscbnitte zu registri eren,
feine Häkehen durch die Herzwand und verbindet diese durch einen Faden
Schreibhebel. der die Bewegungen in geeigneter Vergrößerung aufzeichnet (S ue)
me thode, Eny elmmm

Ana tom i e de s F roscb be rzens. Das Froschberz, an dem vi ele der
essierm denUntersuchungen ausgeführt worden sind , besteht aus e ine r K am m e r
Vorka rnm e ru. 111 den linkenVorhof mündet die Pulmonulvens. Die Hohlvenen (1
eine untere ) münden nicht direkt in den rechten Vorhof, sondern bi lden zunäch

genanntenHob lv enens inus. der durch einOsfium mi t dem rechtenVorhof ver1
Es schlägt zunächst der Hoblrenensiuus, darauf die Verhüt'e, dann die Kammer,
Bulbus cordis. der letzte Herzehscbnitt, der indas Anfangssttick des arteriellenGe
übergebt.

1. lte izba rke i t und 2. L
‘

ontractili titt.

Der Herzmuskd hat ebenso wie die übrige Muskulatur die F
auf Reize zu reagieren , und zwar dadurch , daß er eine Cen t
ausftibrt. Die Reizbarkeit des Herzmuskels ist n icht etwa nur d
zahlreichen in ihm vorhandenen Nerven vermittelt (indirekte
sie ist eine d i rek te. Dies wird durch folgenden Versuch bew ies
bei e inem Frosch die Herzspitze (die un teren zwei Drittel der Herz
welche nur Nervenfasern

,
keine Gangl ienzel len enthält , abgekle1

müssendie von den Gangl ienzel len getrennten Nerwnt'aeem in 1

degenerieren . Die Herzspitze bleibt aber bei solchen Fröschen
,
die

lang am Leben erhalten werden können
,
dauernd reizbnr : auf B

macht sie eine einmal ige Contraction (Bowditch Aulmd Langen
Ammon iak

,
Kalkwasser

,
sehr verdünnteMinemlsä uren, die auf tu

Nervent
'

nsern n icht reizend wi rken
,
wirken auf den Hemmuskel;

triertes Glycerin
,
welches Nerven stark reizt

,
ist an der Herzs

wirksam
Ein wesentl icher Unterschied im Verhalten des Herzmuskek

fiber dem Extremitä tenmuskel l iegt darin
,
daßdie Größe der Co

nicht von der Größe des Reizes abhängt. Auf einen bestimm

reagiert der Herzmuskel entweder iiberhaup t n i ch t , wenn 111111

Größe des Reizes unter der Schwelle der Wirksamkeit liegt (untern
Reiz) oder falls der Reiz überhaupt wirksam ist

,
sogleich

m a x im a l e n Z u ck u n g : A l l e s o d e r N i ch ts - Ge s e tz ; d e r m
Re iz ha t b e r e i ts ma x ima l e W i rk u n g Krmceokm

Herzmuskel verbraucht also auf einen iiberhan t wirksamen Reiz
alle ihm augenbl ickl ich zur Verfügung stehen e Energie .

Aus d iesem Verhalten des Herzmuskels erklären sieh ein

weiterer Eigentüml ichkeiten desselben
Aufj ede Zusammenziebung des Herzens folgt eine Periode , in

die Empfänglicbkeit für weitere Reize (ebenso das Leitungev
aufgehoben

,
resp . herabgesetzt ist : „r e frak tä re P

Kroneckefl ‘
, Erst nach Ablauf dieser Zei

Herz wieder für neue Reize erregbar. Da eben bei jeder Contra
vorhandene Energie aufgebraucht wird

,
mußnach einer solchen

gewisse Zeit verstreichen
, bis die ftir eine neue Contraction no

Energie sich wieder aufgespeichert bat.
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15. Die cs11011e der Herzbewegung.

105

Da das aus dem KO'PQ I' ausgesehnittene Herz seine Tä tigke
unverändert fortsetzen ka“? (zumal bei gleichze itiger Ernährung, vg
so kann es keinem Zweifel unterl iegen

,
daß die U r s a ch e d e

b ew e g u n g im H e rz e n Se l b s t ge l e g e n ist und nicht etwa 111

desselben , im Centralnetmnsystem . Das Herz hat die Fähigkeit
,

Auslösung seiner Contractionen nötigen Re i z e in sich selbst zu ei

A u tom a t i e d e s H e rz e n s . Es müssen ferner offenbar Einrichtm
Herzen selbst vorhanden sein

,
welche bewirken

,
daß die Mask

jedes einzelnen Herzebsehnitts (Sinus , Vorkammer, Kammer. Bulb
annä hernd gleichzeitig zusammenziehen

,
daßdageg endie Contracti1

einzelnen Henabsehnitte in bestimmten ze itlichen Abständen anti
folgen , damit die normale Fortbewegung des Blutes dureh die He
zustande kommen kann : Co o rd in a tio n d e r H e rz b ew eg u n g .

Bei der quergestreit
’
ten Skelettnmekulatur sind sowohl d

erzeugung als auch die Einrichtungen fiir die Coordination
wegungen indas Ceutralnervensystem verlegt ; von h ier aus die

Skelettmuskulatur die flir die Bewegung nötigen Reize in der ge
Weise zu , um eoordinierte Bewegungen auszulösen . Es erscheint
am einfachsten , anzunehmen

,
daß auch beim Herzen die 1

vorhandenen n e r v ö s e n El em en te
, Gangl ienzellen und Nerv

der S itz der Reimrzeugung und der eoordinatorischen Riuri<
seien : N e u roge n e Th e o r ie d e r Zur 8 11112
Anschauung w ird die Tatsache angeführt, daßTeile des Herzmus.

dann eine s po n tan e
,
nicht durch äußere Reize bedingte Tä tigkei

sollen
,
wennsie Gan g l ien z e l l en enthalten . Die abgeschnitteue od

klemmte Herzspitze des fi oschee
,
die ke ine Ganglien mehr entbi

harrt in dauernder Ruhe
,
bei Zuführung äußerer Reize dagegen eo

sie sieh (auf einen Stich bin eine Contraction , auf Dauerreize hi1
mische Pulsationen). Ebenso verhält sich die Kammerspitze de
tierherzens

,
ebenso die isolierten

, ganglienfreienHerzobren beim S

(Lougemimß
r Dageg en zeigt die inder Atrioventrikulargren

quetschte Herzkammer
,
die sicher Ganglienzel len en thält

,
be im Wa

wie beim Frosch kräftige , anhaltende Pulsntionen.

Naeh der neurogenen Theorie sind im Herzen m eh r e r e g a
Ce n tre vorhanden

,
welehe dureh Leitungsbahnen miteinander in

dung stehen . Die einzelnen Centre sind einem domin ierenden
untergeordnet, von dem aus in b e s timm t e r O rdnun g die Ex

übrigen (
‘

entren zufließen; so kommt die Co o rd in a t io n de r

bew e gu n g zustande . Das domin ierende Centrum l iegt in den Vo :
beim Frosch im Hob lvenensinus.

Im Gegensatz zu dieser Anschauung n immt die m y og e n e
de r H e r z b eweg u n g eu

,
daßdie im Herzen gelegenen Gang“

und Nervent'aseru überhaupt n ichts mit der Reizerzeugung und Re
zu tun haben . Es sind v ielmehr die M u s k e l z e l l e n d e s H e rz e n
welehe automatisch die motorischen Reize ftir die Hensehläge e
die M u s k e l z e l l e n d e s H e rze n s s e l b s t s in d das exc i tornot

Ceutra lorg an.

Diese Anschauung stützt sich vor allen Dingen auf die

daß das emb ry o n a l e H e rz versch iedener Wirbeltiere bereits
eh e noeh Ga n g l i en z e l l e n in d em s e l b e n n ac hgew i e s e n



Ursache der Herzbewegung.

Ventriket verbindet , erst „
9011

„eh
Durchmhneidung dieser letzten Briieke tri tt der

ein B .

“11 dem mi t A t rop in verg ifleten Herzen, bei den

digungeu des Vegas geübmt amd. 80 daßVagnsm iznng keine Herzbemrnung meh

(vgl. tritt nach der 6““in S lanmmrschen Ingamr derselbe Erfolg ein (I
Eine noch ge n a uere Lo k a l i s i e r u n g d e r reizerzeug enden

iru Venensinus , resp . rechten Vorhof ermöglichte die M e th od e (1

b e g re n z te n Erw ä rm u n g o de r A b küh l u n g b e s timm te r Her
Gaskell ‘” und Engelmann

'” hatten bereits gezeigt
,
daß eine Ä1

der F re q u en z der Hensebläge, d. 11 . also eine Änderung im T e 1n
R e iz e r z e ug u n g nur dann eintritt

,
wenn Sinus und Vorhof 01

g roßen Herzvenen erwärmt werden ; al leinige Erwärmung des Ve
dagegen erhöht n icht die F nenz

,
sondern nur die S tä rk e der Zus1

z iehung
,
bew irkt also nur nderungen der Cm traetilitä t, nicht de

erzeugung . Die Methode ist dann durch Gunter u. 2

Brandenburg 11. Hof mann” zu einer g roßen Vollkommenheit g
und auch auf dasWarmbltiterherz angewendet worden . Die Untersue
ergeben

,
daßbeim Warmbliiterberzen der w irksame Bezirk

,
dureh

Erwärmung oder Abkühlung die Frequenz der Hermebläge geändert
kann , inder Wand des rechten Vorhofs zwischen denMündungen der
Hohlvenen liegt ; e r fä l l t z u s amm e n m i t dem Ge b i e te d e s
!

‘

Ia cksehen S i n u s k n o ten s (vgl. S . An d ie s e r S te l l e ent
ind e r No rm die Ursp rung sre ize fii r die H e rzb ew eg u ng . D.

besonderen Verhältnissen (s. unten) auch andere Abschnitte des spez
Muskelgewebes des Herzens als Reizbildungweutra fungieren könne1
der K ei th- F la cksehe S i n u s k n o te n im Gegensatze zu diesen 11

m ä res Reizb i ldung scentrum unddie h ier entstehenden Reize als
top e Ursprung sreize bezeichnet. Die Reize entsteb

in Form von Da u e rr e iz e n (wie aus dem Fehlen der kompensak:
Pause an diesen Stellen hervorgeht

,
vgl . S . diese Dauerre

wirken infolge der physiologischen Eigentämliebkeiten des Herz1
rby thmisehe Zusammenziehungen , sie werden gleichsam inEinzelreize
W e l ch e r Ar t die Dauerreize am venösen Ende des Herzens sind, ist um

vielleicht handelt es sieh um eine ermgsnde Wirkung der in der Muskulatur ab!
8 toflwechsslvorg iinge.

Außer dem Keith F7acksehen Sinusknoten kommt auch den
Abschnitten des spezifischenMuskelgewebes des Herzens die Fähigk
automatischen Reizeneugung zu

,
wenn auch in geringerem Maße ;

entstehenden Ursprungsreim werden im Gegensatz zu den an der n(
Reizbildungsstä tte entstehenden nomotopen als beterotope bez1
Solche Stellen sind : der Tawa r a sch e Atrioventrikula rknote

S . s e k u n d ä r e s Re izbi ldung seeutrum ,
das Fwsebe

te rtiä res Reizbildung seentrum. I n d e r No rm k omm t die Aut<
d ie s e r T e i l e n i ch t z u r G e l tu n g

, da ihnen fortgesetzt vom Sinus
rhythmische Reize in schnellerer Folge zufließen,

die die q ue.

Pulsationen bestimmen. Wenn jedoeh aus irgend einem Grunde die
Reizbildungsstä tte des Sinusknotens a u s ge s ch a l te t ist

,
dann ka

Automafie der untergeordneten Re izbildungsstä tten w irksam und d:
von hier aus zum Schlagen gebracht werden . Je nachdem die R

solchen Fällen vom Tawaraseben Knoten oder vom Hüscben Bünd
geben

,
11. b. von einer mehr im Vorhof oder mehr im Ventrikel gel

Stelle
,
können in der Schlagfolge des Vorhofs und Ventrikels 011

ristische Änderungen eintreten : die Zeit zwischen Vorhof und K:

Lundo i s -B ose rnnnn, Phy siolog ie . 14. Aufl.



P
" “S d

m‚«
i f Herzner wn auf di e Herzbewegung.
Ve

bei den höheren
hm:l
l
i
alll tuer und Kammer) erfolgt die

motorischen Reims 89 (der Zuckung eines quergestre
vem1eiebbar) . DssRßß

lem!ngssystem hingegen , welches die
B rücken zwischen jeneneinzelnen Abteilungen bildet, le itet
folge hiervon zieht jede e1nzelne Hem btei lung sich als ci

gut wie gleichzeitig zusammen,
wogegen die Systole einer

abwä rts gelegenen Hem bteilung erst nach einer merkliche
führung des Blutes aus der einen indie andere Hermbteilung
Zeit erfolgen kann . Auf diese Weise kommt die Co o rd i n a
wegung der einzelnen Herzabsebnitte zustande .

Beim Warmbltiterherzen erfolgt die Übertragung des 111
Vorkammern auf die Ventrikel dureh das Hissebe Bündel :
achtete ,

daßnach Durchscbneidung des Bündels Vorhof um
ganz verschiedenem Tempo schlagen , Heriazg ‘“ zeigte , daß
schneidnng dieses Bündels j ede funktionelle Verbindung v01

Kammer aufgehoben ist; Vorhöi
‘

e und Kammern schlagen
voneinander (die Kammern seltener) . b e id e a u tom a tisch
kompensatoriscben Pause am Ventrikel) , weder von den
Kammer noeh umgekehrt geht eine spontane oder künstli
Erregung iiber (vgl . Calwu. Eppinga

*

11 .

Pathologi sches. Eine Le i tung sunterbr eohung im ll isscb e

aueh beim Menschen zu Dissoziation des Vorhof und Kammerrhythm%z

Krankheit (vgl.

46. DieWirkung der Herznervenauf die Herzb
Den P l ex u s ca r d i acu s bilden 1. Di

des N. V ag u s -S t amm e s ; dazu Äste gleichenNam ens aus dem Rum . extort
m s superior . des inferior , mitunter auch der Lung eniish vorn Vagns. m

1119 links. 2 . Die (eu Zahl und Stärke nicht selten wechselnden) Rami c
medius , inferior und imns aus den drei Hsiaganglien und dem ersten Br1
s t e l l a t u m ) des N. s y mp a th i cu s [mitunter verläufi ein Zweig eine S tre
Bahn des Ram . desom1dens hypoglossi]. Aus dem Geflechte gebenhervor : die
ob e r fl äch l i ch enN e r v en (die letzteren in der Regel ander Tei lung der
dem Aortenbogen ein G ang l i on enthaltend ). Man unterscheidet :

a) den P l ex u s co r ona r i u s d e x t e r et sini sh ar , der die vns

Nerven der Kranm fl fle durch denVagusanteil. die di i a t a to r i scb en do

tbious fiihrt Nach Doy le! n. Ar rhang clslcy
'”

v

die vssomotorisehen Nerven durch den Sy mpathicus .
b ) die in der Herzsu bs tunz und in den F u rch en l i e g end en 1

reichl ich mit G ang l i enz e l l en versehen sind . Ein g ang l i enr e icber Ne

läuft im Herzen. dern Rande des septum atriornm entsprechend , ein
Atrioventrikulargrenze. Wo beide sieh trefl’

en. tauschen sie Fasern aus. Die

meist nahe dem Perikard. Bei S änge rn liegen die beiden größerenGangli 1
mündung der oberenHohlvene, hei V öge ln liegt der größte Nervenknotm
Kreuzungsstelle des Sultans longitudina lis und transversa lis . Von diesen 111

dnrebseh ten Ringen bohren sich nun in die Muskelwilnde der Vorkamwer1
feinem Nebenästeben ein, welche auch ihrerseits wieder kleinere G ang l i e

Beim F ros ch ist der V a g u s der einzige Nerv , der zum Herzen
l11ufen in seiner Bahn schon vom Anfang an a uch s y m p a t h i s ch e Pas
Rsmi eardiuci (vom rechten und linken Vegas) treten in die Wand des
ein und bilden hier einen Plexus, dem zahlreiche Ganglienzellen eingelagsrt
sch e r H a u fen; eine kurze Anastomose verbindet bier die beidenNerven.

v
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Wird derTbofa)
e

zulliiehst indie tiefste Inspiretionsstel lu l

hierauf die Giott1 8 5
‘
Sc h l o s s e n und nun durch W irkung d

tionsmuskeinder BN S raum stark verkleinert, so können die
so stark zusammengel’reßt werden , daßsogar die Blutbeweg rmg
zeitweil ig unterdrückt W ird Va lsa lva s V e r s u c h “

,
Der

Zug ist in dieser Stellung sehr besch ränkt und hierzu wirkt um
unter hohem Drucke stehende Lungenluft pressend auf das Her
intratborakalenGefä ße . Von außen kann kein Venenblut inden
e intreten

,
es schwellen daher die sichtbaren Venen

,
das Blut de

wi rd schnell in das linke Herz befördert und dieses entleert
nach außen . Daher sind die Lungen blutarm und die Herzi wl
Also herrscht größerer Blutreichtum im großen Kreislaufe

,
geri

k leinen und im Herzen . Die Herztöne hören auf
,
die Pulse schw

Wird umgekehrt in stärkster Exspirat1
'

0nsstellung die G

schlossen und nun mit aller Anstrengung der Brustkorb inspirat
weitert, so w ird das Herz gewaltsam dilatiert ; denn außer dem e
Zuge der Lungen wirkt noch die stark verdünnte Lungenlut

‘

t 8 1

auf die Herzhöhlen . In das rechte Herz ergießt sich reichl ich d
strom ; in dem Maße ferner, wie der rechte Vorhof und die Ka1
Zug nach außen noch überwinden können , werden sich die ]
der Lungen stark mit Blut füllen . Aus dem l inken Herzen wird
weniger Blut ausgetrieben

,
so daß sogar die Pulse stocken könn«

ein prall geflilltes, großes Herz und größerer Blutreichtum de

Kreislaufes gegeniiber dem großen („J ohannes Müller s Versuc
Die Verkleinerung und Vergrößerung des Herzens beim I’nlsalmsehen u.

schenVersuch können durch das Röntgeuvert'nhren direkt beobachtet werden (I
Der Fig . 3 1 dargestellte A p p a r a t zeigt schematisch denEinfluß der

sp irationsbewogung auf die Ausdehnung des Herzens und den Strom in den

behnen, die zum und vom Herzen führen. Eine Glasflnsche mit aimesprengtem
denThom dar, an Stelle des Flaschenbodens ist D, eine elastische Gumminv
gebracht, welche das Zwerehfell repräsentiert. PP sind die Lungen, L die Luft
Einp ng (6 10ttis) durch einenHahnbeliebig geschlossenwerdenkann. 11 ist das Hm
der Hohlvenen. A das Aortenrobr. W ird zuerst der Luftröbrenbnbn g esch loss
wie bei 1 die & gpirationsstollung ruit Verkleinerung des Thoraxruumes herbeig 1
Aufwi rüpressnng von D, so wird die Lnfi in PP verdichtet, zugleich aber wi
Herz H komprim ier t ; das venöee Ventil schließ t sich, das arterielle wird geöfl
Flüssigkei t durch A ansgetrieben. Das eingesetzte Manometer M zeigt den
Intratborakaldrnck nu. Wird gleichfalls bei geschlossenem Hahn! (in II) die
stark abwärts gezogen, so erweitern sich die Lungenpp , aber auch das Herz 11
Klappe öffnet sich , die arterielle schließt sich , es erfolgt also Ein3 b ömen
Flüssigkeit von 11 zum Herzen hin.

II. E inw i r k ung d e r Herzheweg ung en a uf di e L ungen. Da

Innern des Thorax während der Systole einen kleineren Raum einnimmt als 1

Diastole, so mußbei oflener Glottis, wenn es sieh verkleinert, Luft indenThema
wenn es erschießt, seiner Vergrößerung entsprechend , Luft durch die geüßneh
entweichen. Einen gleichenEinflußmußder Ffillungsgrad der großen intretbora
sti mme heben. Die hi erdurch euch bei sti llstehender Atmung bewirkte Bewegung
luft wird als „k a rdi onneum a t i scbe B ew eg ung“ bezeichnet ; sie kann dun
Vorrichtungen demonstriert und sogar graphisch registriert werden (Lm1doie )
der Deutung der dabei gewonnenen Kurve mußauf die 0riginnlaflwitsn verwic

Iloycrnff u.
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“rom der Flüssigkeit m i m “ ! Wege von der untersuchten Stella his zur
luflül

’

nung noch zu überwinden hat.
Die Treibk'nft nimmt daher im Verlauf der Röhre konstant ah , da de

Im e1hen, die Widemh ndnhühe , durch die Widerstände allmählich m ikebranc
e me nmgeeeh 1) wird ; am Ende der BÖhre bleibt von ihr nur noch die Gase!“
1611e übrig, welche die Ausströmungsgeoehwindigkeit bewirkt

Die W i d er ständ e. Die Widerstände, welche sich einer strömenden Flik!

pegennßlien, hi ngen ah 1. Von der K oh ä s i on d e r Fl ii ssi g k e i tske i lc
inander oder d

e
r Vi scosi t il t der Flüssigkeit (llür lhle ’

, "muß 11. Beck ’
,

q M 8 18 0. Müllfi ‘
, Münzer u. Blocl1 ,

‘ W. Müllsr ', De

1 m bobene 2ylindersehichhn vorstellen kann
tend mßm fr Bev egans, der AeWnfiden so

den, wofür einTeil
kn1’1verbrauchtwen].
Größe der Widersti
wesentlich ab vonder !
K oh ä ei oa sk r af t

e i g ke i%atei lehen
der ; je M ger die

l l

Dm ei ceßßA mit dem Au flnflw hr b und eingesetzten gt
“ d

i

„
i

‘M w D

DmM nu ru D.D, D, .

6 3 W
W durch due

reiben. E rwä rm ung vermindert die Kohl eion der Teilchen und daher auch die
widem%dm. Ofimbm mußferner j e s chne l l e r di e S trom beweg uag vor dc!

18 i81 je mehr Flüssigkeiß1eilchen in einer Zeiteinheit ausdmmd
größ e r a u c h di e S u mm e d e r W i d e r s t änd e werden. 1h die wands1l1ndige,
M o hmeh ende Flüssig ka81 sieh wiihrend der M nang in abmluter Ruhe m a

nenne, daß11118 Materinl der Röhrenwandung komm ui 8 auf die Wideretin
2. Von der W e i t e d e s Roh res. Bei gleicher Stremgeeehwindigkei t 1111

er Widm ünde abhln“ von der Größe des Dumhmesaem des Rohres ; je
Durehmeawr ist , dm größer find die Widerstände. Die Widersflnde nehmer
mgaren_

%hrenwhneiler zn, I ll die Durchmm r der Röhre abnehmen.

Strömung einer Flüsaigkelt 111 einem starren, ung leich weiten
Röhrm , welche in ihrem Verlaufe eine ungleiche Weite beaih en, ist die Gear.

1 89 vem hiedw ; sie ist innerhalb der weiten 8%110n m tfirlich kleiner
größer. Im 1 11801110111“ ist die 81mm; emhv indig keit M I") 111181

Röhren umgekehrt proportional dem Durehmhnitüe des betreflmdan Röhrennlnch
Wlh

g

m d in überall gleiehweihn Röhrm die Treibkrafi der etrömenden
zu M e gleichmäßig abnima nimmt diwelbe innerhalb un3 18 1

ni ch t g l e ichm äß i g ab. Denn da die Widerstände in enm 3 8 1111011

115 in so mußnatürlich innar1mlb der engenM en (lie
'

1‘reibknfl amt kel
119 inmwhelh der weiten.

K r ümm ung en und Seh läng e lnng end e r G e fäß e bringenweiterhin 1

Mach mi t sich : infi lge der Zentrifi13 91kmft preaeen sich näm lich die 818116 3 !
Mrker an der konvexen Soße dee Rom s und finden hier somit größerenW111
W 86 0mheweg ung 11111 an dar konkaven Seim.
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N a ch Fuchs “ 35‚

Venen keine Erscheinung einer tonischen Err

Km dm u skeln; anf eieh fl 90h “l ung der Nerven zeigen nur die Arterien, nic!
eine ak t i ve Verengomng.

IABt man die Geßß° ‘“W nitiener lebensfriecher Organe durcbetrömc

wohnen gov im Stoffe boig°m°nst sind. so wirken: or rre i terndAmy lni trit, Cl
Morphin. 0hinin. Atropin (Harns und Koct auf die Nierengefitße),
Adm nlin, Digitnlin. Veratrin.

Auch den Cap i lla ren k omm t Contracti li tä t zu,
und 1

delt es sich nach den Untersuchungen von S teinach 11 . Kain
ni cht

,
wie man früher angenommen hatte , nur um eine Veteng

Lumens infolge einer vergrößerten a gescenzder Zellen der Cap
sondern um e c h te Contrac ti li tä t. Diese hat ihren Sitz in v

Ze llen
,
deren Körper paral lel zur Längsachse des Gefäßes ste in

feine Ausläufer aber senkrecht davon ausstrnhlennnddie Gefäße
nrtig nmklsmmern. Steinach 11. Kahn" konnten sowohl bei direi
triseber Reizung

‚
als aueh bei Reizung des Sympathicus die Car

der Nickhaut des Frosches zur Contraction bringen.

DieEl a s ti z i tä t der Gefäße ist ge r in g , (1. h. sie setzen den
Kräften wie Druck oder Zug einen nur geringen W iderstand
aber sie ist zuglei ch vollkommen

,
d. h. sie kehren nach Aufhören

nenden Kräfte in ihre frühere Form wieder zurück (Fuchs "
‚

Patholog i sches. Die A r t e r i o s k l e ros e bedingt starke Verändemngor
bu keit, Elastiziä t nnd Contractilitilt der Gefltßwand.

Eine große K o h ä s io n s k raf't ist den Gefäßwandnng
vermoge deren sie selbst bei erheblicher Spannung im Innern
reißnng W iderstand zu leisten vermögen . Der Zerreißnngswider
Venen ist relativ noch größer als der glei0hdickm Arteriea

Gréhant n. Qm
'

nquami
‘$ halten die normale A rteria carotis oder

Menschen einen Druck von 7— 8 Atmosphären aus.

50. Die Bewegung des Blutes im Gefäßsysten

Das System der Blutgefäße ist n icht allein vollkommen
angeflillt, sondern es ist fiberfli llt. Das Volumen der gesamten
ist näml ich größer als der Hohlraum des Get

‘

äßsy ä ems inleerern
Daraus folgt

,
daßdie Blutmasse auf die Gefäßwnndnngen üben

Dru ck ausübenmuß
‚
welcher eine entsprechende D eh n u n g der e

und contractilen Gefaßwände bedingt . Dies gilt j edoch nur Wä l
L e b e n s ; nach dem Tode erfolgt eine Erschlnfl

'

nng der Muskeln
und ein Übertritt von Blntplasma in die Gewebe , so daßnun (1

teilweise sogar leer angetm8
'

en werden.

Denk t man sich die Blutmasse im ganzen Gefäßgebiet glc
verteilt unter überal l gleich hohem Drucke

,
so würde sie sich in

Gleichgewichtslage befinden und in dieser verhnrren (wie k
dem Tode). Würde j edoch an einer Stelle des Röhrengebietes d.
unter welchem das Blut steht , erhöht , so würde es von der 5
höherenDruckes dorthin ausweichen

,
wo der geringere Druck

es würde eine s tröm e n d e B ew eg u n g der Blntfltissigkeit entstel
derartige D ru ck d i ffe re n z unterhält während des Lebens dan
Herz

,
indem es mit jeder Systole der Kammern eine gew isse M.

indie Wurzeln der großen Arterien wirft, die unmittelbar zuvor d



In denCap i llargefäßen hart die pulsatorisohe Druckse
nnd die pnleatorische Beechiennignng der Strombewegnng auf;
nur eine kon tinuierl iche Strombewegnng übrig . Die bedeutend
stünde, welche sich der Strombewegnng gegen das Capillargebie
bieten, lassen allmählich beide erlöschen . Nur wenn die Cap
sehr erweitert werden undder Druck im arteriellen Gebiete zuniu
die Pnlsbewegung nnddie pnleatorimhe Beschleunigung der Strom
durch die Capillaren hi ndurch bis in die Venenani‘änge s ich fort<
So sieht man es

‚

°an denGefäßen der Speicheldrüsen nach Re
N. facial is

,
welcher die Gefäßbahnen erweitert (vgl . Umso

einen Finger mit einer elas tischen Schnur
,
welche den Rüc

Venenblutes erschwert und den arteriellen Druck un ter Erweit
Capillarendes Fingers erhöh t

,
80 sieht man isochron mit dem

k lopfenden Gefüh l die geschwellte Haut eich intermitti€:rend stal

‚
Cap i llarpuls

“

Eine vollkommene schomatische Nachbildung des Kreislanfes ist von
si t uiert worden.

Im folgenden werden h intereinander die Pnlsbewegung
B l u td r uck

,
die G es ch w i n d i gk e i t der B l u t bew eg u ng ai

werden .

51. Pnlsbewegnng.

" Technik der Pnlsnntersnc

Im Altertum wurde von denÄrzten mehr dem k r unkh a ft e r r eg t en a

ma le n Pulse die Aufmerksamkeit zng owm dt. 80 npricht li ippokra'n (460
nnr von ersteren! und bezeichnet ihn mi t dem Ausdruck W Erst sp
namentlich vonHemphc

'

lus (300v. der normale Puls m l gaög) dem krank!
gegeniibergestellt. Dieser Forscher legte ferner besonderes Gewicht auf die 2 1
ni s s e der Dilata tion und Contraction des Artu ionrohres , auch bestimmte er

Eigenschaften der G r ö ß e, der F ü lle, der Celer i t l t (m yh; my_th ) nnd der
(am p

'

o; M u alexandrini scher Kolleg e Em istralux (um BW V. G )L )
über die F o r t p flanz u ng dor Pu lsv e llen rich tige Angrhen gemacht , im
drücklich sagt, daßder Puls in den dem HerzennlhefliogandenSchlagudern frif
als in den entferntea Erasi»lm lus fühlte ferner auch den Puls nn!

in der Kontinuität einer Schlagader eingeschalteten Kanüle. Arch igem hat
t i s c h en Pu ls e seinen Namen gegeben, den er in fleborhnflen Krankhei ten 2 !

Gelegenheit hatte . Gnlemw (13 0 stellte genauer als seine Vo

Dehnung? nnd 00niracüonsverhfiltnisae der Schlagader während der Pnlsbev

mmenklich erklärte er den Pnlsns tardns dadurch . daß das Moment der Anad
lingefl sei . Auch über den Pnlsrbytbmns , ferner über den Einflußdes Tempel
Geschlechtoa. des Alters , der Jahreszei ten, des Klimas. des Schlnfens und des V
Gemütsbewogunson. der ka lten und warmen Bfldor finden wir bei Galomw be:

Mitteilungen. C
‘

usanus (1450) z ä h lt e zuerst die Pnlsschläg e nach einer W!
Die l’nlsbewegnng kann an versch iedenen Arterien ges e

mit den Fingern gefü h l t werden ; am häufigsten gesch ieht di<
Art. radial is oberhalb des Handgelenkes . Für eine genauere El
der dabei stattfindenden&wegnngsvorgänge ist jedoch die g r:

Reg i s t r i er u n g des Pnlses: Sp h y gmo grap h i c notwendig. (Erst
mograph von C. Vierordt" , Die Pnlsbewegung wird dabe:
auf eine Pel o t t e , die der pulsierenden Stelle nach Art des pa]
Fingers angedrückt wird1 und wei terhin auf einen H ebe l übern
die Bewegung i n vergrößertem Maße wiedergibt . Die Spitze d
(Sehre i bhebe l) zeichnet endlich die Bewegung i n Gestalt ein
auf einem bernßten Stück Papier auf

,
welches durch einUi

gh ichmäßiger Geschwindigkeit an der Spitze entlang bewegt
Lnndo h —B on m nnn Phyololog io . 14. Aufl.



03 5
'

3 ‘ dienen dazu . denAppm t auf der Urhgohm
S mud h

"

gahen nach oben i)

W oche K und K‘
mit entsprt singe

VM die inumgekehrter Stellung, mit der Oman
b efestig t m In der Mitte der Gnmmimomhnn ragt
an dem sm amm z aud z‘

nahe an winee hae

W membm . welche durch die pulsierende Stelle
der Hoh llaehüm lohen und der Schläuche auf die 0

ob eren 8ehreihbohel übertragen.

Es sind eine große Zahl vonModiflkaä onon do
(8 0 von r . Frey " . Jaquet” u. Eine besonders h
g obrauchßo Form ist der Dmigeonecbe Sphygm°gn
die Bewegung der Pelotte P (Fig . 39) nacheinnnder
sch li eß lich auf die Schroihnndel übertragen, die di
w ohn t ; das Gegengewiebt 9 hi !! die m Teile

Von einem idealen Sphygmographen n
wegnng dee Schreibhebels und somit die
\vegnng der pnlsiemnden Stelle a bso l ut g

mc. aa.

Die OW

derang erfüllen jedoch die meisten Instrn
durch im Appara t l iegende Fehler w ird d
puls ierenden Stelle in s t a rk en t s te l l ter I
Potter ” haben die ftir die Konstruktion de
kommenden Momen te einer theoretischen und

unterzogen ,
auf die h ier nur verwiesen

Grund ihrer Un tersuchungen einen neuen Sp
nach ihren Angaben a l le Pnlsformen

,
w

Men sch e n v o rk ommen , ge t reu aufzeic
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53 . Qualitä ten des Pnlses.

Die Pulsfmquenz. Die Zahl der Pnlsechll ge ineiner Minute heißt
man unteneheidei dmwb de}! Po lens troq u ons e t r srue. Der nermalo m
hat 71—72 Pnleschlägo ineiner Minute, das Weib gegen 80Sehlfige. Doch 1
frequenz von sehr vielenMomenten beeinflußt :

Das L e b ens a lt e r. Die Pulsfreqncnz beträgt beim Neugeborenen
enteo Lebensjahre 120—130‚ sie sinkt dm mit zunehmendem Alter, beträgt
ungefl hr 90. vom lD.

—i ö. Jahre 78 und bis zum 50. Jahre etwa 70. im

steigt sie wieder etwas anbis aut
'

80uud dariiber. v. Lhota " zeigte, daß
H undendie Abnahme der Pnlsfrequeuz vor allem durch das Auftreten und d
Ventürkung des Vaguetonus 290) bedingt wird .

b ) Die K ö rp e r läng e : unter sonst gleichen Verhältnissen nimmt die
mit zunehmender Körperllnge ah,

(3) S ons t ig e Einfl üsse : Der Puls ist im Stehen etwas frequenter
und im $tzcm wieder etwas trequenter als im R egen (l ä gel Muskeltfitigke
über das Zustand ekommen dieses Einflusses vgl. 574. 3 , Aula Mm fcld

'

rung des arteriellen Blutdruckes, Nahrungsaufnahme, erhöhte Temperatur,
Sehnen, Ü belkei t. psy chische und gm blwhtliehe Erregungenbewhleuni

im Wochet t, im Hungarznstende ist die Pulsfrequenz herehgeeetzt.
d) Im Laufe eines Tages zeigt sich eine Per i odi zi t ii t der Puls

Schwankungen folgen dem Verlaufe der Tempem turkurvo.

Pai hol«g imh%. Unter krankhnfien Verhältnissen ist die Pulsfreque

ändert ; im F i e b e r h un sie auf 120 und darüber steigen. Periodische Ani
steigerter Pulsirequenz (bis zu 250) werden als Py knokardi e (falsch ist di
Tuchykurdie, da t zy_u

'

; color ist‚ s. unten). ahnorrne Verhngenmung bis auf 1
als S puni knrdi e (falsch ist die Bezeichnung Brady kardie, ds ßp4&i; = tardm
nat. InFällen, indenendie Pnlsfreqnenz auf 24. 16. sogar 13 herabgesetzt vn
wohl das Allg emeinbetinden wenig gestört (Frey

Pu ls t
'

r eq uenz e inig e r T i e r e : Elefant 28, edler Hengst
nnd Arbeitspferde etwas mehr ), Rind gegen 60. Schaf. Schwein75,
Katze 130, Kaninchen 120—1w. Maus 520—675 (Ruckanan“

) in 1 1

2 . l’uisas celer oi i ard1m. Von der Pulslrequmz streng zu unterse
Pu lsce le r i tä t. Ein Pul sns c o lo r oder schnel leude r Puls ist ein solo
rasch enhr irkelt und wieder vergeht , rasch ano und absteigt ; beim entgegen;
halten, wenn die Dehnung des Arterienrohres durch die Pulswelle und des Zu
h aasum erfolgt, spricht man vonPnlsns t a r d u s oder g edehnteru Pu ls. Ki
aktion. hohe Nuchgiebigkeit der Arterienmeruhran, leich ter Abflußdes Blutes,
der pulsi erenden Stelle am Herzen begüns tigen die Entwicklung eines Pulsus
gesprochen celer ist der Puls bei Aor teninsnft' i zi enz.
Nach der Größe des Pulses, d. h. nsch der Weite der Ex kursion, dic

wand bei j edem l’uLeschlag macht , unterscheidet man den Pnlsus m agna i
ist die Größe versch iedener Pulse nicht unter sich gleich , wie normal , so sp !
Pu lsns inue qna li s.

4. Unter Spannung oder Hä rte des Pulses (P u ls u s d u r u s et mo

mm das Maß von Kraft, welches man aufwenden muß, um die Arterie velisti
primieren, so daß peripher von der kompfimicrten Arteria kein Puls mehr
die Spannung des Pulses ist danach abhängig von dem maximalen, auf der
weue in tl6 l' A rterie vorhandenen Blutdruck . Streng zu unterscheiden von
des P u ls e s ist die Besobafl’

enh it der A r t e r i enw and , die selbst um
sklerose ) oder weich, elastisch (beim Gesunden) sein kann.

5. Rhyt hmu s desPnlses. Andem normalenPulse erkennt der tastende
bem derenRhythmus, sondern es folgt Sch lag auf Schlag in ansch einend glei.
wenn auch geringe zeitliche Abweichungender Pulse untereinander ot't vorkou m
liehfisdo“

. Zuwei len fällt in der normalen Reihe plötzlich oii
a u s s e t z end e r Puls. Rüh rt das Aussetzen von einer bloßen Schwäche der 8
heißt der Puls P. int e rm i t t ens. rührt es mo einem Ausfall der 8y stole
man ihn P. d e fi c i ens. Mi tunter erscheint in einer normalen Reihe einPulss4
geschoben: P o lens int er cur r ens. Der regelmäßige Wechsel von einem hob

niedrigenPulse wird als Pu lsus a l t ernsns bezeichnet. Beim Pu lsu s b i g e

die Pulse paarweise auf. so daß der zweite Schlag dicht hinter dem erstenfolg !



oroump v b ewegen.

95. Der Venena s . Das Phlebogramm.

Mfl hOd8 . Man kann von den Bewegungen einer Vene mittelst empt
Sphygmographen eine K urve verzeichnen: die Venenp u lsknr v e oder das Ph i sh o
Zur Doutnng derselben ist die gleichzeitige Registrierung des Kardiogramms ode1
mog ramms erforderlieh. l’olhaM ” überträgt um das zei tliche Verhältnis
Venen und Cm tispuls zu demonstrieren, die Pulsbewegungen vermi ttelst zweier
Glastrichter, die auf die pulsierende Vena und die flnrotis aufg esetzt werden,
nebeneinanderstebende Wassermsnometer mit gefärbt" Fliissigkeit.

Un ter normalen Verh ä ltnissen erl ischt im allgemeinen die p
risehe Bewegung im Capillsrgebiet ; i n den Venen findet nur no
gleichmäß iges Strömen des Blutes statt Hä ufig beobach te
jedoch un ter phy si ologischen Verhältnissen in der Vena jugularis com
eine Pulsat ion ; sie erstreckt s ich entweder nur auf den unteren T
Vene ,

den sogenann ten Bulbus , oder auch höher h inauf auf den
der Vene selbst . Die Venenpulswelle pflanzt s ieh langsamer t
die Arterienpulewelle‚

nämlich nur l— 3 m in 1 8ekunde (M0rrow°

Durch die V enenk la p p en oberhnlh des Brabus wird die Erscheinung des
logischen \

'

enenpulses ni cht beeinflußt, da es sich dabei um eine nega tive Wellenh

benda t, die in der Richtung des Blutstromes verläuft te. unten) ; heim pathologische
puls sind die Venenklnppon oft insuftisient.

Bei dem physiologi schen Venenpuls handelt es s ich nich t et
eine vom Herzen in die Venen zurückgeworfeneWelle, sondern der
mäßige Abflußdes Venenhlntee wird durch die Herztätigkei t bald begt
bald beh indert . Die normale \'enenpnlskurve zeigt drei Haupt
Die erste Erhebung, die mit der S y s t o l e des Vo r h o fes (der Dinstc
Kammer) znssmmenfä llt, daher mit der Erhebung des Carotispnlses
niert

‚
w ird bewirkt durch die Beein trächt igung, die der Abflnßdes

hlntes im Momen t der Vorhofscontraction erfäh rt . Die zwei te Eri

der Venenpnleknrve fällt annähernd mit der Erhebung des Csroti.

zusammen
,
es handelt s ich dabei tei lweise um eine von der henee!

Csmtis übertragene Bewegung , zum Tei l um eine Abflußbehinderu
Venenblntes zur Zeit der Ventrikelsystole und des Trieuspidalkl

schlusses. Die dri tte Erhebung endlich fäll t zusammen mit dem

der Knmmerdiastole ; wie sie zustande kommt
,
ist unk lar. Ü be

gehen die Ansichten über die Deutung der Venenpulskurve nee]

einander (vgl. Ha i ng e kebach Fréderivg I?t Edens '

Patholog iscbeS. Der p a t h o log i s c h e V enenp u ls findet sich bei
g pidul insufi

'

izi euz; er fällt (im Gegensa tz zum normalen) zei tlich rnit der
‚M it! zusammen. Er wird dadurch bewirkt. daß der rech te Ventrikel bei seiner Oo
Blut dureh die nicht schlußfi hige Klappe in den Vorhof und von da in die Venen
« ipß. Pflanzt sieh die Pnlssfion in die untere Hohlvene und deren Äste fort, so
der sogenannte Le be r v enenp u ls.

Zuweilen kommt es vor, daß der Puls in den Cnpillaren nieht erlischt, send
durch das Oepillnrgebiet bis in die Venenfortptianzt, sogenannter p ene t r i e r end e r
u l s; so z. B . wenn die Arterien stark erwei tert sind (vg l. 8 . od er wenn de
denselben stark ansteigt und schnell wieder nbfi llt, wie bei Insnfiizienz der Aorten

Unt e r s c h e i d ung d e r v e r s c h i e d ene n A r t en d e s V enenp u ls e s.



m
.

1\
MM mE” P“h atorische Erscheinungen.

h d
bewuken° y l“statisch w1rkende Legeverä oder
oder Vefenger“ngen anderer größerer

b . Bew e g un g der M“3kq latur der eingebrach ten W
Ve\m abnahme (Franc. Gltssons Versuch , da der Ven
seh1eunigt ist wenn auch die intrnmuskuliiren6 6%
werden . 6 . H o h e (33— 36“C) und n i ed ere Temperaturet
auf die Annhant appliz iert ‚ vermehren das Volumen des Ar
einer durch die thermischen Reize bewirkten Parese der Gem

7. G e i s t i ge A n s t ren gu n g vermindert des V
Extremitä t (Massa ebenso der Schlaf. 8 . Reizung der 1
hat Abnahme, die der Vasodilstatoren Zunahme des Volument

57. Anderweitige pnlsatorisehe Ersche inung
1. M und h ö h len undNa senhö h lenp u ls ; Trommel t

’

e llpuls.

gefüllte Mund und Nasenhöhle zeigen bei gesch lossener Glottis dadurch. di

ndern ihrer Weiohteile pulsierm . ebenfalls in ihrer Luftmasrw eine pu1ntorin
die rnit Hi lfe em pfindlicher Beg ietriorvorrichtungw auikewhfl ehen werden k.
systeiieche Schwellung der blntreicheu Weichteilo der P a u k enh ö h le km

Wei se eine Pulsation am intakten '

l
‘
rommelfelle beobachtet werden oder an 8

die etwa anfällig innerhalb der Oflnung eines krankhafl perforierten Tromme
gesetzt haben.

2. Bei lebhafter Anstreng ung erscheint häufig mit j edem Pulsschl

dunk e ltem G es i ch tsfe lde e ine p u lsa to r i scb e E r h e ll ung, bei erlv

felde eine analoge Verdunklung. Mit dem Augenspiegel erkennt manmitnu
der Refinssrterien, die namentlich bei Insnflizienz der Aortaklappen bedeuten

3 . Der M u s c u lu s o r b i c u la r i s p u lp e br a r um su ch t unter i hn
nissen synchron mit dem Pulse ; es rüh rt diese Zuckung, wie es scheint. d
der Pulssehlag ihn durch die sensiblen Nerven mdektnrisch zu einer Cent

4. Sitzt man mit übereinander geschlagenen Beinen, so erkennt
s c h w e b end en Unte rscbeuk e l Pulssch lag nnd Rückstoßelm tion.

5. Dem G e h i rns wird durch die großen un der Basis verlaufenden
pulsetm

*isrhe Bewegung mitgeteilt.
6. Ony ch og r ap hi e von Herz“

. Setzt man einen empfindlichen P
einen Fingu nagel, so erkennt man die Pulswelleu in den kleinenGeflßen det
Sind die Geßße der Fingerbeere contrahiert, so erlischt die Pulsation. Das Dr

erscheint als eine Komb ination von Sph y gmogramm nnd Plethyemognmm (B

7. Eine p a t h o log i s c h e E r s c h e inung sind die s y s t o li s c h en
i rn E p i ga s t r'i u m , teils hervorgerufen vom Herzen bei Hypertrophie den
linkenVentrikels bei

'

1
‘

iet
'

stnnd des Zwercbt’ells. teils durch sturkes Puisic

erweitertenAbdominnlsorta oder der Art. eoeliuca . A bno rm e E r w e i t e r t
r y em eni der Schlagaderu lassen auch an anderenStollen eine a1morme Puls:
B. an der Tis chen dureh das Aneurysma der Aorta ascendens und trunm

li y p e r tr»p b i e nndDi lnt e t i on d e s l ink enV ent r i k e l»bowir i
tion der dem Herm a zunächst liegendenArter ien; bei dem analogenZustande
Kammer pulsier t sicht und i

'

fihllmr stärker die Pulmonnlis im 2. linken I
Wenn he i gut ansgeg lichenor Aorteninsut'flzienz kräftiger Kranker die Milz
m hw lit nnd t

“

fih1hsr ist. so pulsiert sie ebenfalls (auch am Penis ist Puls:
hei Mor bus Basedowi i kann si e mona telang pulsier0n.

58. Der Blutdruck. Methoden der Messung des
Blutdruckes.

A» B e i Ti eren. 1 . . S lephanHa in
“ hand zuerst (1727) in die Se

e ine lange G i s e ru h r e ein und bestimmte denBlutdruck durch Mer
nhsä lfl e '

b is zu welcher das Blut in d ieser Röhre semkrooht empmsteig
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fand bei normuiun jüng9f°nMännern in der Ruhe (mit dem A pparat von
mu inndenBlutdruck denminimalen zu 63—95mm Hg . (Vg l.
von Recklingha usen.)

Bei K ind e rn nimmt mit dem A lt e r , der G r ö ß e und dem

Blutdruck zu Taoaslj erna " ,

Beim Neugeborenennoeh m r Beginn der Ahnung fand Ribemont “
in ä ßet Arteria umbilicfl is 64mm Hg , Seitz

“ fand 73 mm Hg .

Nach Volkmann" beträgt in der Oarotis der Druck beim Pferd 1
beim Hund 104— 172 tm», bei der Ziege 118 beim Kaninch en90
88 - 171 mm ‚ in der Riemenurterie beim Hecht 35—84mm Hg . Fmcs

mi ttleren Blutdruck beim Kaninchen zu 122 . beim Hund zu 180mm Hg ;
160mm Hg , die pulsetorisehe Schwankung vuriiemend von 43—64mm Hg .

Brenner "
uls normalen Wert des Blutdrueks 218 mm Hg . Bei Vögeln is

bedeutend höher als bei den Säugetieren; er kann iiber 2m mm Hg betrug
der Art emrnlis des Frosches ist der Minimuldruok 41, der Msximaldruek 5
unistar ”

‚ Fr. N. Schulz

Im allgemeinen ist der Blutdruck bei g r ö ß e r enT i e r en höher ul

weil bei j enen wegen der erheblichereu Länge der Bluthnhnengrößere Wide1
v inden sind. S e h r j ung e nnd s e h r a lt e T i e r e haben ni edrigeren Druc
u f der Höhe der Inhoust'unktionen.

Der arterielle Druck bei F ö t en ist niedriger als bei Neugeboren
Druck ist j edoch bedeutender. Bei einem nicht ausgetragenen Schaffiitm
46 mm , beim fast reifen Schafe 84mm. Man fand die flitale Dmekdifl

nrterieilem und venösem Blnte kaum halb so groß wie beim erwachsenen
n. Zum“:

Innerhalb der großen A rterienstämme n immt der Blut
die Peripherie bin nur relativ wenig ab

,
wei l die Widerst

großen Röhren nur unerhebl ich sind . Nach E. Weber ” ist
der Carot is nur mm Hg höher als in der Crural is. Sohn!
Sehlngadernun ter v ielfacher Tei lung eine erhebl iche Verj iingung
erleiden, nimmt in ihnen infolge der erheblichen Widerstände
stark ah.

Einflusse auf die H ö h e des B l u td ru ck es i n de
Der Blutdruck in den Arterien hängt ab : 1 . vonder Füllung
der Blutmenge ; 2 . von der Hentä tigkeit ; 3 . von den im Geis
bandenenWiderständen .

1. Einfl ußd e r Gefäßt' ii l lung . Man sollte erwarten, daßbei Vol
Vermehrung der Blutrnssse durch Tranfusion, auch nach reichlieher Na]
der Blutdruck erhöht. bei Blutarmen, nach profusen Blutvu lusteu oder nee!
Aum ben aus dem Blnte (z. B. durch starke Schweiße, kopiösen Demhfal
uiedrigt sei . Keineswegs ändert sich j edoch der Blutdruck mit der Venus
minderlmg des Blutes in geradem Verhältnis Das Geßßsystem bosia t vi
oduor Mus keln die Fähigkei t , sich dem größeren oder geringeren Blutvol
ziemlich wei ter Grenzen anzupassen. Daher steigt bei m ä ß i g e r Blutvermel
druck z unä c h s t no c h ni c h t (m -Müller ”

) (535, l ). Der Umstan
W t aus dem Blnte in die Gewebe traussudiefl , wirkt fiir das Ron
Blutdruckes mit (v. Aueh mäßige Ader 1l sse (beim Hund b

tee) haben noch keinen nennenswerten Abfall des Blutdruc

(535, nach kleinen Blutveriusten kann er sogar steigen (Worm»zlmllc
mmnuiehuugen bringenj edoch einstarkes Sinken des Blutdruckes hervor, 9

des Körpergewic s machen ihn= 0.

2. Ei n fl u ß der H erz t ä t i g ke i t . Die Hohe des Blutdr

„b vonder Freq uen z und der S t ä rk e der Herrschläge Bei

bedingen zusammen die Größe der in der Zei teinhei t in das

getriebenen
Blu tmenge und dadurch den Blutdruck .



Der Blutd ruck inden A rterien und Capillßran.

Beim Menschen fand z. B. bei Messung am Oberarm
Mm nu den maximalen, minimalen Pulsdruek und die Pulsdruckamplitude : 158 7

U fi . RH. 57rm Wasser.
unmm * * fund heim Kaninchen den pulsatm isehenDruckzuwnehs fa st gle ich

Druckes während der Puiepause ; r . Bm " ° gle ich des max imalen Blntthnckes.

Der A b la u f der pulsstorischen Druckschwsnkung wird im allgemeinen von

vöhnlicben elastischenMam metern keineswegs getreu fi Mergg ei>en‚ sonde rnmit mc

weniger großen Entsteh ungen. i
i

ber den w a h r enV er la u f der Druckschwanknng en
Aorta und in den peripheren Gefäßen vg l.

2 . Die resp i r a t o r i sch en Druckschwanknng en. BerDrnck

Arterien erleidet durch die A tembewegungen regelmäß ige Schwankt
und zwar in der Art

,
daß bei jeder stärkeren Inspiration der Druck

bei jeder Exspirat ion steigt . Diese Schwankungen erklären sie]

nächst rei n mech an i sch daraus , daß mit jeder Exspiration das B
der Aorta denDruckzuwachs durch die komprimierte Luft im Thor:
fiihrt , bei jeder Inspiration dagegen die Druckabnahme durch di
die Aorta wirkende Verdünnung der Luft in den Lungen . Außerdem
riert die inspiratorisehe

'

l
‘

hornxerweiternng das Blut der Hohlvene1
Herzen ,die Exspiration staat es an und w irkt so auch auf denBlutc

Die Schwankungen s ind am susgesmochensten in dendem Thorax
liegendenArterien (vgl. Kronecker u.

Zum Tei l aber rühren die respirstoriseheu Blutdruekschwank
her von n er v ö sen Einflüssen

,
näml ich von einer mit der rhythmis<3ht

regung desAtemcentrums paral lel gehenden Erregungsschwankung des
motori schen Centrums

,
wodurch s ich , jeder Anregung entsprechend

Arterieneontrahieren und so den arteriellen Druck ste igern („Tram
Her ingsche Druckschwankungen

“ Diese Schwankungen treten bes«
danndeutl ich i n die Erscheinung, wenn bei einem curarisierten

,
also

mehr selbstä ndig atmenden und daher künstl ich gestmetenTiere die
liche Atmung ausgesetzt oder ungenügend ausgeführt wird ; durch d
nehmende Venositä t des Blutes wird das vasomotori sche Centrum
gereizt , der Blutdruck steigt nu

,
die Blutdruckknrve zeigt deutlic

rhythmischen Schwankungen .

Unter besonderenVerm ohshedingnngen lassen sich noch versch iedene andere
bed ingte regelmäßige Schwank ungen der Blutdruckkurve beobachten. Se könnendurc
tragung der impulse vorn Atemeentrnm auf das Vug useentrum Verinderungen de
frequenz und dadu rch Änderungen des Blntdruekss verursacht werden (Fredm

'

cg
8 . May er

” beobachtete Blutdruckschwankungen, bei denen zahlreiche Besp irationen
Blutdruckwelle entsprechen; das Zustandekommen derselben ist noch nicht völlig k
Endlich können Reflexe durch die Ah mhewegung en von den Lungen her Bintdrucke
kung en hervorrufen: pnlm ona le Re flexwe llen

60. Der Blutdruck in den Capillerenund Venen .

B e s t imm ung d e s B lu t d r u c k e s indenOap i llur en. Legt mnneinGla n
von bekannter Größe auf die gefißhattig e Unterlage und belastet es in passender
lange. bis die Onpillsren zuerst erblassen, so findet man annähernd denDruck , weld
Blutdruck dieses Capillm gebietes gerade überwindet. Man erhält den Druck (uuag
in Zentimeter Wassersänh ), wenn man die Zahl fiir das drück ende G ew i c h t (Gev
Gewicht des Glasplättchens ) durch die Zahl fiir die Dr uck flä cb e (angegeben in
zentimetern) dividiert Fiir die Gapillsren des Fin;
erhoberwr Hand beträgt der Druck 24mm Hg , der gesenktenHand 62 mm, a

20mm, um Zahnfleisch des Kaninchens 3 2 mm. r. Recklinn übt
eines gelachten Gummibeutels , der mit der Pumpe aufgeblusen werden kann und z

die zu nntmsuchende Haut und eine Glasplatte zu liegen kommt, einen zunehmende



tle r Kugd; ppufl ‘ 14

8131!
“

d

'
? 8 6 lne Achse x y gedreht . se deB nun B an S

nnt. 80 wiederh0“ Erscheinung. und die Beobachtung kann oft lang
welche zur Fiillnng der einen Kugel due

imende Blut notw0fld’8 berechnet sich die auf die Zeiteinheit entfallmde
3 . Hä mo tachom e ter mißt

m es du reh e ine dem Edelweinsehen ,.
S trom q uadr snten

“ nscbgebilds%

m 41 .

A Volkmann Hflmodroroometer. B Ludn
‘

ge Stromuhr.

n in einer strömenden Flüssigkei t niederbängendes Pendel wird von dieser
(1 ev er um so sürkor , j e größer die Stromgeschwindigkeit ist. Der A;

111 (Fig . 48 . nut plsnparulleh n Glam finden dar, welches
misien Seiten zum Ein und Ausströmen des Blutes 2 Kanä len (e, besitzt .
mgt dem eintretenden Blutstrome gegeniiber ein Pendelohen dessen an

C!
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kann daher nur über die kürzeste Zeit, in der e in Pa r t i k e lc i

den günstigstenvmßt:nssen die ganze Kreislauih nhn dumheilen k ann (vgl. r .

Auf di e Z e i t für den d e r ganz enB lutmnsse ermöglicht sie dsgeg
Rhoknch1uß; diese ist unt we l felb a t

'

t g r ö ß e r.
Nach einer anderenMethode hat S tema gearbeitet. Bestimm t msngulvnn

zunächst an einer unertflhmten Ader den elektrischenW iderstand und inj izi ert nun
runrkierten Momente etwas Kochnlzlösung in die Blu tbahn, so wird, wenn des a

Blut die zum Gn1vnumnoter abgeleitete Strecke passiert, der gn1vunisdie W ider
nehmen; dieser Moment wird gleichfalls mark iert

So fand S im a rt fiir den kleinen Kreislauf etwa der gesamten Kre
Sekunden; Kaninchen, Hund ). Es betrug ferner die Krüslsui

'

szei t 1

8 3 ekunden, der Leber Sekunden; venöse Bluüesrhuii
’

enbeit verlängert d

64. Die Blutbewegung in den Venen .

Die Blutbewegung i n den Venen ist im allgemeinen eine d
gleichmäß ige Strömung , sie erft aber infolge der besonderen Ri
lichkeitenderVenen mannigfacheAbweichungen . FolgendeMomente
h ierbei i n Betracht :

l . Die relative S ch l a ffh e i t , große Deh n ba rk e i t und leic
sammendrückba rkei t sogar der dicksten Stämme; 2 . die viel
undzugleich geräumigen Anestomosenunter benachbarten Stämmen
i n gleicher Gewebelage als auch vonder Oberfläche zur Tiefe hin. Hi

ist es möglich , daßbei partialer Kompression des Venengebietes
noch zahlreiche ,

leicht dehnbare Wege zum Ausweichen findet
,

a lso einer wirk lichen Stauung vorgebeugt wird ; 3 . das Vorher
zah lreicher K l appen , welche dem Blutstrome nur die centripetale I
g esta tten . Diese feh len in den k leinsten Venen , sie sind um zah lt
i n denmittelgroßen. Hydrostat isch s ind die K lappen dadurch v01

Bedeutung
,
daß sie lange Blutsäulen (z. B. bei aufrech ter Stellung

Cruralvene) in Abschni tte zerlegen , so daß die ganze Säule nicht
drostatischen Druck bis nach unten h in wirken lassen kann .

Sowie ein Druck auf die Vene ausgeübt wird , schl ießen
zunächst unteren und öffnen s ich die zunächst oberen K lappen um

80 dem Blnte zum Herzen bin freie Bahn . Ein derartiger Druck w
regelmäßig aufdie Venen bei Contract ionender ben ach b a r ten M
d u reh die Verd i ck u n g der Mu s k el n ausgeübt und so der B

'

in denVenen befördert . Daß das Blut aus der geöffnetenVene stär
vorquillt , wenn die Muskeln bewegt werden , s ieht man beim A(

Abweichende Anschauungennhor die Blutbewegung in denVenen und die ]

der Vmenkluppen siehe bei Leddrrhosr ‘“

Bei der S treckung und Anßenrollung des Oberschenkels e

und kollabiert die Schenkelvene in der Fossa i l iaca unter nega tiven
druck

,
beim Bengen undF.rheben fällt sie s ich strotzend un ter ste

Drucke. Durch diese pumpensrtige Wirkung wird das Blut (mit E
Klappen)aufwärtsgelei tet . EtwasÄhnliches findetbeimGehen ststt(Brc

65. Die Blutbewegnng in den kleinsten Gefäßen .

Methode. Die Strombewegung des Blutes innerhalb der kleinsten Gefäße
ziinatig eu Objekten di rekt nnikmskopisob beobucbtet werden. (Malp iyhn

'

bwbechh

(1661 ) den Kreislauf in den Lung eng e t' iißen des Frosches.) Als O bj e k t e sin1

fi r du r eh i
'
a l lende s Licht der Schwanz von Fmsvblsrveu und j ungen Fi!

Sebwirumbaut, die Zunge , das Mesunh rium oder die Lunge curarisiartsr P r ö s en



in dern pgrivgsfl däm Gov ebe fortznwandern(Fig . Es ist zweifelbatt , 1

Kerperrbee durch die _

“W vorbandmen nm m am S t o rna t a sum :

oder ob sie «mw»zwi schen denM theli eu durch die summ binden
ce49. n». Hering beobach tete, d.ß sogar unter m rmnlen Verhältnissen m
Gelißen, welche vonLymphri urnen umgeben sind. die Zeilen in letztere eintreten
dns Überwunderu weißer. Ja sogar einiger roter Blutkärpercheu aus den kleinen!
in die Lympbgefiiße für einennormu1enVorgeug .

66. Töne und Geräusche indenGefäßen .

Arterien. In der 0emtis (seltener in der Subclavia ) hört men in
aller Gesunden zwei deutliche Töne, welche nach Dauer undHöhendill’ereu: denbt
timeu entsprechen und durch Fortpflanzung des Schalles vom Hm m entstehen:
l e i t e t e H e r z t öne“. Durch die bei der systole des Herzens entstehende starke
der Geßßwnnd kann aber auch in d e rn G e fä ß s e lb s t ein Ton, entsprechend ;

Herzhm, entstehen. Mi tunter ist nur der zweite Herztou allein vernehmbar ,
stebungsort der Cum tis näher gelegen ist.

i
‘

bt manauf eine beschränkte Stelle einer stärkerenArterie, z. B. der A. crnr:

D r u c k a u s , der so in seiner Stärke bemessen sein muß, daß nur noch eine d
des Immens fiir den Durchlauf des Blutes übrig bleibt, so entstehen die sog. !
g e r ä u scbe. Es dringt dann durch die verengte Stelle mit großer Schnelligkeit
ein feiner Bluhrtrabl in die hinter der Kompresä onssteü belogene weitere
Schizxader, der als „Pr eßsfl a hl

“
die Flüssigkeimteilcben in lebhafte Os z i

und Wi rbe lheweg ung en versetz t und h ierdurch das Geräusch in der per:
weiterenBöhrenpsfl ie erzeugt. Analog vorbttlt es s ich an Knickungeu, scharfen
und Soblflugelungen der Schlegedern.

Ein Geräusch dieser A rt ist auch das an der Subclsvis beim Pulse mit
bare „S ubolafl cula r g e r itusoh

“
. Es entsteht durch Verwachsungem der beit

Mütter an denW h en (namentlich bei Imngm kranken, w

A. subclavia durch Zerrung und Knickung eine lokale Verengerung erfährt, die

an der Verkleinerung oder am Fehlen der Pulswelle in der Radiulis (Pulsus
mitunter nachweisen läßt. In gleicher Weise entstehen Geräusche
Arterieurobr an e ine r S te lle e ine p a t h o log i s c h e E rw e i t e r ung (An
besitzt, in welche h inein der Blußtrcru von dem normalen engen Rohre aus si

b) wenn seitens eines Orgmws auf eins Schlagader e in D r u c k uusg efih t

du rch den stark vergrößerten Eterne in der Schwangerschaft oder durch einen
erzeugten Tumor.
N icht genauer hins ichtlich der Art ihrer Entstehung bekannt sind das zi et

Geräusch indenzahlreichen, stark gewundenen, erweitertenArh riengti mmenda er

(Items („U t e r in oder ferner das viel weniger deutli
beiden Arteriue umbilimles, „Nabelstrang g u itusch

“
, des an den diiuuwundig

bu t der Hälfte der Säuglinge hörbare „Ge b i rng e r ä uscb
“
. sowie das Geritus

krankheit vergrößertenM i lz und das Schwirreninder S c h i l d d r ü s e bei Morbus

2. Venen. De s Nonneug er i uscb. Oberhalb der Claviculn, indem
zwischenden Ursprüngen der beiden Köpfe des 8 ternorleidomnaatoideus, und am

iigsten rech ts , vernimmt man bei nnämiscben und chlorotiscb0n. zuweilen aber su

senden Menschen entweder ein kontinu ierlichen od er ein der D i a s t o le des Re:
auch der Ins p i r a t i on entprwboudes rhy thmisches Geräusch von eausendem odc

dem, selbst nisdnendem oder sing cmdem Charakter, weiches innerb des Bulbus der
lnris communis ents teht undalsNonneng er ä u sch (Nonne Bmmmkreisol) bezei

Die U r s a c h e des Nomnenm äuscbes liegt in dern wirbelnden E inströmen des

dem relutiv engenTeile der Vena jugularis eornrnuuis in den darunter liegenden,
Bühne derselben. H ierdurch ist es verständlich , daß D r u c k 1mgüustigeud für da
des Geräusches wirk t, ebenso 8eitenwsndung des etwas erbobeuan Kopfes . Aue!

Sc hne ll i g k e i t des Blutstmmes wird die Intensität des Geräusches ges teigert
erklärt es sinb, daß di e i ns p i r a t i on und die D instole des Herzens (beides d
Strom befördernde Momente ) dus Nm engerä usob verstärken. Dasselbe gilt vonda
Wirkung der aufrechten Körperhaltung.



terment verseme eu. as nut neren mi t gutem tt ste ti l

fundiert
,
das nicht defibriniert

, sondern durch Zusatz von Bluteg
ungerinnbar gemacht worden war.

Infolge der znhlreiohem ßedenken, die einer Trausfusion
entgegenstehm hat man häufig mit gutem Erfolge statt dessen
sionen e i n er i s o t o n i s ch en K och s a l z l ö s ung (vgl. Era.

ausgefüh rt . D iese können an sich zwar keine belebendeWirkung
sie können aber doch auf rei n mechaniscbem Wege die K reisler
nisse bessern . Nach einem größeren Blutverluste vermag das 1
Rest des Blutes nicht mehr im Körper umherzutreiben

,
weil das E

sy stem zum Tei l n i ch t gefü l l t ist ; wirdjet2 t dureh eine Kocbsniztr
die Menge der im Gei

‘

ußsystem vorhandenen Flüssigkei t wieder
vermeh rt , daß eine Blutbewegung durch die Hentä tigkeit möglic
rei chen eventuel l die noch vorhandenen roten Blutkörperchen aus.

Leben zu unterhalten Kroneclrer u. l n F311
g radigenBlutverlustes frei l ich , in denen die noch vorhandenen Bl
eben unzureichend s ind

,
kann natürl ich eine Kochsalz-Transi'n

Blut-Transt'usion nicht ersetzen

68. Vergle ichendes .

“
'

i r lm 1t i e re. Das Herz der F i s c h e (Pig . 51 , sowie der k isme
La rv en d e r Am p h i b i en ist ein e infa c h e s. v enö s e s : es bes teht aus Ve rb:
Kammer. Aus der Kammer fließt das Blut zu denR iemen, vond iesen arterialisis1

es sich zur Aorta , fließt in alle Körperte ile und kehrt endlich durch die Körpq
und Venen, die sich zu einem Venensinns vere inigen, wieder zum Vorhof zurüc
A m p h i b i en (Frosch , 11) haben z w e i Vorkammern und e ine Kummer. Al

entspringt nur ein Gefä ß , welches die Arteriae pulmouales abgibt und als Aorta
Kürpemrgsne versorgt. Die Venen des großen Kreislaufex vereinigen sich zu ei:
sinus. der in den rech ten Vorhof führt. die Venen des kleinen Kre islaufes m iin
linken Vorhof. Bei den Amph ibien und te ilweise bei den Fisrhen (Ganoiden, Ph

Dipuoern) entspringt die Aorta aus einem selbständ ig puls ierenden11enshsrhnitt, 1

cordis oder (‘mnus nrterimms. Bei den R e p t i l i en (i i i und IV) srbrei tet die
Herzens in eine rechte und links Hälfte wei ter fort . indem auch die Kamm
Abteilungenzeriä llt. Die & beidewund der Kemmer bleibt aber bei denSchlangen,
undSch ildkröten durchbrochen; bei denKmkodilsn ist sie volls tändig. doch bleib
eine Kommunikation (ForamenPsnizzse) zwischen linkem und rechtem Aortenhoge
Alle V og e l und S äng e r haben, wie der Mensch. zwei getrennte Vorkm
zwei getrennte Kammern. Das niederste aller W irbeltiere , A m p h io x u s ,
domnlen und ventrulenGefißstsmm. welche du rch zahlreiche Q uem blingen vorbu

einzelne Abschni tte dieses Gefüßappsrutes pulsieren, ein eigentliches Herz fehlt.
W i r b e llo s e. Bei den Tuni c a ten findet sich ein ander Ventralseite «

gelegenes Herz , die Blutgefäße führen in Lückensy eteme der Leibeswnndum
.‘i o llusk en haben ein deren] vom Darm gelegenes Herz , welches das von den
organen kommende arterielle Blut aufnimmt und in überwiegend geschlossene
nach den Organen h inleitet . Bludecnnen sind in den Verlauf der Gefäße aber er

gesrbnltet. wo wie bei denPepbulopodenA rterienund Venendurch Oapillaren verbu

Bei den A r t h r o p o d en bildet ein an der 1k»rsuleeite des Durmes verlaufend
tiler Längsscblsurh‚ das sog. dns 0entrelorgun der 0irculatim
ist in meh rere Abschnitte (Kammern) geteilt. von denen j eder durch eine rechte
Querspslte (ven?ise ()stien) das zum Herzen strbmeude Blut aufnimmt , durch oi
Ofinmg (Aorta ) wird das Blut rhvtbmisch iu

stoßen. Geschlossene Geßßbahnen
.

fehlen.

Die W ü rm e r haben zum Tei l tiber
“M Ü|flli „bee vorhanden, um voiistämi igeteuOs mm'

be} andere" ist em 3019
es mntrsctiiee Gefäß. welche durt
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nes gr00eren. die Alveo1nW deu (ießßen 8 Du el einer
Zellen, ke rnl°oe PIMteben‚ 8 große, vernehmolnene , kernloee Plutten. 0 ?1M

W ellen und unter denselben lieg enden Oep iilnmn. D Alvoote . denn ein
Lungene p itbelien und PW bekleidet lot . E A1noh . deren Bew nu m elle

einstiseher Bu ena (ff) dnrueetei it ist.

B. D a s S y s t em d e r B roncbi alg efäße (großer Kreislauf)
nl hrungematerie) rnr das Atuzungsorgan. Zw i s c h en denV e r z w e i g ung
b roneb i a les und pulmonnl i s bestehen vielfuebe Am terunsou (Zowke
dm Cspillurcn bom rtreteuden Gefä ße gehen teiis in die Anflnge der
über (aus diesem Grunde haben alle erheblichen 8tauungon im kleine
Stu m m in dem Blutlaufe der Bronchialschleimhsnt. verbunden mit 1
mr ?oigs ) teils bilden sie besondere Venenbnhnen, die fl s =re b

hinterenMediu tinalrnnm in die Stimme der Vv. esygos . intereostales

durebmgen; um di e gr!)a Bronch ien. die Im genlflppehm und die 0

Sich ein M M . unregelmäßig” Li lliphgefäßuetz (Müler
'
) Dns se



N\Sß\\ßn Lungefl
oberflä

.

ßhe und Brustruuminnenflttcbe (Pne urn
We b e t refiende L““ge Ist hierdurch fiir die A tmungstä tigkei t lt
den9e\seitiger Pneum01horux z ieht demnach den Tod nach s ich .

An menschlichen iß10hnnmen kann man die Größe des elastischen Züge:
in der Weise messen. daß mandurch einen intereostnirnum einManometer bis in
raum einfügt, oder indem man das Manometer indie dumbschnifinno Im ftrÖb
und nun doppelsc itigß Pneumotborax macht. Nach letzterem Verfah ren (und

bei Exenirstiow stellm g 6 mm , bei inspirationssüdltrng bis 30mm [13 . A
fund .4ron“ bei ruh iger Inspiration bei ruh iger Exsp iruticm mm Hg

Werden mit der inspirutorischen Erweiterung des Brustkz
gleich auch die Lungen ausgedehn t, so würde falls für diese
n äch s t die G l o t t i s gesch l o s sen w ä re eine Verdünnung
innerhalb der Lungen stattfinden. da sich j a das Volumen diese]
ein größeres ausdebnenmüß te . Würde nun plötzl ich die Glottis
so würde die shuosphärisebe Luft so lange in die Lungen ei

bis die Lungenluft gleiche Dichfigkeit mit der Atmosphäre erlangt
Umgekehrt : werden mit dern Brustkorbe bei der Exspira tion
Lungen verkleinert , so wiirde falls wir uns zunächst ebenso di«
r i t ze gesch l o s sen denken die Lungenluft verdichtet , d . l
klei neres Volumen zusammengepreßt . Würde nun plötzl ich die C
öffnet , so würde sov iel Luft aus den Lungen entweichen , b is i
außen gleicher Druck herrschte. Da beim gewöhnlichen Atmen d
ri tze efl

‘

en steht , so wird der Ausgleich des verminderten oder v«

Luftdruckes in der Lunge bei der In und Exspirat ion allmä h lich
Aber auch so noch herrscht während der ruh igen Einatmung ein
negat iver

,
bei der Ausatmung eingeringer posi tiver Druck in derL‘

Setzt man bei Tieren ein Manometer mit einer se itlichen '

1‘raobenh fl
‘

nu
b indung. während die A tmung ungeh indert bleibt, so zeigt sich bei j eder B inz
negative . bei j eder Ausatmung eine positive Druckscbu*

snkung . Fiir den ) 1«

Dondrrs " den Versuch in der We ise modifiziert . daß er bei geschlossenem
l
'

»fiirmige Msnometerrobr m it einem a enlocb verband bei Ufl
'

enhnlten des :
nun ruh ig in und emp ir ierte. Er fand . daß be i j eder r u h ig en i ns p i r a t i
einen neg a t i v en D r u c k von I nter anze igte , bei j eder Er sp i r u t i on e inen
von 2— 3 mm. Aron beobach tete bei Operierten mit '

l
‘
rnchea lfistel bei der Ins;

bis mm Hg , bei der Exsp ira tion bis + 63 mm Hg ; (be im 8 p r e c
die entsprechendenSchwankungen 6 und +7. beim Husten — 6 und

Mund. und die eine Nasenött’nuug geschlossen sind , so daß das in der anderenh”

befindliche Manometer allein mit dern Respirationskanule kom muniz iert , und nu

energisch in. und exsp iriert wird . so be trägt der größ te 1nspirntionsdrnck — 57m

der sürkste Exspirationsdruck 87 (82—1W) mm
Trotz des höheren Exspirationsdruckos darf nicht gemhiossen werden, d

atmungsmuskeln kräftiger wirken als die Einstmungemuskeln. denn es muß b

stawug e ine Reihe vonW iders tänden überwundenwerden, so daß nach 1'berwälti
nur noch ein geringer Kraftaufd ftir die Aspirntion des Hg übrig bleibt. 0
stünde sind 1. Der elastische Zug der Lungen; 2. Das Emporbeben de
des Timm ; 3 . die elastische '

l
‘
nrsinn der Rippenknnrpel und 4. das X i

der Baurbeingeweide und die eisstisnbe Dehnung der Bsuchwsndnngen. A lle (1

stünde wi rken bei der Ausa tmung unterstützend Fiir die Exsp irationsmuslreln. 11

hierauf kann es keinem Zweifel unterli egen, daß die gesam te Kraft n11er
g r ö ß e r ist als die tiller Exspirntcren (vgl.

Der im Abdomen herrschende sogenannte „Abdom ina ldr uc k
“ wird anti

den Atmungsvergang beeinflußt : doch gehen die Angaben darüber. in welche
sich bei den einzelnen a ssn der A tmung ändert , noch sehr auseinander. Nach
ist das Vorbslten des Abdominaldruekes davon abhängig , ob die Tä tigkeit des
oder die der Bauchmuskulstur bei der Ahnung überwiegt .

W ird bei forderter Einutmung die Luit in der Luftfl 1bre verdünnt, so ve

m kt
'

nzt sieh die Trachea nebst den Bronch i ; umgekehrt ist das Verhalten 1

spiratim Nc

'

rm
'

3 r vg l.
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I. Bei ruh iger A tmung
bewirkt die Verkleine

_

rnng des Thoraxrsurnes lediglich die S e in
Brustkorbes , sowie die El a s t i z i t ä t der Lungen, der Rippenknc
der Bauchmuskeln .

11. Bei anges trengter A tmung w irken:
1 . Mm. in tercostales in terni (sowei t sie zwischen denRippen )

l iegen) und Mm. infrecostsles (Nu. in tercos tales).
Die Bauchmuskeln (Nu. abdominis interni Si\' e unterioree

intercostalibus VIII.

3 . M. triengulsris sterni (Nu. interm tnles).

4. M. serrstns posterior int’erior ex teriores nervorum dc
5. M. lumborurn(Rumi musculures e plexu lumb

77. Wirkung der einzelnen Atmungsmuskeln.

A. inspiration. l. Das Diaphragma mm eine gegen den
g ewti i b te Dop p e lk a p p a l dar. in deren größerer. renhb sei ä g u Konknviä t di.
deren kleinerer. Milz und Magen liegen. In der Ruhe werden diese
durch die F.iasfizi6i t der Bauebdecken und den intrusbdom innieu Druck so gegen
Fläche des Zwerrbi'eils angedrück t , daß dieses sich in die

'

l
‘
boraxhöbls hineinw

der einstieobe Zug der Lungen beiträgt. Der Mittelteil des Zwarchi’eils (Centrum
ist oben größ tenteils m it dem Herzbeutel verwachsen. Diese Stelle . auf welche
ruh t nnd die mm der unte ren Hoblvene (Pornmrn quedrilnt»rurn) durrbboli rt wir

rubendenZust:

m._

mehr gegen 4

raum herab
Zwembt

‘

eilabgt

lieb als die ti

des Mittelteiim
nen

Bei 6

t ra ct i o n
b e i d e 1

des Zwe

a bg eflsch

der Brnstra
unten hin 1

H ierbei geh
säehlieh di

lenmuskulii

a tnlechnitt dureh den Tbornx en der Sp itze der 12. Rippe (1 2. C) aus dem g
j edem iä zur Demonst rntimn de r Ga rni t do! Zwa cb ioi le in dcr Envi re Zü3 1&fldß
tion (2020) und in der Inep in tion (Zi—ZU. 7%»Te Thornxn nd im Em

evirnüm ndium ‚ i in der lnp i rerion. C! Centrum tendi eonm . Die “18111“ Cham
We i le ze igen die iurp i rnt°riecb e rfolge“ ! Bic fl l ' B°* m ll8 im. W01)6 1 818

gleich von d
wand

,
der sie in der Exspireti0n unmittelbar anl iegen , abheh

des Cen trum tendineum
,
wo das Herz ruh t

,
nimmt bei rui

an der Bewegung keinen erhebl ichen An teil
,
bei tiefster In

jedoch auch sie sich nachweisl ich .

Bei borizeutnier Lnge und zum Beieuebtnug kann man, namentlich be
oft die Bewegung des Zwercbi'eiis d irekt sehen in Form einer W0uenfiifm ilt°n

im 6. In%l raum want und j0 n
ach der Tiefe der Inspiration

M iri am abwä rts durchläuft (U ltra
6 ch “um den T926“ ZVW Ü1011 kann außer diät Erw0iw“

:ä :
“

indem es uämi ic
(ii?

unterenTeile intruusversaler Bifbma—„se seitlich aum m icben und

Eingeweide desAbdomens drückt‘ such
eß



Fig . :
‘

i7. (\inko S
f

ßäzh
der Fizm ) zeigt, daßbe i Hebung der S täbe nich die

verkürzt : \i k< g M r der lntem ntnles extern“. Im sich jedoch ve
m < om —Mm ze igt. daßdio durch angedeutei

cnrfi lng inai nnd die durch M rhnetenIntum stales extern} nich be i Hebung dv
Bei Helomu: R‘pptm würde nämlich die huge diem Muskeixflgo

k ür z e r gewordenen Diagonalan der pnnktiericn Rhombenm im»sein.

S t r e i t üb e r di e Wi r k ung de r inte rco stnlmnsk e ln ist und!

(1330—20) h ielt die Externi für 1nsp irntnrcn. dir lntcrni filt Exxpirai

Ilm 'nrgn (1727) schloß sich (nach ”
'

illix
'

Vorgange) d ieser Ansicht an, er he

mwh noch die lntorcartilng inei ala lnnp iratoren. A . r . Haller (llm brry ers enter
Gegner) betrachte te Interni nnd Externi beide für Insp irat»run; l

'

nm lina (1340
h ide fiir F.xsp imwren an.

Nach Landoix ist es eine wichtige Aufgabe der Externi nnd Interrartilng i
ünpirainriscbcn Dehnung der Intercostalränmn und dem gleichzeitig verstärkten eh

Zuge der h mmm entgegen zu w irken, Aufgabe der lnterni . bei sta rker Exspiratiom
u.. B . Husten) der exsp imh riscbcnDehnung Wideratnnd zu leisten. Ohne Muskelgagor
würde auf di e Dauer der m nataerhrorbone Zug und Druck die lntercoatalsi ibatanz

Be i ruh i ger A tmung sind die Mm. interoostales externi n
[Mem rfilag inei a l le in als Rippenheber tä tig.

Die Mm. lev a t o res co sta rnm long i e t b re v es‚ die wohl auch als Rip
nfgofhhfl werden, können nis solche überhaupt nicht in Betracht kommen: den
h int e r der Drehungsarhso der Rippen angreifen, könnten sie nur dazu d ienen, di
zu senken. Da sie jedoch ganz dicht an der Drehnng snchse angreifen, könnten sie

diesem Sinne nur eine sehr geringfügige W irkung nn.eiiben.

B e i angestreng te r A tmung kommen als Rippenheber die S

und der S e r ra tu s po s te r i o r su pe r i o r hinzu. Der S e rra tus an

magnu s, P e c to ra l i s maj o r undm ino r vermogenzur Hebung der
nur dannmitzuw irken

,
wenn die Schultern unnachgiebig gehalten v

teils durch festes Anfetiitzen der Arme, tei ls durch die Mm. rhomt

wie an Atemnot Leidende es instinktmäßig ausführen.

3 . AufBrustbein, SchlüsselbeinundWirbelsäulewirkendeMu
Bei fixiertem Kopfes(durch die Nackenmnskeln) kannder S ternoc

mnstoide t1 3 durch Emporziehen des Manubrium sterni nnd der Ex!
sternalis der Clav icula den Brustkorb w irksam nach obenhindnr
porhebenerweitern, die Sc a l eni somit unterstützend . Inähnl icher
jedoch weniger erfolgreich

,
kann die CIavicnlnrineertion des T ra l

tätig sein. Eine S tre c k ung der Brnstw irbelsä nle mnßo ein

hebnng der oberenRippen undErweiterung der Interm talräume zu
haben. Der Tra pu ins

,
die Rh omb o i d e i

,
der Le v a to r g en

können schließlich dadurch unterstützend wirken. daßsie den Brt

vom Drucke der oberen Extremität entlasten.

4. Bei angestrengter Atmung w ird mit jeder Inspi ration ein8

des K eh l k o p fes und Erw e i ter ung der S t imm r i tze beobachte
gleich wird der Gaumen stark empo rgeh o b en, um dem durch de
eintretenden Luftstrome einen möglichst fre ienWeg zu bere iten.

5. Im G e s i e b te prägt sich die forcierte Atmung zuerst durch
ratm ischnErweiterung der a enlöd mr ans(Pferd , Kaninchen). Bei hi
Atemnot w ird die Mundhöhle unter Senkung des K iefers bei j eder
rati on erweitert

B.Exspiration. Die ruhigeAusatmung verläuft ohne Muskdwi
zunächst ledigl ich bedingt durch die S c h w ere des B rustk o rb es, v

aus seiner erhobenen Stel lung in die tiefere Exspirntionslage zurtic

80dannWirkt die El a s t i z i tä t verschiedenerTei le unterstützend mit.
Erhebung der R i p p

enknorpei‚ welche mit einer leichtenDrehun;



der 6 . Rippe‚ in der his zum obemnRande der 7. Hinw; l in

N eu von da: la ge “neue ) die untere Lunznng renzo vorn gleicinvci
955 68 neigt die Linie 0 b die untere Grenze der rnhemlen Lungau
rei chen beide Lnngen bi! mx 10. Rippe. Während einer möglici st t i efen
M m die Lungen vorn iiber die ii. Rippe abwärts bis zur 7. nieder ; 11
1 1 . Rippe . wobei sich das Zwerchfvll von der Thornxwand ahhobt. Bei 9

np i r ut i onrücken die nntcronLung enründer fast ebenso hoch empor, als sie

rution sinken. (In Fig . 58 zeigt m u die Grenze des rechten Lungenrandos be
n tian, h l bei völliger Exspiration. )

Besondere Beachtung verdient die Lage des linken Lungenrandes zn:

Fig . 30 ist die inet dreiedxige Stelle von der Mitte des Ansatzes der

6 . Rippe links vom Sternum sichtbar, an welcher das Harz bei ruhendeni The
wand direkt anliegt. In diesem Bereiche, welchem das Dreieck in Fig .

dio Perknxsion dio . ll erzle c r e
“

, d. h. hier herrscht völlig leere]

Fig . 58 .

Topom ph io der Lancom nnd Hem m u n be i der In und E! !p i t l &ifiß nnch

Im Bereiche des größ ten Dmieokas d d
'
d“

, innerhal
relntiv dünne Imngomn dns Here von der Brnntwand nennen (vgi . Fig . 8

Port ussion ,.ge d äm p fte r“ 801181] zu Ea t nach außen davon ist

, Lnngonachall
‘

. Bei tiefere? Inspim tion sch iebt m'

cb nun dar innere Rand der
völlig iie das Em bis zur denMedinstinnms (vgl . Fig . v adarcl

bis auf dns k1nine Dm
'

eek i eingeengt wird. Umgekehrt weicht bei stä rkei
dar IM genmnd so wei t zurück , daßdie denRaum e e

‘ nmi
’

nßt.

79. Abweichungen
vondennormalen Sehnllverhä ltnfiesnn m Brust]:

And eu t ungen über die Pu kuw’nn (audi des Unh rloibm) Im en
.Arc£m a (8 1 n. 0hr.) zurückfi hren. Der oim flkho Er find er ist jedoch

dm m ndlegondo Arbeit (1781) namm von Pierry und Sie
wurde ; letztem mhuf dio p hy si kuli sch e

'
l
‘

bwrio den

Im Bereiche da Lungen wird der sonst v o l l oder lau t er!

kW omnehfl ged äm p ft , wm omtv oder dio Lam m in geringem oder
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ln und Bxspinuonsv m s M urau ni ederh ingende Gaumea 1

scbiotternde BewegungenVßrßetzt. Meist im Schlafe unwi llküriicb ; auch w
6. Gnrg elnt besteh t indem geränmhm lien, langsamenHindnrc

Em pirntionelnft in Blae<m
f0rm durch eine bei rückwärts geneigten! Ko

zw ischen Zunge und Wfll€hßlll Gaumen gehaltene Flüssigkeißmanse. Willkü

7. Weinen Durch Gemütehewegungen hervorgu niene, kurze. ti
gezogene Exep iratinn0n bei vet ean Glottis , em blafl

’

ten Gesichts und Ri

unter der M. zygomaticus minor tätig), unter Tränensekretion‚ oft mi t klagende
Lauflinßernngen verbunden. Bei intensivem , längerem Weinen entstehen ste

lieh erfolgende nnwilikiirliche Zwerchfeileontrartionen, welche dnmh ven

einanderschh gender 8 tirnrnbänder das als Sch luchzen bekannte ins
erzeugen. Nur nnwillkiirlich . Das so hä ufige 801110a in der A gone 11

dureh eine Reizung der beim Absterben hochgradig erregbaren Nu. pu
elektrischen Vorgänge bei der Oontrnciion des Herzens zu erklären. S
gedehnte Atembewegnng mit meist klagendem Lnnte‚ oft unwillkiirlich d
Aßekte erregt.

8 . Lachen Kurze, schnell erfolgende Exspirationestüße durch di
Tönen gespannten, bald genüberten. bald von einnhder entfernten S timm

unter charakteristischen, unnrtiknlierten bauten im Kehlkopfe rnit Erzi ttn

Gaumens. Mund meist oii’en, das Antli tz durch W irkung des M. zy gometi

des M. risorius) mit charakteristiechem Zuge. Meist nnwillkfirlich dureh V4
schwache sensible Rei ze (Kiue1n) erregt und durch den W illen (durch
schloß nnd ferner auch durch schmerzhafte Reizung seneihle
not

‘ Zunge oder Lippen). jedoch nur bis zu einem gewissen Grade
unterdrücflmr.

9. Gähnen Muggezogenes. tie£es, unter sukzessiver Anh ietnn
spirntomn erfolgendes Einatmen bei weit geliflnetem Munde sowie offenem
Glottis ; Exspiration kürzer. beide oft mit langgenogenn , gedehnter, charak
iinßerung , auch unter nl]gerneinunStrecken undBecken. Meistens unv illkfiri
Schli frigkei t oder Langeweile, doch auch willkürlich nachzunhmen.

84. Chemie der Atmung. Methodender Unteren
respirntorisehen Gaswech sels. “

Die Untersuchung des reepiratorischenGaswechsels erfolgt in verscb

nachdem man das Verhalten des Gaswechsels während eines längerenZai tra
und mehr) oder wiihrend kürzerer Zeit (15Minuten his 1 8 tnnde) test

ersteren Falle muß natürlich die Versncbepereon oder das Veruncbstier

ge sc h loss enen Ra um e befinden (B es p i r a t i onsa p pnr a t) ; die da

bedingten Veränderungen in der Zusammensetzung der Luft dieses Ranme
sucht. Hi erbei wird außer der Lungenatmnng auch die Perspiration dureh
fwtgeetellt. Soll dagegen die Untersuchung des Gasv ecbeels anf kürzere
werden, so genügt os, die Versuchsperson oder das Versuchsüer dureh
atmen zu leanen; durch geeignete Ventile wird dafiir gesorgt , daßdie
Ausntmungeluft durch zwei getrennte Rohrleitungen streicht und so unteren

1. Untersuchung des respiratorischen Gaswechsels
Zeiträumen. Die Respirationsapparate. nRegmw lt n. E

(Fig . 59) besteht aus einer Glocke (R) , in welcher sieh das Vorsnchetier
(Um dieselbe herum ist die Zy lindu hiille (g 9) gesetzt , die eventuell zu

Vm ueimn benfitat werden kann, wozu bei t einThermometer angebracht is
(R) führt znnflchet das Rohr c, welches die (inFig . 59, O) gemessenenM
M (weicher in Fig . 59 CO

,
die noch etwa beigomieehte Kohlensäure nn

soil) anleitet. Das Mafigßfiifl fiir den Suum toii
‘

(0) wird durch eine Chiara
der mit großen Flaschen versehenenChlorcnlciumwanne (CuCl‚) nach R 1

B aus fiihren (lie Röhrend und a, durch Kautschnkröhrenmit den komm
M en(KOH, kalt) verbunden, welche durch einenWasebalkm (w) abv

gehobenWurden. Hierdurch u pirieren sie
1

3383
"immi hierbei die 00, auf. Naeh (lem tb achte

M endm *"1enge der ausgeatmetenCO, . Die
m



d" “m uch“ ; dee reupi fi <tu

n. Untersuchunu des respiratorischen
Zeiträumen. Spu k

”
ließdie Unterm ehnngspereon a

welehe Ein und Am m““8ünfi W humdn trennen. ut

mm einniaum, die A08aünungeiufi wurde in einenm den

ntmet ebenfalls die Versuehspereondurch einMundstiieir

atmungniutt gesammelt und diese zum Schluß analysiert.
Jagen!

" hat einenRespirationsa konstrui« t
in einem großen iuttdioht eehlicßendon e nufhiilt .
Zei träume gemessen werden kann. Von der dureh den V
M inh wie bei dem Zn»!t - Crpp cr£schen Verfahren, 9:

Schein. der B oep in tioneoppentee von e. B

sammelt ; im Laufe eines 24sfiindigenVersuches werden
aueh der Verlauf des Geswechnels während der Versuche
vereinigt somit die Vorzüge der 31ethodcn 1 und 11 mitei

85. Zusammensetzung undE
der atmosphä ri schen1

l . Die tro ck ene atmosphä rische Luft en
Gasart Voltime11prc

Sauerstofl
’

Stickstoff

Argon.Krypmn, Neon



3
—w m u u u ug ru u l ß. u m nm prra w nsv uo q uu u vu t .

4. Die Ausatu
_

mngsluft ist be i ruhigem AtemholenmitW as s

g e g ä i i ig i (aazeottfl
°
‚ Loewy u. Gerha r tzn). Infolgedessenw ird

s e lndem Was s e rg eh a l te der a tmo sph ä r i sc h en Lu ft der
verschiedengroße MengenWasser durch die Lungenentleeren. Bei

Atemztigen sinkt der Prozentgehalt der Am tmungslui
‘

t anWasser.

die T empe ra tu r der Umgebung hat einen Einfluß auf die Gr

Wasserabgabe : be i 15°C l iegt einMinimum
,
von hier abwärts si

Abgabe mäßig, aufwärts j edoch steigt sie rasch
b . Die Ausatmungeluft hat eine z i em l i c h h oh e Tempera tn

Loev u. beträgt die Temperatur der Mundausahn
zw ischen 32 und die der Nasenausatmungsluii ist niedri

Mi ttel 322 0. Die Werte schwankenmit der Atemtiefe und dern
1umennur in sehr eng en Grenzen.

6 . Noch Reguault u. Reiset sollte N in sehr geringenMenger
Ausatmungsluft vom Körper abgegeben werden; dieser Befund
anderen Autoren bald bestätigt. bald bestritten werden. Nach den
Untersuchungen von Krogh " u. 0ppenheimer “ kann es keinem
unterliegen, daßdieser Befund aufVersuchsfehler zurückzuführen in
N w ird vom Körper durch die Atmung ni c h t abgegeben.

Nach Versuchen vonMng uwe
" w ird von der lebenden Lunge weder Am

n sorb iert‚ noch aus drm Blnte (in weiches es inj izint worden war ) in die Ausut

a bgegeben. Nach Ilöbrr " findet jedoch eine Aufnahme von Ammoniak aus den

in das Blut tatsächlich statt ; daßeine Abgabe aus dem Blnte in die Alveolennici
w i rd nicht etwa durch eine Undurrhg äng ig keit dcr A1veolarwnnd fii r Ammoniak
sondern durch die außerordentlich große Absorbierbarkeit des Ammoniak8 inWas

7. Geringe Mengen W a s s e rsto ff und S ump fgas (OH.)
vom Darm aus resorbiert

‚
werden in der Ansatmungnluft enges

a kr fand heim Kaninchen pro Stunde und Kilogramm Körpergewi'

bi s cm“ Wassea nnd cm’ Snmpfgae. Beim Pferde bestimmten
Lehmmm “ denGehalt der Exep irntionsluft anWnawmtoil’ zu und an Sur

11.038’l, im Mittel. Be i W iederkäuern sind die in der Empirntionaluft enthnitene
Wasserstoff und 8 umpfg as wesentlich hoher ; Hm m berg u. Pfrifi

'

rr fanden heim
daß des m aw ton nhgegehenen Kohlenstofl’

u nie Sumpfgas ausgesch iedenm
Die durch Kä lte kondensiertenWannerdä mpfe der Exsp irntionsiuft m a ne

schen wirken isn1wutan) g i ft ig (Brown—Ségua rd durch die (
e iner ti iirhtigm Basis (R. oder von Ammoniak , welches sich nie Ze

produkt in behien Zähnen oder in kranken Luftweg<m b ildet

87. Der reSpiratorische Quotient.

Wenn der in der Atmung aufgenommene 0 einzig und alle
verbraucht würde, um den C der Nahrungsetofl

'

e zu 00, zu ver!

so müßte das Volumender abgegebenenCO, gleich dem Volumen
genommenen sein (gleiche Volumina O und 00, enthalten gleic
Mengen Da aber mit dem aufgenommenen0 auch noch und

stundteile der Nahrung verbrannt werden (H zu N zu H
8 zu Schwefelsä ure so wird unter gewohnlichnn Verhaltnis
Volumen der ausgeatmeten CD, kle iner seinmiissenals das des an

menen0
,
das Verhältnis oder „der r esp i ra to r i sc h e Q u o t i ent

k leiner als 1 . Wie groß der respirator ische Quotient im speziell<
ist , hängt in erster Linie von der Art der im Körper verbrez

N
_

ahrungsstofl
'

e ah, Die Kohlehydra
tß z. B. entha\ten im Molekül s

V101 0 nötig ist es wird mithin w
als zu

.

r Verbrennung des H
Wiirdenj a\\er eingeatmeteO



https://www.forgottenbooks.com/join


dynam i s c h e d e r Nahrung sstoft
'

e. Fii r die prak ti

11rnä h rung sverh
ä ltm%e deaMenechen

,
bei denen inder gern

Kost das Eiweiß gegeniiber denN—fre ienNahrungsstoti
‘

en zurücktr
j edoch dieser Einflußder Nah rung auf die Zersetzungen von keine
g roßen Bedeutung , Rulmer ‘” veranschlagt den vollen Tag eswe

Energieva brauchs desMenschen bei mittlerer Kost nur um 7

a ls denHungervmbrauch.

Di r sprzitisrb dynum isrhe W irkung der Nahrungssto tt'e kann nach Ru6nrr
nut die Verdunungaurhoit im S inne. von zurückgeführt werden (vg l. [lei
Rulm «r nimmt zur Erklärung der Erscheinung an, daßbei der Zersetzung der N.

kneife im Körper Energie in zwei verschiedenen, ftir den Kerper nicht gleich
Formen auftri tt , ni rnlirh Wärme , welche als Kruftquelle fiir die Lebensvorg änl
weiter benutzbar ist. und b iologisch ausnutnbnr9 Energie ; der Betrag der b iologie
verwertbnrenWärme ist besonders groß bei der Zersetzung der Eiweißkörper. Die 8 ]
dynamische W irkung ist eben bed ingt durch denjenigenTeil der Energie der Nahru
der bei der 7erse tzung sogle ich als Wärme auftri tt : bei ahnndantn Ernährung, b

aber bei hoher Umgrbungstmnperuh1r kann di ese Wärme überhaupt nicht mehr
Zwecke des Körpers verwandt werden. sie w ird auf dem Wege der phy sikalischen
m üntimr (a. nutani nach außen abgegeben, so daßdie sm: itisrb-dynamischeWirkt:
diesen Umständen voll in Erarbeinung tritt . Bei niedr igen und m i ttleren Temperati
gegen und bei e iner den Bedarf gerade drohenden t rungezut

‘
uhr kann dieee Wit

Aufrecht nbai tung der Körpertemperatur verwandt werden. es w ird dann eben
eprerbender Teil bei anderen Zersetunngen eingespart tOom p ensnt i ons t lu mr i

diese Weise tr itt unter diesen Verhältnissen die spa ifint hfl ynumierbe W irkung ui

oder überhaupt nicht in die Pm beinung ; die Nahr ungeznfuhr verläuft dannohne B
der 7.emetzungm .

3 . Die Temperatur der Umgebung (vgl. Zu unterse
ist das Verhalten der K a ltblii ter und W a rmb l ü te r.

Die Ka ltblti ter (weekselwa rme, poik i lotherme
'
l
‘

iere)
i hre Körpertemperatur der Umgebungetemperatur an; bei höherer
ratur der Umgebung steigt ihre Eigentemperatur und damit zug le1

respirutorischer Gasweehsel und umgekehrt (H.

Die Wa rmbh i ter (g l e i c h w a rme . homoiotherme T i e re)
hal ten be i weiten Schwankungender Außentemperatur ihre Körper
ratur konstant. Erst bei Einw irkung extremer Temperaturdi iierenze
unter pathologischen Bedingungen ändert sich die Eigentemperat
Wurmhliiter ; in diesem Falle verhaltensie sich wie Kaltbliiter : be i 8
Sinken der Körpertemperatur findet eine beträchtliche Vermindern

-Abgabe statt Velten be i Steigerm
Körper wärme (auch im Fieber) eine Erhebung der CO, -Abgahe (C. )

n. Sanders Solange dagegen die Änderungen der Umge
temperatur keine ganz extremensind , ble ibtdie Körpertemperatur der
Hüter annähernd konstant. Dieses Resultat kannnun auf zweifache
erreich t werden

1 . durch ph y s i k a l i sc h e W ä rm e reg u l a t i on. Dabei blei
W ä rm e p ro d u k t i on ganz unverändert , e in Einfl u ß der Umg e l
t em p e ra tu r auf den G a sw ec h se l w i rd a l so ganz v erm iß
K örpertemperatur w ird vielmehr dadurch konstant erhalten, daßd
derungen der Umgebungsternperatur ents rechend die Bedingung
W ä rme a b g a be verändert werden, z. B. urch Veränderungender
der Hautgetiiße, der Puls und Atemfrequenz

‚
der Körperhaltung

,

aueh willk ü rl ich durch Anlegen wärmerer oder dünnerer Kleidun
DieWärmeabgnbe w ird auf diese Weise trotz denVeränderungen d



wie im sp äteren Kifldgf‘am’r'

5. Das088011150111. Bei glei chem Gewicht undgle icher Körp<
fläche habenErw ac h s ene b e i d e r l e i G esch l e ch tes d ense l b enG
nmsa tz (Magnus

-nu. In der Pu b e rtä tsze i t fanden
u. Tigersted!

" die C -Ansscheidung der Knaben bei Z immerrul

3 1 höher als die der Mädchen (stärkere Beweg ung der Kna
Magnus

-Levy u. Falk“0 fanden O.
-Verbrauch und -Ansseheiduu

Knabennur um 6 höher als bei Mädchen. lm Greisenalt

naeh den letztenUntersuchern der Sauerstoti
‘

verbrauch bei Männern
größer als bei Frauen.

Durch die Mens t r u a t i on wird die Intensi tät der Oxydntinnevorglnn u i

e influßt (l.. Während der G ra v i di tii t ist der Suuemtoti‘verbruuch pro Ki1
Gewicht der Mutter und des Kindes unverändert oder höchstens um 3

llm lbnlch

ö. Schwankungen zur Tages und Nachtzeit Wiihren
S c h l a fe s ist der Gaswechsel natürl ich geringer als im wachenZu
wegendes Fehlens der Muskelbewegungsn, der Nahrungsaufnahme
Sondenu. Tigerstedt

” fanden im Mittel für das Verhältnis der CO
scheidung während des Schlafes zu der während des wachen Zus
den Wert Ao si c h ha t der S ch l af k e inen Einfl u ß a

l’rnfang der Verbrennungspmmsm im Körper ; der Umsatz währen
Schlafes ist ungefä hr derselbe wie der Grundumsatz bei absoluter M
ruhe . Benedict u. Cathoart‘” geben allerdings im Geg ensatz hie
daß nach ihren Versuchen die Verhrennungsvorgänge im festen
niedriger waren als im wachen Zustande be i vollkommenster Musk

Im L a u fe des T a ges zeigt die G Aut
'

nehme und (30.-Abgabe
Hungernden und be i Ausschluß wechselnder Muskeltätigkeit) keine v
l ichen S chwankungen (Rubner fl ‘

‚
Magnus-Levy " , be

nahwe von Nahrung bedingt natürl ich j ede Mahlze it eine entsprei

Ste igerung .

im Winte rseh1ufe (vg l. 5 in welchem die Körpertemperatur stur
geseh t ist, die Nahrungsaufnahme nnd Muskeltätigkeit völlig unterbleibt , selbst di
bewegungen ganz suspendiert oder doch außerordentlich verlangsamt sind , findet ein.
m sfl :znng des respirntorisrhen Gaswechsels statt. Am stärksten erniedrigt ist
Ausschei dung : nach I‘

embwy
'“ kann dieselbe be i My oxus anf der Menge ein

im wachen Zustande ausgesch ieden wird . Die O-Aufnnhme wird ebenfalls, aber in
rim rem Grade erniedrigt . so daß der resp iratcrieehe Q uotient bis auf sinke
Beim Erwachen aus dem Winterschlnfe steigt der resp iratoriscbe Ganweebsel in km
bedeutend ; der respiratorische Quotient wird auf erhöht (vg l.

7. Der Aufenthalt imHeilen sollte nach älterenUntersq
eine d i r e k te Erhöhung des respi ratorischenGaswechsels zur Folge
gegenüber dem Gaswechsel bei Aufenthalt im Dunkeln; es dürfte si

bei aber um e ine ind i rek te Einw irkung durch Anregung zu Mus
wegungen gehandelt haben. Wird der EinflußwechselnderMuskeltä
ausgeschaltet, 80 erhöht weder die Einw irkung des Lichtes auf die

noch die Bestrahlung des ganzen Körpers mit Sonn
den respiratorischenGaswechsel .

8 . Zahl undTiefe der Atmzilge
habe"

.

“ f V erb
von und die Bi l dung der CO, 21180 auf di e Verb rennung

1



mugt, die erste Hä ifie (aus den größerenLuftkunä len stamme

CD, enthä lt als die zweite Hä l
Prozent) . Diese Ung1eiehheit des Gasgemengcs in den verschiec

des Atmungsorgunes ruft selbsh eretändi ich eine fortwährende
zwischen den verschiedenenSchichten hervor

,
undebenso endli

denLarynx undNasenhöhlen-e enundder äußerenatmosphä r

und zwar w ird die CO, beständig aus der Tiefe der Lungenblii
die äußere Luft

,
hingegender 0 der Luft indas Gasgemenge

a lveolen d i ffund i eren. Unterstützt w ird diese Diffusion bei
Atembewegungendurch das beständige S ch ü tte lnder Atmungs
der ka rdiopneuma t iscb en B ew e g ung ; im Winte rschla
diwe We ise einzig und alleinder Gaswechsel innerhalb der Lu
halten werden (vgl. S . Für gewöhnl i ch ist jedoch diese
mus fiir denAtmungsprozeßunzurei chend ; es kommt vielmehr d
Atembewegung veranlaßte Luftwechsel hinzu : hierdurch wi rd
meisten nach den Ausführungsröhren l iegendenTeile der Ln
sphäflsche Luft e ingebracht , aus welcher und in welche die
strömung von0 und CO2 wegen der gr.»ßeren Spaunnngsdifl
Gase um so lebhafter vor sich geht.

Von der eingeatrneten Luft dringt immer nur ein Te i l
Alveolen; ein Tei l verbleibt inden Bronchien, der Tru hea,
Nasenhöhle (sog . „schädlicher ohne an dem Gasaue

zunehmen. Be i der Ausatmung mischt sich die Alveolenluft nu
sphärischen Luft des „schädlichenRaumes

“
und wird so zur ]

l uft Aus der Größe des schädl ichen Raumes (140cm '
, vgl.

G röße eines Atemzuges (500cm“
,
vgl. S . 182) und der Zum

der atmasphtirischen und der Ausatmungslut
‘

t kannman die 2
se tzung der Alveolenlnft berechnen; nach Bohr ‘" enth

und CO„ entsprechend e iner Partialspannun
bzw . 40mm Hg (Gesamtspannung nach Abzug der Tension
darupfes von 50mm 710mm).

2 . G asau s tau sch zw i sch ender Alveolenluft und
der Lung encnp i lla ren. Ü ber die Art des Vorganges

,
durch

der Lunge der Sauerstotf aus der Alveolenluft in das Blut an
die Kohlensäure aus dernBlnte indie Alveolenluft abgegeben 1

si ch zwei Anschauungen gegeniiber. Nach der einen handelt
bei um einen re inph y si k a l i sch enV o rg ang nach denGesetz
fu si on

,
wonach jedes Gas von dem Orte heberer Spannun

Orte niedr igerer Spannung wandert. Naeh der anderenAnsehen
übt die Lunge einen spe z i fi sch enEinfluß darauf aus in

daßsie glei chsam w ie eine Drüse die Gase secerniert.

Methode der Untersuehung . Wüger u. Wolj l
'

berg
‘“ haben in

Weise die Spannung der Gase im Blnte der Lungencnpillaren, resp. in de

Ahreolenluft bestimmt. Bei gröfl
’neter Trauben wird einem Hunde ein

Ka t h e t e r (Lungenkatbetcr, Fig . 61 a ) in den zum linken unterenLungenlap
Bm chinlu t eingeführt. Urn denselben in dem letzteren zu dichten, wird um
eine von ihm durchbohrte Gummiblnfle (mittelst kommunizierender Gummi

aufgebii hk so daßnun aus dem zugehörigenLungenicrrain keine Luft neben
vorbei entweichen kann. Der Katheter ist an seinem Ausflußende vorerst vera
Hund a tme t selb st änd i g und m ög l i c h st r u h ig. Schonnach 4Minut
Mm l°fllnft dee abgesperrten Langenbe; ifkeg völlig rnit den Blutgaeen ausge

daher nunmehr aus dernKatheter (bei b) die Lung
enlnft “ W i i und

Spannung von00. und0 in ihr zuglei°“
Gase indem Blnte der
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(U te Modifikationen der Reakt ion 511

und
In vielen sm scbefl Organen undGeweben sind t nm te nufgofundar

0xydierende Wirkungen außfiben: Ox y da smn(vg l. S. 19. 94, Battelli a. S i e

d iese Oxydasm rnit der Phy 8iolog ischeu Verbrennung inden Gewebenm
b.hen. ist außerordentlich zweifelhaft.

Im B lnte findet
,
wie in allen Geweben naturli

O—Verbrauch uud(30.- Bildung statt. Dies beweist schon die 'I
entleertes Blut allmählich O- ä rumr und CO, - re icher w ird (S
der Umstand , daß im O- freien Blnte Erstickter

,
und zwar

körperchen immerhin,
wenn auch nur geri

reduzi erender Stoffe sich finden
,
die nach O-Zutri tt sich oxy

dings ist d i eser G asw e c h se l gegenüber dem in allen tibr

gmvebennur seh r ger ing . Daßauch die G efä ßw ä nd e
,

ihre Muskeln, 0 verzehren und CU, produzieren,
ist selbs

wenn auch dieser Prozeß nur so gering ist
,
daßdas Blut auf

arteriellen Bahn keine wahrnehmbare Farbenveränderung zei

Lavoisier hatte dengesamtenGaswechse l , 0- Verbrauch
dung

,
indie Lungenverleg t. Dies ist nach dem obenGesagten

Natürlich habenaber auch die Lungenals lebendes Gewebe an
einengew issenAnte il . Nach Bahr u. Pütter ‘” sol l
sogar ein Sauerstofl

'

verbrauch und eine Kohlensä ureproduktio
die durchschnittlich etwa ein Drittel des gesamten Stofl

°

wech

doch wird die Beweiskraf
'

t ihrer Versuche stark bestritte1
Evans u.

92. Atmung im abgesperrtenBaume
ode r bei künstl ich verändertern Gehalt de r Atmun

nu 0 und CD

Die Atmung irn abgesperrten Raume hat zur Folge :
m ähliehe Verminderung des O

,
2 . die gleichze itige Ven

CO, und 3 . e ine Verminderung des Gasvol umens. Ist de

m ä ß i g g ro ß , so verzehrt das Tier den 0 fast vollständig
B lut w ird fast O—frei und unter Erstickungskrämpfen erfolg
der Tod . Dieser ist also bedingt durch O-Muugel.

In g rö ße r en abgeschlossenen Rä umen kommt es eh

reichlichen CO, - Ansammlung als zu e iner das Leben bedroh
m inderung . Da die CO, -Am cheidung aus dem Körper nur er

wenndie CO, - Spannung im Blute größer ist als inder umgt

so w ird mit zunehmender CO‚
-Ansammlung indem abgeschlos

a lsbald CD,—Retention‚ j a schließl ich CO‚
-Zuriicktritt inden

finden. Dies erfolgt zu einer Zeit
,
in welcher der 0 zum Lebc

rei cht Es tritt daher hier der Tod direkt durch CO‚
-Vergiftn

den Erscheinungen kurz dauernder Dyspnoe , der sich Be

Abkühlung anschl ießen. Se starben Kaninchen
,
nachdem di

Teil der nachweisbar vorher von ihnen ausgeschiedenen CO,
genommen hatten W.

Erneu erung der Luft inWohnräume

.n, V ent i la t i on. In übe

steigt zunächst der 00
‚
-Gehalt; Paue„kqf

cr fand den nonmflon

gog t0i30fl lm hdmglwhonWOW HÖ\EQ ä\GB



Atmen fred Gase.

Steigen mandenCOs-Gehalt der einzuatmenden Laß,
so

die Atembewegungen Zu
, es tritt Dyspnoe ein. Eine L a]?ma

bezeichnet 0. Pattenkofer als „s c h l e ch te Lu ft“, doch rührt
selben empfundene

_

Unbehagen(z. B. inüberfülltenRä umen) mehr
ausgeatmetenwidngeu Dünstenunbekannter Natur, als von der C
her . Luft mit 1°]o CO, erzeugt merkl i ches Unbehagen, bei w
Lehen ernstl ich gefährdet , bei noch höherem CU‚

-Gehalt t

Tod unter Krämpfen ein

Bietet man Tieren «inder a tmosphärischen Lüft ahnliehes Gangemengm in

N
' durch H ersetzt ist, so atmen sie völlig wie na rmnl ; der H des Gem isches erle i

nennenswerte Mennnm ändcrung . Zunahme oder Abnahme des N in der Luft
e infttdt e ine größere oder kle inere Absorption dessea seitens der Körpersiiftc

93 . Atmenfremdartiger Gase.

Ke in G a s v e rm ag ohne h inre i c h end e O- Be im i sc h ung dns Le b e
h a l t en, es tritt v ielmehr ohne 0 bei allen, auch an sich völlig unschädliche1
M erm trn Gasen schnelle Ersticknng i in 2 - 3 Minuten) ein.

Völl ig iudlll'erento Gase sind N. H und

ll . Gifi lgc Gase.

a)
-w rdrdngmde l ) 00(siehe ä 2 1 ). 2) (

”
NH (B la u s ä u r c ) ven

0 aus dem Hi) . mit dem es eine stabilere Verhiuduug eingeht. und tö tet äußere
B lutkörperchen rni t Blnusä um beladen. vnh

'

emn die Fäh igkeit . Wasserstnflsupe

Wasser und 0 zu zersem .

h ) Narkotüiw mdr : 1 ) CO, . Vgl . 92 . 2 ) N, (M clmxy dnlg as)
(mi t Vol. 0 vermischt ) . bewirkt in —2 Minuten einen schw " vorübergebe
sonders lustigen Rnnschznstnnd welchem eine vermehrte PO

‚
-Anm

folgensoll. 3 ) Ozoni s i e r te re ine Luft w irkt ähnlich : auch sie erzeugt ungenet
gung , dann Schläfrigkeit und rasch vorübergehmdm Schlaf.

c) e nm
'

crm dr : H.
,
S entz ieht schnell

thmcy tuu allen 0, hierdurch tritt schon schlmnign Tod ein. bevor noeh das Gas
änderung des Hämophhins unter Bildung von Sulphhiimog lobin bew irken kann (9.

2) PH, (Ph o s p h onr usse r s t o ff) w ird im Blute znpbosphoriger Säure nn
oxydiert unter Zersetzung des fi ti .

3 ) AS B , (A r s enwnssv r s t o ffl nnd Sb li
, (Ant i monwnsse r s to ff

dam Phoephcrwum rstod
‘

analog , lassenüberd ies das B l»uns dem 8 troma nusüeten
llb« roiche Ausscheidungen erfo|g tn.

4) (Cy nng a s) wirkt (Lentziehend und weiterh indas Blut zersetu nd
Ill. lrrespi rnble Gase könnenüberhaupt nicht gentnmt werden, da bein

in den Kehlkopf redektorischer Stimmr itzcnkrumpf entsteht. Gewal in die

gebracht , bewirken si» lebhafte Entzünduna und weiterh in Zerstörungen und
Es sind fihh rwasserstnfmiure , P

‘

luorwasscrst 9änrc‚ schwadige Säure, Ente
Säure , salpetrige Säure , Ammoniak . Chlor . Fluor, Jod, Bron
verdünntes Ozon, reine (W

,
.

94. Normale Schleimbildung indenLuftwegen.

Der Auswu rf'

Die Schle imhaut des Respirstionskanales ist von einer dünne
Schle im bedeckt. Diese verhindert me c h ani sch durch Abhaltung
wöhnlichenRe ize der Luft und des Staubes eine weitere Schleimt
Letztere erfolgt nur insowe it , als die Verdunstung sie zum Ersat

wendig macht. Im allgemeinentritt mit vermehfler Blutdurehströml

Trachealschleimhaut auch vermehrte Sek retion Bi ll . Einse itige
dumbwhneidung bewirkt Rötung dieser Seite und stärkere Abson

.deckW denBuncha i wir d die Se
am t

E| "mtt \0"Erhal tung (EIB °C! Äh90“d" ffl ilk tief" ) t_



aintreton. Naeh stets höher hinnnüeicbmden Rückenmnkudurohmhneidunp n 11
und m inhöher liegende Thornxmuskclngelähmt. Theophilua Philarctua lehr
durch lautes Schreien, Singen, RedendenKreislauf betltrdern könne. Om

‘

5m
doppdacitigem Pneumotbnrux beide Lungau zusammm inkcn (360 n.

-18 ) besch reibt bereits die künstliche Atmung zur Wiederbelebuu und m A]

Hm hh ges. Malp o
'

yho
'

untersuchte 166 1 den Bau der Lungen. DenM
Ate m erklärte zuerst um gründlichstrn Joh. Alf. Bord“ (1

'

n
'

emu entdeckte 1808 die Muskula tur in den a chien bis in ihre feinem V
deren Fontraction auf Re iz schon Vam r

'

er 1779 bekannt war.
Die c h em i sc h en Vorgänge bei der Atmung ahnte sehonMagma 11

«t vi ta iisdom purti«üis ai?reis sustinetur.

“ Dennoch konnte genauere Binai t
wom en wurden nach Entdeckung der eim lm in Betracht kommenden Gase :
ran Heimen! entdeckte die CO„ er fand , daß die Luft durch die 1

verschlechterv, aber erst Black 1757ermi ttelte die Ausscheidung der 00, durch
1774 entdeckten I‘m'

csllry und Schu le den0; Lo roim
'

rr fand 1775 den
mittelt»zugleich die Zum menaefimng der atmosphärischen Lnt

‘

t. Du ae1ho For

dm auch die CO
,

und H
,
O.Büdung bei der Atmung als das Beat einer 1

im Innern der Lungen der. J . Ingm t entdeckte (1779) die Atmung der Fi!
nahme der FU

,
und Abgatw des 0 durch d ieselben; daßdieser (9t 0 M

(X)
,

stamme , fand Sonrbirr 1785. Vog rl und andere wiesenmit Bestimmt
venösen Blnte. Hol mnnn und andere 0 im nrtvriellennach . Lown'm'

cr m chh

1789 dic erstenMith ilnngcn uber die quanti tative O—Aut’nahme nnd C0 aAbgt

Atmung. Völligfl Einblick in den Gnswschscl bei der Atmung km um

werden, nachdem duwh Magnus (1837) die Gase des arteriv nnd m ösen
gq mmpt und annlvxiert wnrdm .
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m ‘“mlichkeit deßJe“‘genEiwe ißes bewahren
,
aus dem sie hervorg

(R indseiweiß.Pferdeeiweiß‚ Pflanzeneiweiß sondernden
“

_

B abg ebaut werden bis zu den einzelnen Aminosäuren, die nl
eine Arteigentltmltchkeit meh r besitzen. Diese erst werden resorb
as ihnenals indifi

'

ereutenBausteinensetzt dannder betrefi
'

ende Org
Wi ede r daejenige Eiwei ß zusammen, welches ihm zukommt. 80 is

den weitgehenden Abbau der Nuhrungsstoffe im Darm eine Garant
g eboten, daß die Arteigentiimlicbkeit erhalten w ird . Bringen glc
nrtt

’

remde Substanzen in den Körper ein
,
so schützt dieser sich

durch weitere Maßnahmen: B ildung von Antikörpern (vgl . 527
schei dung durch den Harn usw. Ganz ebenso wie die Eiwe
unserer Nahrung wird auch die vegetabil ische Stärke im Verdauunga
bis zu ihren iudifl

'

erenten Bausteinen
,
den Dextrosernolekülen,

aus denen dann nach der Resorption der tier ische Körper die
Stärke

,
des Glykogen

,
aufbaut. Auch für die Fette sind derartige

schiede im Aufbau denkbar und wahrsche inlich .

Die Bearbeitung der Nahrungshestandteile im Verdauungsz

ist zunächst eine mechanische : Zerkleinerung dur ch den Kauakt.
schließt sich danndie chemische Einw irkung der mit denVerdauun
ausgeschiedenen F ermente. Diese zerlegen im Wege der hydrol;
Spa ltung die Nahrungsstofl

'

e in ihre einzelnenBausteine, die zur Be
geeignet sind . Dabe i w irkt entsprechend der Natur der Permea
S . 17) jedes einzelne Ferment immer nur auf eine ganz bestimmte
vonNahrungsstoti

'

en ein
,
deren chemischem Bau es angepaßt ist.

tieferenAbschnitten des Verdauunm pparates nehmen auch N i k i
nismen an der Aufspaltung der Nahrungsstofl

'

e te i l , doch ist ihm
samkeit ftir denMenschen und denFleischfresser vonuntergeordn
deutung

,
von Wichtigkeit dagegen für den Pflanzenfresser.

98. Die Mundhöhle und ihre Drüseu. Die Speicheldr

Ve rände rung der Drüseu bei de r Tä tigkei t.
Die S c h le im h au t der Mundhöhle besteht aus 1

'

i b r i ll ii rem B inde g ew

feinen e la st i sc h enF a se rn vermengt, und trägt ein v i e lseh i eh t i g es Pla t t en
Von denziemlich reichlichen B lu tg e fä ß en liegen die g rö b e ren inder S ub

v i hnmd die fe ine ren bis in die Pa p i llen eindringen, in denen sie entweder
Ku chen oder einfache Sehlingm b ilden. Von den Ly m phg ofäßen liegen die n
wei te Maschen bildendenStämme indcr Submnmsa, während die feinemn, zu einer
Nw erko gefiigteu in dcr Mumsa selbst verlaufen. Zu dem Lymphnpparate ge

Balg i
'

ollikel oder Ly mp hfol li lt e l. Auf dem Rücken der Znng onwnrze i bilden
eine fast zusammenhängende Schicht ; sie liegen zu mehreren inrundliehen, die 80]
etwas erhebendcnG rup p en zusammen. In der Mitte einer jeden Gruppe liegt 4
t ie fnng in deren Grund 8 eh le i mdr ti soh en ihre Anama finde
den kleinen Krater rnit Schloimsmkret aust

‘

fillen. Die Tons i llen lassen ir

denselben Bau erkennen; buchtenartig e Vert iefungen, in deren Sinus kleine Schü
dm dndon, sind vonHaufen (von 10— 20) Lympbtollikein umlagert. Feutere Bim

lagen gebendenTonsillen eine Umhiillung . Ziemlich zahlmiehe m a r k h a l t ige
fasorn, welche von der 8uhmucosa aus hervortrohn, verteilen sich in der Sci
und endigen zum Teil in einzelnen Papillen in Form der Krauscschen Enc

'

reichlichor an den Lippen und am weichen Gaumen, spitrlicber an den Wangen
Bodender Mundhöhle. Wahrscheinlich findenjedoch die Nerven auch noch ihre da



wnorschenur usm
'

_

u v lm ' lh SC ma en, rnit 80kretüöp fcb m gefülltenZell
I Ndc

'

n-NMWMM der Zungennpitze besteht aus Schleim u

tm nppf.hen‚
ist 3 190 eine gem i sc h t e Drüse .

Die 8 peiaheldrüsen ze igen(ebenso wie des Pankreas
immengesetzt

—tnbulösenTy pu s. Die Ausführungsg iinge,
ld elastischem Gewebe bestehend

,
führenCylinderepithel . Der

chendenstru k tu rl o s enMemb ran des A c inu s ist einGespi
»nniger, ausstomosierender Zellen e ingefügt (Fig . 64D). Der A
er Acini l iegen zunächst spa ltförm ig e Lympbrä ume an
eleher erst die B lutcnp i lla ren innetzartigenMaschen verla
y mphgefitße treten im Hilus aus der Driise hervor.

Die S ekret ionszellen sind verschieden gebaut
, je na4

peicheldrtise schle imubsonderud (Subliugualis vom Mensehea
illsris vom Hund) , oder eiweißsecernierend (Parade vom 1

oder eine gem i s ch te Drüse ist (8ubmaxillnris vom Mensehc
1 . In denAciuis der Submux i lle ris (Hund) und S u b ]

denseh) findensich zweierlei Artenzelliger Elemente : 1 . die g :

chle imzellen“

(Fig . 64B ,
c) (R.Heidefl hnin weleheden

wächst begrenzen. Sie besitzene ineMembran, sind pra.11 um

nen abgeplatteten
,
der Acinuswand zugekehrten Kern. DerM 1

.ichlieh imprägniertmitMuc in, des ihm einglänzendes, stark liet
ussehenverleiht. Di .. wegenfä r b ensi eh die
ureh Kerminfast g ar ni c h t, während der KerndenFarbstoff un
m der Zelle abgehender schmieg t sieh gebogeneu die i]

nuswn.nd en; das ei gentliche
Pin. «6. plasma zieht als fadenförmiges

vom Kernaus durch die Mucini
durch . 2 . Die andere Art d«

Elemente liegt zu einem oder
h a lbmoudfö rm i g en Km

(B , d) (Gianuzzis „Halbmom

denha ins „Randzellenkomp l

Aeinuswend unmittelbar eu. Je

mond besteht aus einer An
dicht gelagerter , schwer is
eckiger

,
smrk eiweißhaltiger

Kern; sie sind granuliert, dun1
Schleiminhalt durch Fuc

imprägnierbar und zeigen zwi:

Zel len Sekretspnhen.

2. Die Eiweiß absender'nd

(Mensch und Säugetiere) eu

eine Art von Sekredonszellen
A & hm oeinn Swieheidrttm ; Ausfüh rung»
uam , Spatebolrlth ren. SehnIM oko , e ähfl110110, rm Pf010p198 1113 grot
Eßdfl flck .

— P W d r l’ ro t in m it

Se in !»
W0111€ durch F&l'bßtOfi0 1111816?

M m ‘0 don Am m om nc (n.) dm Zalen mit zuckigem,
Sehßlwmohn Obergohm d. r Pnrofl m lle

m m, da Abonndornng .
färbenden, central gelegenen, s
brednenden Kern ohne Keruki

«»1en haben S e k retg ä ng e zw ischen sich (E Mai tler Dat

a terinl findet sich inGestenvonRöm e rnoder G ranu\e vo

indem Protoplasma der “Den(Langla



sog ar die puma m wvgung er Arterien sich bis in

pflnnzt (S . 145) (01° Mehr als viermal so viel
der Vene zurück ,

das überdies fast h e l l ro t erscheint und
ein D rittel größerenO—Gehalt zeigt als das Venenblu t der
Drüse . Trotz dieses relativ hohenO43ehaltes des Venenblute
absondernde Dräse doch absolut mehr 0 als die ruhende

,

mal mehr , be i gleichze itiger starker CO, -Bi ldung (Barcrofl
Ly mphbi ldung inder Drüse steigt parallel mit der Speich
(Adm u.

Im N. fa c i a l i s l iegen zweierlei funktionell verschie

fassrn: 1 . echte S ek retionsnerven
, 2. g efäßerwei t

Va sodi la ta toren. Es ist nicht zulässig , die Erschein
etwa als eine e infa c h e F o lg e der lebhafterenCirculutio
(Siehe unten. )

II. Re izung des N. symp a th i c u s bewi rkt eine sp ä rl
de rung eines sehr dickflti ssig eu, zähgallertigen, fadenziehe

in welchem die spezifischen Bestandtei le reichl
'

sind , namentl ich der S ch l e im ; dns spezifische Gew icht st

bis 1010. Gle ichzeitig v e renge rn sich unter Abnahme d
die Gefäße der Drüse

,
so daßdas spärl iche Blut dunkel

Venennbfließt.
Im N. symp a th i c u s l iegen ebenfalls zweierlei funkti

dene Nervenfasern echte S ek retiousnerv en u

v e renge rnde Nerven, Va somo to ren.

Mi t steigender S tärke des Reizes nimmt die Absonderung und in i]
S alze nu. Die Menge der org anischen Bestandteile hängt außer von der 1

auch von dem Ruhe» oder Ersoböpfungsznstande der Drüse ab (Heidrnhao
'

n

B lntm i sebnug und die C i rcula ti onsv e rh ä ltni sse in der Drüse be<

sammensetzung des Speicbds (Laug lcy u. F1d cher "
, Asher u.

Daßdie Ab soude rnng de r B rün n ni c h t a ls e infac h e F i l t r
F o lge der v e ränd e r t en B 1utffi l ls angesehen werden darf, sondern
s t änd ige Le i stung der secem ierenden Zellen neben der Veränderung
auftri tt, geht aus folgenden Tatsachen hervor :

1 . Die nbsondernde Tätigkei t der Drüse bei Rei zung der Nerven bä1
lang nu, nachdem a lle Ge fä ß e unte r b und en sind (Czrrmalc“

, (Hm m:

2. A t rop in und Da tur in v e rni c h ten di e T ä t igk e i t de r 8 0
in der Chordn ty mpani , ni c h t j ed oc h di e de r g efäße rwü te rndcn

Durch Yoh im b in kann der B lutdur cb ti uß durch die D
10ünhe ge s t e ige r t werden, o hne daßS p e i ch e lsek rc ti ou e int r i t

verbrauch der Drüse bleibt dabei unverändert. Wird aber nachher die
tri tt Speichelsekretion und damit eine Steigerung des Sauerstofl

‘

verbran

7fnche ein (Ba rcmfl u.

3 . Der D r uc k im Ansführungagange der Speichel (durch
Manometer zu messen) kannfa s t di e d op p e l t e Hö h e b e t ragen als der

Gefä ßen der Drüse (L
'

. im Ausführungsgnnge der t rnnxill

290mm Hg . [Mi t Steigerung des D ruc k e s im Ansfiihrnngsgange nin

m enge ab, ebenso auch (118 von der Drüse geleistete Arbei t (Grünlmum
4. Ähnlich wie Nerv undMuskel e rm ii den auch die Speicheld

Einspritzung von Säuren oder Alkalien in denAnsfiihrungsgnng . Es ba re
aekm h risnhc Gewebe unabhängig von der Oirm lstion unter dem Einfluß
G i a rmm

°

Es mußsom i t gefolge r t w e r d en, daße in d i re k t e r E in!
a u f di e Sek re tionszellen de r D rüsen v orh and en i st , una bb ii

Ve rmi t t lung d urc h di e Ge fä ß e.

Während der Sekretion ste i g t di e Temp e ra tur der Submaxil

der Chordu um (Ludwig u. bei Re izung des Sympathik
M on die Drflse sowie das aus der Vene abfließende E1U

w ä rmer als das Artel'ienblut.
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343 90, 110118 teils durch Pboapbnrsi ure nueh ‘
tiibbare) ;

Külz" fand im
_)

nflpetcbei des Menschen bis Voi .-Prm ent O,

anspumphare 00, und 6 gebundene CO
,
.

Abnorme Sveichelbestnudtelle. Vermet Harnstofl
’

fand ma:
Hm s£ fl" bei Urämie (Boud aron überhaupt stets, wenndie

Blnte vermehrt ist Von v e ra b r e i c h ten frem d en 8 ub stn
denS peict iiber : Quecksilber, Kalium, Jod und Brommctnlle, Blei .Morphin,
saiz

Der Speichel der einzelnenSwielneldriisen. De i Speichel der
hält k e inhi ne in, ist daher nicht fsdenziehend, leicht tropt

'

end; ulkn1iwh (ge

von — 1M snoz . Gew. Der Speichel der S u bm ax i lla r i s enthält ste
ist daher etwas fndenziebend; der der Snb ling u a li s ist sehr reieh an Mt
stark klebrig. Der Speichel dieser beidenDrüsen reagiert st a r k a lk a li sc h

101. Physiologische Wirkungendes Speich
I. Der Spe ichel enthält als physiologisch wi chtigsten

P ty a l in, einhydroly tisches Ferment, welches die V e rd auung
by dra te einle itet. Es verwandelt die P o l y sa c ch a r i de unse
von der Formel (0, im wesentl ichen S tä rk e

,
An

infolge ihres großenMoleküls schwer löslich und daher nicht
tiongee ignet sind , unter Wasseraui

‘

nuhme inKörper vonkle iner
die nunmehr leicht löslich sind . Als Zw ischenprodukte ents
zunächst D e x t rine , Körper, die auch noch zu denPolysacchari
aber schon ein wesentl ich kleineres Molekü l als die Stärke
Endprodukt ist ein D i s a c ch a r i d : Ma l tose C„H„O„ (vgl.

Wenn man durch Kochen mit Wasser verkleis
Speichel versetzt und bei Körpertemperatur stehen läßt so km

Verlauf der Umwandlung im einzelnenverfolgen. Zuerst entstel
fliissig0ng des Stä rkekleisters des Amy l odex tr in: es reduzi
sche Lösung nich t , färbt sich durch Jod blau (ist Hauptbestan
,
lösl iche Stärke oder Amydulin bezei chneten Präparates).
übergei

'

flhrt iu Ery th r od ex tr in
,
Fehlingsche Lösung schwach

durch Jod sich rot färbend . Dieses wird inA ch ro od e x tr in
Fehlingsche Lösung reduzierend, durch Jod uni

‘

ärbbnr. Aus die!
schließlich Ma l to s e (und

lnkeimendenGetreidekorn«rnkommt einähnlich wirkendenFennent vor,
sie verwandelt die in den Samen als Reservematcrial anfgespeieberte 8 ti r1

313 1t ose und macht si e so der keimeudenPflanze zugänglich (vgl . die Herstellun
bei der Bierbercitung durch Keimenlnssen vonGerste ). Danach beißen alle

Polysaccharide in Disacehnride umzuwandeln vermögen, di a st a t i sch e Pe r

Durch Kochen mit verdünnter Schwefel oder Salzsäm

Stä rke ebenfalls gespalten; doeh macht die Zersetzung nich t
dung vonMaltose Halt

,
sondern diese wird weiter gespalten

ganze Stärke in D e x tro se übergeflihrt . Im Gegensatz hierzu
das Ptyal in (und die dinstatischen Fermente iiberhaupt) die
überw iegendenTeile nur inMa l to se iibergeftihrt ; danebenwi
eine allerdings nur geringe Menge vonDextrose gebildet (Kei l

Hamburyer

Darstellung des Ptyal ins. 1 . hin:: erzeugt in dem Spei chel
_

um

Phosphorsäure und Kalkwasser einen volummösm N i ederschlag von Caicm

dus Ptyalinmit niedemmt. Dieser 3 109078011134: Wird _ auf dem Fi1ter g
em

mit WenigWasser dasPivalifl darau
s aufgelöst . Indiesem wiisoen8m Anna



t m ist durch e inen Zw i schenkno r p cfl (l
'

idm —‘n
be i der energiscbenW13 9"! der Knulnuskeln den geg enseitigen direkten Urne
fli ehen ahbä it, in m ei übereinander liegende Hohlräume gete ilt. Die

namentlich durch das äußere Band nnsdmlich verstärkt , ist so geriiunüg ,

dem Heben und Senken des Unterk iefers zugleich noch eine Ve rsch i ebnn

kop&s nach vorn auf das
'
1
‘
uhereulum articulare zu166t.

a) Die Erh e b ung des K i efers w ird durch die vers
kung der Musculi temporales , masseteres und pterygoidei inter1
War vorher der Unterkiefer stark gesenkt , so daßdie Gelenk]
vorn auf die Tubercula articularia getreten waren

,
so gehen si

in die Gelenkhöhle zurück .
Bei Erhebung des m ög li c h s t h e r v o rg m t r a c k ten Unterkiefm fiillt

der Mm . tmnpornles uns, weil diese bei ihrer Hebewirkung denKiefer zugleich
wurden; bei möglichst s t a rk zu rückzw e l wbenem Unterk iefer wirken
die Temporales, weil die anderen Muskeln zugleich hervorziebend wirken w ilt
s e i t l i c h v e r sc h ob en g ebni h enem Unterkiefer fällt die bebende Wirkung
rules aus.

b) Die A bw ä rtsb ew eg ung des Unterkiefers erfolgt s<

sein G ew i c h t
,

unterstützt w ird sie durch mäßige Contractio
deren Bäuche der Digu trici und der Mm. mylo und geniobyo
Muskeln w irken stärker bei weiterem und angestrengtem
Mundes. Die hierbei notwendige Fix ierung des Zungenbeincs be
Omo und Sternohyoidei sow ie die vereinigt w irkenden Stern
und Thy reohyoidei .

Da beim starkem N iedergehen des [' uterkiet‘ers sieh die Gelenkltopt’e n

die
'

l‘ubwcnla nrfieuiarin begeben(Ram
’

nß so ist angenommen wor den. d

Falle die Mm . pterygoi dei externi dieses Versch ieben aktiv beg iinstigen.

starker Mundöfl'uung wird der Kopf hinteni'tber gebeugt, wobe i (bei tix iertem
die h int e r en B ä uc h e der Digastrici sowie die St

_
x
°lohyoidd wirken. 1

Tieren sind auf und abwärts bewegliche t
'

tb e rk i e i
'

e r vorhanden, z. B . b
Krokodilen, Schlangen und Fischen. )

c) Vers c h i eb ung b e i d e r od e r e ines G e l enk k op fes n
o de r h inten. 1 . Das Hervorstreckeu des Unterkiei

'

em ber

Mm . pterygoidei externi . Da hierbei der Gelenkkopf auf das

arti culare (also auch niederwärts) tri tt, so müssendie Flächende
Zähne in dieser Stellung von einander weichen. 2 . Die zurii
Bewegung besorgen die Mm. pterygoidei interni . 3 . Es win
e ine Gelenkkopf nach vorn gezogen und wieder zurück dur
pterygoideus externus und internus derselben Sei te ; hierbe i
'

I
‘

ransversalbeweguug des Unterkiefers statt . Je mehr der
gesenkt ist

,
um so unergiebiger sind diese Bewegungen.

Be i der Kaubewegung
,
be i welcher sowohl die Hebung nu

des Unterk iefers als auch die transversale „Mahlbeweg ung
“

fach kombinieren, werden die zu zerk leinernden Speisen von
durch die Lippenmuskeln (Orbicularis oris) und die Bueeinatorc
innen durch die Zunge unter die Kauflächender Backen und

geschoben. Das ) inskelgei
‘

tihl der Kaumusk9ln sow ie das Test
Zähne

,
der Mundschleimhnut und der Lippen regulieren auf r

sob em W eg e die aufzubieteude Kraft der K iefermuskeln: da
centrum iti t die Kaubewegung l iegt in der Medulle oblon

%278 . Unter gleichzeitiger Einsneichelung klebendie zeri
tikel zu einer Messe zusammen. welche dann auf dem Zungem i

1“g iißhmnden ”8 18 8 8 11
“
(Bolu

ß) geformt W11
'

(1.



no ch enr inde dar

Chemie der Hudgebllde des Zahnes. Die Zähne bestehen aus

e img obender Snbstnnz, dmohdrnngon von Caleinmphosphntcnrbonnt
W ). 1 . Das D ent in enthält : Organische Substunz On)
mrbonnt Mngnesiurnpbosphat neben Spuren vonEisen, Fluor

(Aeby
"

, Kali , Natron,

F ig . 67.

A w iesebllfl an der Grenze nw iochonM afi a und Schmelz,
Sehmdz , c Dentinrüh ren. B stur! verur06nto 8ettmeln

°

9m C di Ib M id.pn un en un m Queen
Sie beswm nt

unter weniger
igen, mpillnnfi ehm Bindegewebe mit Bintk gevrebm llsn nnd Mukmy%n.

dernDenfinanhm ndc Schicht der Zellen sind die Odontob la s ten, d
Zellen, von welchen die Bildung

m .

m geht in die

lange Forb flW , während ihr ke

körper , auf der Oberfläche der

dureh nadere Forä ®t eine Ver5i
Pulpn und mi t benanhberüm Ode

wirkt. ?.nb1reiebe markhnlfiga , nne

Teilung markies werdwde N e r ven
gen zwischen die Odmwb
nawr dem a nbeiße mit Wien,

knotig verdienen 8pia en. Weitere
teils in den Znhnkanl leben, teils
beia M . Die in scheinen
gen unter pinselfdrmig nAm tnhl

tm rigsr Pla ns liegt unter dem

Die A r t e r i en des

dar Nm m ßmmeben; die Pnpil

der Wann] : Come r" mit Knochen mw binm dm Odonwbhmnh”

nu Entwicklung derm
sehon gegen da 40. Tag . Auf der

des Kieferrnh6m M6ndct sich oii

hmhtnng gebildete, hervorragende Kante, er K i e ferwe ll
“

. V

dscbieht senkt sich in denKiefer h inein eine ebenfalls vonEpithelien .u

10 a nfnrche“
. Die 7M nh robe vertieft sich

hung einer Form, welche dem Querschnitte einer unten dagobo



https://www.forgottenbooks.com/join


jedoch nur fi r den der Speiseröhre ; im Brustteil ist die Sp e i s.
M ü6rper direkt re“ es wird h ier eine peristaltiscbe Bewegung
?mmdkdrper in denM “ beförder t. Diese Beizbnrkcit nimmt mit de r

Phnrynx ao. Die setzt sich stets über die ganze länge der Spt

augu wenn di„dhe un“tbunden ist, oder einTe il derselben nuw bnüflm
Ebenso verläuft die Peristaltik bis abwärts, wenn manHunde ein aneinem
S tück Fleisch bis zur halben Oesophagr: slänge vnsehlueksn läßt und es

bm m ieht (C. Ludwig u.

Na h Km»eckt f ist die D a ue r de s S c h l ing ens
0,3 80k. ; dann eontrshieren sieh die Schlundsebntirer, Sek. später dt

ph gnsa'mcbnitt, sodann nach Sek. der mi ttlere und dann nach 3 .

Die Vm gernng der Ksrdia, nach dem Durchtritt der Massen, macht d
gesamten Bew9gnngm ibc. Naeh Schr r ibcr ‘“ beginnt etwa Sek .

Mundschlnckens (MyMbyoi1k t irkung ) zuerst eine Eröffnung des Oean

nun die Pbarynxscbnflrer w irken. Daran schließt sich die periotnlfisch

X u kulatnr der Speiseröhre, welche bis zum Eintritt in den Brustkorb fl

zur Ru di : 5 —7 Sek . dauern kann (vgl.

105. Bewegungendes DasErbre

Methode. Zur Unt e r suc h ung de r Mug enb ewe g ung en dient
ein durch eine äußere Magentistel bei Tieren eingebrachter

man an verschiedene S tellen des lnnm raurnes bringen kann; der Bulle

Schrei5vorricbtnng durch Luftiibertragung (551 . 2 ) verbunden (Duccu ek i ‘

b ) Die Beobach tung des Austritts des Meganinhaits aus D
v.

c) Die Bestimmung des im Mugen herrschenden D ruc k s nnd der

selben mittelst der Scblnndsonde (Mar iti m ).
d) Die Durchleuchhmg rnit Röntg ens t ra h len; dabei wi rd der M

Speisen angefiilit, die mit dem für Röntgenstrshlen undurchllsdgen Bismti

versaut sind (Rau: u.

Der heransgenommene, in einer feuchtenKummer liegende Magen 2

gungen (Hofme ister u.

Am Magen verlaufen äußere long i tudins le, innere r ing fö rm ig
innerst in d iagona le r Rich tung die Fibrue obliquus, jedoch mit vielfac
ineinander. Am Py lorus bildet die Muskulatur einen ringförmigen S e

(Sphincter py lori), dessenFasern sich bis in die a vnin py lori hinein erst1
der M it gruppieren sich Fasern zu einem „K a rdi a schnti re r“

.

Be i den B e w e gungendes Magens sind getrennt zu

1 . Die Bewegungender K a rd i a . 2 . Die Bewegungender 11
3 . Die Bewegungen des Py l oru s.

l . D i e Bew egungen d e r K a rd i s. Bei gefülltem
normalem Salzsä uregehalt des Mageninhalts is

durch die in ihrer Wand gelegenenMuskeln ge

daßder Mageninhalt selbst be i Drucksteigerung im Magen
Oesophagus ge langt. Erö ffne t w ird die Ksrdia reflektorimh bei
R e i z ung der unte renOesophagusschleimhaut, w ie 8

niedergleitendenRissen ausgelöst wird ; auf diese Weise eröflr
selbst sich denWeg zum Magen. Auf s tark e R e i z e hing egen
s i c h die Kardin; so werden kaltes oder kohlensäurehalt
ätzende Flüssigkeiten vor der Kardis angehalten(Kronecker
Carmen u. Moser "

,
v.

Bei schnell aufeinander folgenden kleinenSchlucken wird die Kardiu
dri tten bis vierten Schluck geöflhet (Kmneclcer u.

Beim Verschlucken ätzender Flüssigkeiten findet sich die Vorlihm

gerade im unte renT e i le des Oesophagus, weil die i tzende Flüssin
nngehn.lten worden ist.

2 . D ie Beweg ung en d e r Magenw and . Der Fun



F lüssigkeiten, SalzlösungenEntleerung desMagens n
denum. in ähnl icher Weise w ird aber Schluß und Ö tfnung (L

auch von der Magensehleimhant ans reflektoriscb beeinfll

Cannon‘“ bew irkt Berührung des Py lorusteile des Magens mil
S peisebrei Erschlaffnng des Pylorus.

Der Py lorusreflex hat zur Folg e, daßdie Entleerung de
Magens in denDarm in e inz e lnen S c h ü b en erfolgt. Ist der !

des Duodenums leer, eventuel l sogar mit alkalischem Dam eafle

so öänet sich der Pylorus , sobald der saure Speisebre i die Se
des Py lornsteils des Magens berührt, einTei l des Mageninhalts t
Duodenum ein. Durch die Berührung der Darmsehleimhant mit d
Ma.geninhalte wird aber sofort w ieder Schlußdes Pylorus bewir
vergeht jetzt eine gew isse Zei t

,
bis der Inhalt des Duodemuns ar

resp. weitergeführt ist : alsdann erfolg t wiederum Ö ffnung des P;
Eintritt eines weiteren Tei les des Mageninhalts in den Darm.

Nach Boldyrefi ‘”
soll unter beetimmben Bedingungen (bei feflrei0h9r

Einführung roirhlicher Säuremengenin denMag en, während des Hungem) aueh c

t re t en von Pankm , Darmsafi und Galle aus dem Duodenum indenMagen
lm Magen sollen dann unter dem Einflußvor allem der Pankreasfermcnho e

Verdauungavorgänge sich vollziehen; besonders soll die Fettverdaunng im M8 3 !
unter dem Einflußzmückgetretanen Pankreassaffizs erfolgen.

Inne rv a t i on d e r Mag enbewegnng en. Das Centrum
Magenbewegungm liegt im Magen s e l bst inGestalt des anton
G ang liennetzee des Plexns Auerbach i i zw ischendenbeiden
der Musculnris (vgl . S . Die Kardia nnd der Pylorus haben
automatische Gauglienzellen(v. Diese automatise
rate stehenmit dem Centralner v

ensysteme inVerb indung durch d
und den S ympa th i c us.

Nach r . Op encbowski
‘“ liegt einC ent rum für di e C ont r a c t i on

in den hinteren Vierhiig eln, von wo aus die Bahnen meist durch die Vagi, w

die Splanchnici , abwärts laufen. Das C ent r um für di e Er ö ffnung der Ka
Corpus striatum (und in Verbindung dami t eins am Salons ermiatue der

Hundes) ; die lei tende Bahn geben die Vagi ab. Auch im oberen Bückenrnari

üb ende Centre, von hier läuft die Bahn dureh den Sympbatbicus (Plasma nord;

nimm minor). Reflektoriach läßt sich eine Eröffnung der Kardia bewirken d
de r sensiblen Eingemeidcnerven (auch des Isehiadicm ) .

Für denMug enk ö r p e r liegt einOontrnc t i onec entru rn indenVin
wo Bahnen durch die Vagi und das Bückenrnnrk und von letz terem in den

tre ten. Hem m end e C ent r e enthält das obere Rückenmark ; die Rahmen geb
S y mpathici und Splanchnici .

Der Py lo r u s zeigt einen gewissen, jedoch wechselndenTonne im Ver
S p landmicus kann den Py lorus mehr eröffnen, der Vegas ihn verschließen. Di

f ii r di e Er ö ffnung der Kardia h emm t die Py lorusbewegung : Bahn durch
m ark und die Splanchnici . Hem m end e Py lo rne oentr a liegen in den Vi

dem Oliven: Bahn durch das Rückenmark . Das Knrdia-erfiflnende Hirnrindea

und den sympathicus).
Der heransgenommm e , in einer feuchten Kummer oder in n er

li eg ende Magen zeigt noch die Pw istaltik des Antrnm pylori ; dagegen ni ch t
S chließung des Pylorus (Coimlm

'

m Durchsd meidung der Vagi oberhalb 6

lä ß t den Tonne. die Bewegungen des Magens und Py lorus unverändert
ebenso Ausrottung des Pla ns ooeliacus (nach zuerst auftreteudc

Durehaahneidung der beiden V38 i f}3 15
° dagegen bewirkt eekreißfißfl m

Störungen des Mageas (Katschk0
w‘ky

'

Lundo i l ° fl on p hy g jo
lofl e . N . Aufl.



106. Danubewegnngen‚

m Innervationder Denn

um . m am oder man beobachtet dureh die m i «

Baxwhdmken hindurch (Pa lm ). Kafedun. Borahcra '“ ließen ein zu!
Banehdeckm eines Km incbens einheilen nnd beobach teten dureh M
des Magen und Drums. Cmmon'“

untersuchte die Darv cgnn
strahlen, der Dnm inbalt wur de durch Binmutum snbnitrienm fiir die B

durchsich tig gemach t (vgl. Man kann auch den Darm aus dl

ne h m e n und in aanernio ti
'

g
'esä ttigter Ringm bn Lösung vonKörperi

wegungen beobachten
Am Darm kommenzwei Arten vonBewegungen vor : o

Pende lbewegnng en nnd die p er i sta l t i sch en Bewegun
Die Pendelbewegnng en oder Mi sch bew egung

segmentafions
“

,
bestehen in einem rhy tbmisc

Herbewegendes Darminhalts ineiner Du mmhlinge ohneWe
desselben. Sie bew irken dadu rch eine sehr innige Vermiscb
inhalts und bringen ihn immer aufs neue mit anderen Stell
baut in Berührung.

Die Pendelbewegnngcn sind in ihrem Rhy thmus und ihrer Geechv
T e m p e r a t u r ahhiingig ; bei Körpertempera tur erfolgen 10—12 Pendel
Minnie , jede in einer Dauer von 5 —6 Sekunden

Die per ieta lt ischen B ew egung en treten auf
.

(hanptsüeblich mechanischer Art durch Berührung der Du
doch sind auch mechanische

,
chemische

,
elektrische Reiznn

fläche des Derms w irksam) denDarm trifft. ES kommt da‘

Reiz aus magenwä rts gelegenen Teilen des Darms zu ein
in den afterwärts geleg enen dag egen zu einer Ersehlnfl

’
1

auf diese Weise wird der Darminhalt verseiu
nun von e iner wei ter unten gelegenen Stelle denselben

'

auslesen.

Pendelbewegungen nnd Peristaltik kommen am Di

dann vor. Am Cöcnm und obersten Te il des Relous
g
em

normalenPerista ltik noch eine Ant i per i sta l t i k , die en

nicht weiter verrücken lä ßt. sondern immer wi eder zurück!
Anfang des Dickdarms znerneuter Durchmbeitnng (Cannon'

g ewissen Zei t wird danndie Antiperistaltik durch eine in
tung verlaufende perietaltischeWelle abgelöst, die den lub
befördert.

Die zw ischenDünn undDickdarm gelegene Va lvnl:
der die Dünndnrmmündnng ringf‘örmig umgebende Sphin

schl ießen unter normalen Verhältnissen den Dickdarm
vollständig ab (vgl . Hertz so daßeinmal indas Knien
nicht wieder inden Dünndnrrn znrückgelangen können. U

Verhältnissen kann aber gleichwohl die Valvula Banhini
w erden (s. unten) .

Der Sph incter ileo-w1im wird nach Elliolt ‘”
vom Spinnehniru!

Du rrbscbneidnng des Spianchnicus oder Zemtörung des B&ckenmnrks Wi

liihm t, so daB Dunn und Dickdarm m it einander kommunizieren; eine

gung der Verdauung scheint dadurch nicht hervorgerufen zu werden.

Daßeine Ant i p e r i s i a lt i k im ganzen Darme vorko mmen kam

aus dem Auftreten des Ro te r b recbens bei Menschen mit Darmverschlu

M 51! Geruch der erbrochenenMaßen kann jedoch auch bera vo

Verweilender Messen im Unnd°rmm voll wa N 18 , wie das ailbeknnnte
in denMaren w k önnen Vermlc denen
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De r Damm und seine Muckein.

Anus. ?S teißboiu. 8 Si tt kor , J Lin. tobomoo»nerum . 5 Hulümia
bulbo—cfl ornn.tm‚ T»M. trunnersus perine i ouporflelnl is. F Func i. deu hl . v" ‘

p rofuuduo, J M . ischio—u vornooun, 0M. obturuto r intornnt , 8

L M . lcva lor m i , P M. p lri formin

befinden sich in e iner dauernden toni sch enCont r a c t i 0m
v ermehrt oder gehemmt werden kann. Einne r v ö s e s C e“

3
die Bewegungen dieser Muskeln l iegt in i hnen
Tonne derselben nach Zerstörung des Küchenmak
p athischenGangliennach ani

‘

äng lichem Verschwinde fl

(G oltz Il . Ewaldt8 1
‚ L‘. Frankl-Hochwart Il . F r öhl i ö

h

Normalerweise stehen jedoch die beidenSphinetey e ß t 0

übergeordneten Centren im R ü c k enma r k “i ld in
Das Centrum im Rückenmurk (B adg es C e

9

70
ist durch zwei Bahnendes autonomenSystem s (5

" 2

verbunden(Hund, Katze, Kaninchen) ; Faeern‚ die, a us d



anlnßt, eine willkürlicbe Aftersch ließung ‚ welche doch sonst üei£ellm 13

wäre (vgl .
Sollen die Fäcee w i l lk ürl ich entleert werden

,
so muß v

aus die Contraction der Sphincteren g eh emm t werden.

Innervation dieses Hemmungsapparntes verläuft die Kotsä u.

After
,
ohne reflektorisch denSchluß deseca zu bew irken.

Die die Def‘äkationeinleitende stärkere Peristaltik kann
irn gew issen Grade erregt werden te ils durch Pressen, tell;
kürliehe, kurze Bewegungen des Sphincter externus und des

wodurch eine mechanische Anregung des Plexus myentericusunterenDickdarms bew irkt w ird , welche nundenDi ckdarm 2

peristaltisdner Bewegung vemnlaßt. Die Ausstoßung der Kot
befördert durch die w i l lkürl ich tätige „Ba u c h p resse

“

,
zu

spirntorisehem Zwerehi
'

ellstand. Die Weichtei le des Beekengru
be i starkem Stuhldrang konisch abwärts gedrängt

,
wobei 8

die zugleich venös- blutre icher werdende Afiersebleimhaut hervon

den L ev a to r uni (Fig. 70und71) wird w i llkürl ich nunmei
der Weichtei le der Beekenhöhle gehoben und so der After im
über die niedergdnende. Kotsäule ernporgestreift. Dadurch
eine ausweitende Erschlafl

‘

ung der We ichteile am Beckengrun
lich der Fascin pelvis verhindert .
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K1Mflk h0u fl%nu fi gewinnt man(Eberle 1834) durch Ex
zer r i ehenanMug en

s°h | 0lmbnut m i t v ordii nnter S a lzsäur e . die 1

von Liber vun ii 2“ 6 8tundon stets aufs neue infundiert ; [die M
sogar wirksamer als der

_

0P810

Die rihr ua.. Popmnwirknng notwend ige Sulzfl ure kann euch ab et:
gunioehe und organit Säuren ersetzt werden, doeh sind vondiesenhöhere 1
erforderlich . Die Angabender verschiedenenUntersuoimr iiber die von jeder
erforderliche Konzentration stimmen jedoch nicht überein(Hübner " , Holm

“

Lori"
r . Wittich“ zeigte , daß man auch mi ttelst G ly c er in uns der Ma

das Pepsin seh r re in ex t ra h i eren kann. Die gereinigte Sehlehnhuut v i

in Alkohol gelegt, dann getro cknet, gepulvnt nnd gebeutelt, hieran! eine Wut
extrahiert. Der abfiltrierte Extrakt läßt durch Alkohol dns Popadu uusfnlie
verdünnter Salzsäure gelöst den wirksamen Sni‘t gibt.

Bei allen Extraktionm eriahren ist die Ausbeute an Pepsin um grüßt
Sc h le im h au t vor Fäulnis geschützt e inig e Z e i t un der Lu ft geleg !
sich noch nnchträg lich in den Drüsenzellen Propepsin und Pepdn bilden

110. Sekretiondes Megensuftes.

Während des Verlaufes der Verdauung gehen andenHa

und denPy lorusdriisenze"en(Hund) churukteristisch0 h isto lo;
änderungen vor sich (Heidenhain‘

,
Ebstein

Die Hunp tze llen zeigenKörucbem, welche während der Absender
werden. Die Körncben enthalten die p ep sinb i ldende Substanz , welehe
gewandelt wird . Auch die Größe der Hauptzellen schwankt während der 801
Ruhe nehmen die Zellen aus der Lymphe wieder Stofi'

e zur Kürnchenhilduz
Bel eg z e llen scheinen bei der Absonderung erst geschwellt, dann kleiner 2

Zellen sind ferner dunkler, der Kernder Py lorusüflsenzellen rückt mehr in
Sekretgünge werden praller. Die Belegzellen mancher Tiere tragen wöh:
w uder ung einennach dem Lumender Drüse hingerichtetenBesatz kurze:
Fortsiitze („Bürs t enb esa t z“ Tarniers).

Das Pepsin w i rd in den H a u p tze l l en gebi ldet (15
Sind diese geschwellt, so enthalten sie v iel Pepsin; sind sie

so enthalten sie wenig . Die Py lorusdrii sen sondern eher
auch weniger

,
Pepsin ab (Ebstein u. Grützner “

,
Klug

M u. n.

des erstenStudiums des Hungers wird das Pepsin angesammc
der Verdauungstätigkeit (aber auch bei auhaltendern Hunger

Kurz nach der Nahrungsaufnahme ist der Pepsingehalt des W
sinkt er, um später wieder zu steigen; iibnüch verhält sich das Labfermen

Innerhalb der Drüsen ist noch kein Pepsin vorhanden
,

eine V o rstu fe o d e r das Z y mo gendesselben: die „pepsino
stunz oder das „Propepsin

“

(Ebstein u. welch
eben der Hauptzeflen entsteht Das Zymogen ist
sich unwirksam auf Eiwe ißkörper ; wird es aber mit Säuren
mit Salzsäure) behandelt, so w ird es in Peps in umgewandelt :
wandlu geht sehr schnell vor sich (Luegley u. Di

fre i es
n
äasser kannman aus einer Magenschleimhunt neben

zugle ich di e pepsinogene Substanz ausziehen. Auch das
inden Hauptzel len.

Die Salzsäure w ird vonden Belegzellen gebi\det (1
sie findet si ch auf der fr e i en F lä c h e der Schleimhaut,

der Amgßndrüseu.
In der Tiefe der Dfl

A8 u n Physiologie. 14
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euroser 1 11
,
A

‚y
_

ru . m e ro re r e W&rd enanter a
des Magensuftes in ihre Bestandtei le gespalten. So zerlä llt das

g l o b in inG l o b i n und H äma t in; ersteres wi rd peptonisiert,
bleibt unverändert underscheint teils indenFäces, teils wird es te
Die G l y k o p ro te i d e (Mu c in) werden inEiweiß und Kohlehydrat
Die N uc l e o p ro te i d e zerfal len in Eiweiß und Nuc l e in

,
welcl

große Widerstandsfiihigkeit gegen die Wirkung des Magensaftes
Das Nuclein kann jedoch zum k leinerenTei l noch weiter in Eiw
Nueleineänre gespalten werden; eine weitere Zerlegung der Nucl
findet jedoch im Magennicht statt (vgl . Abd.

u. Schi ltmhe*lm

Abweichend gestal tet si ch die Einw irkung des Magensai
’
tes

Case in. Dieses w ird im Magen zunächst in fester Form uusg e i
'

ä

bei es die Fettktigelchen der Milch mit einschließt) . Die Ausfä llur
berei ts bew irkt werden durch die fre i e S ä u re des Magensafies.

sein ist in der Milch näml ich als Kalksalz vorhanden; w ird ihm
durch die Säure entzogen

,
so fäl lt das unlosliche Casein als sold

Es kommt aber im Nageum i
‘

t noch ein besonderes Fermc
das La b fe rment welches das Cusein auch be i 1
oder alkaliscber Reak tion ausfäl lt Dieser

'

hat aber mit der Fällung des Caseins durch Säure nichts zu tun.

das Labferment w ird nämlich das Casein hydrolyt isch
_

gespalten
raca se in und eine geringe Menge eines albumosenrtrgcm Kö

Mo l k ene iw e i ß (Fuld Beide Körper sind zunächst lösli ch ;
easein bildet aber mit K a l k unlösl i che Salze, welche nunmehr als

ausfallen. Werden die Kalksnlze vorher entfernt, so tritt die :
des Cam ins in Paracasein undMolkeneiwe ißdurch das Lab ein

,

Paracaseiu bleibt in Lösung . Setzt man nachträgl ich Kalksalze

hinzu
,
so erfolgt nunmehr die Bildung und Ausi

‘

zillung des Kä ses .
Das Lab entsteht in denHunptzcllender Mugendriiscn dureh Sä urewirkung

a b b i ld end en S u b s t anz . Letztere ist viel be trächtlich " in der Sohleimlmt

fe rtige Lab Ein Teil h biermcut kenn 8(l ) (m Tei
Fä llen. Zusatz von etwas Chlormdcium beschleunigt , von Wasser verzögert die

Uberwbuß von Alkttli achidig t die ia bwirkung (Johnson
m

.

Das L a b fe rm ent wird unt e r s t üt z t um be:

l i e Salzsäure , ihr folgen nach ihrer W irkung geordnet : Milde , Essig», Sein

w phorsä ure

Zur D a r s t e l lung von La b schüttelt Hammaretcn’” künstlichen Kalb!
mach seiner Neutralisierung mit Mugnesiumcarümat. Im Filtrate ist nur hab , we
Ansä uren mit Essigsiiure dureh F.inschiitten von flüssig er Stearinsiiure gefi llt wu

“ haftet. Letztere löst man in Ä ther, den man leich t trennen kann.

Die Labenzyme verschiedener T i era r ten sind v e r sc h i e d en(Hedifl
Zwischen Imbierment nnd eiweißspnltendom Ferment besteht sowohl nu

Nm 4:ki u. als auch im Pnnkroaw fi

B eziehung ; die 1£eugen der beiden Fermeute gehen vollständig pa
_

n\leL

bnben daher angenommen. daßes sich iiberhaupt nicht um zwei versehi

d
handle , sondern um einen einheitlichen Körper , der zngieicix eiweigm

\gzznridWirkung habe ; von andern wird dies bestritten (vg l. S a oq
'

nlow b
‘“

Ra koczy

1 80
)

Nachdem das Casein imMagen
dnuenden Wirkung des Blngensafles.

welches peptonisiert wird , undP
öslicb

,
wi rd aber schließlich auch

organischenSäure, derParsnu



Autienmne sehr 174
(Fig . 77. Im

dem pur1dy tiscb

renden, verkleinc

kreus ist die
\
c

p fh demngvu der Punkrou u llen in versch iedenen S tudien der der geschrurnpfl
Tl t ig t e tt : l im Hung erzustunde , 2 im erstenstudium der Ver

f° t 1dumm . 8 im zweiten8 tu linm , 4be i der pord y ä nchonSekrefloa .

"8 W lh$
(Fig . 77. 4) (B a d

Zwischenden sensehlßuebenliegeneigentfimlicheZellenkomplexe(Lang e ”
Inseln), welche mit keinem Ausführungsm g inVerb indung stehen; die Bedeutung
ist noch nicht klar (vgl. S.

A b sonderung des Pank reassa ftes. Man kannbeim
einenR u h e z u stand

,
in welchem die Drüse schlsti' und blsßg e

einen Zustand der sekretorisehenTä t i gk e i t, in welchem das 0
schweilt und blnßrot erscheint

,
untersche iden. Bei der Absender

halten sich die G efä ß e ähnlich wie die der Spe icheldrüsennach
rcizung : sie sind erweitert

,
des Venenblut ist hel lrot : es ist dab

sehe1nheb daßhier eine ähnliche Innervation vorhanden ist (51

(Pawlan Gottliebm ) . Bei der Tätigkeit der Dress 1
den Speicheldrtiseu der Suuerstofi

'

%rbraueh und die Koh
„mg; vermehrt (Ba rcroft u. die Lymphbildnng

Sekret steht beim Kaninchen unter einem Ab ana d e ro 11g sdrnß
1 7mm Es. Kühne u. L m‘" fanden, daßnicht alle lä ppcben zu gleicher 79

\ n wenn. (Des Pankreas der Herbivoren secerniert unn t m hem .

Die Absonderung des findet nur nach N eu.

nahme statt
,
und zwar w ird vereniaßt durch denÜ b e r

s au r en Mag eniuhnlts in den Dunn Pawto a

i 1eim n. Klee Bringt man im Versuche Säuren(3110— 50see“

indas Duodenum oder Jejunun1, so beginnt nach eWa 2 M i

lebhafte Absonderung des Pankreas ; dieselbe dauert etwa.
nimmt dann eb und hört nach etwa 10Minuten ganz naf.

Ü ber die Art undWeise
,
wie Anregung des Punq

tigkeit zustande kommt, geben die Ansichten noeh uuseina n:

Bayliss u. Sterling
" °
(1902) w i rd durch die Säuren ein in de n

oberenDermabschnittes geb ildeter Stoff, dns „Prosek r e t 1 n

nämlieh in „S ek r e t in“
umgewandelt. wird durch

fäße dem Pankreas zugefüh rt und regt di rekt die Drüseuw \

an. Daßdie nervösenElemente dabei nieht betei\i g
aueh daraus hervor, daß die Wirkung des Sekt enns auch

ret1n läßt sich mittelst Söll" v

mssßt't
tgi. aus der 8chleimhaut des Ohm “Dahndm'm sein

1 bei 1ntravenöm Injektiondes Ex“ k\gg
3

Og
“w



113 . Der Paukreasseft.

bei Hunden in den A9 3mhfl lngsgung eine Kanüle rnit einem Bläschen,
in

Saft sich sammelte .
Anden leiteten dns Röhrd1en durch die Bnnchdecken

und machten so eine trang i tor i soh»Knuiileniistel. Aus einer solchen die
gieieb mwh der Operationso gut wie gar kein Sekret ; des Pankreas scheint
durch den 0perntionsrr iz gesetzten He mm ung seine Arbeit fast ganz einzu
sucht man das Tier mit der Kanüle am Leben zu erhalten, so tri tt nach 1—2

besflndigc», übermäßige Absonderung eines diinnflflss igen, schlecht wirksamen
vdd1cs offenbar dem normalen Sekrete nicht enwprirht. Noch ehe dieser l ust
wird das eirg ebundene Kanülenende outztindlich abgesm und die Fistel s

wieder. Eine wirklich d a u e rnd e Pankreastistel erreichten Pawlow "
u. 11

dadurch. daßsie das Stück des Duodenums . in weleim n dcr Pnnkreasgang
schni tten und nach außen in die Bunrbwnndc einnäbten. Ein so operiertes T1
sorgßltigor Pflege (die Bunnhhaut wi rd leicht durch den uusii ießcndsn Saft 1111
passender Ernährung (Milch und Brot, dazu 2—5 g Soda pro die) mo1mtelun
erhalten werden.

Die Menge des im Tage abgesondertenPnnkreassni
'

tes ist

nun bekannt
,
da bei den Tierenmit Pankreasfisteln unbekannt

des Suites durch Nebenausi
'

ührungsgänge inden Darm gelangen
so der Bestimmung entziehen können. Auch wechselt die Menge
Nahrung (vgl. unten die Tabelle nach Pawlorr).
einem Patienten die Absonderung des 1’ankmsesaftes beobachten.

ternen Zustande wurden 15— 18 0m '
,
naeh einer Mahlzeit 30

Stunde abgesondert. Die pro Tag seeernierte Saflmenge schwankfl
500und 800cm‘

.

Der zeitliche Verlauf der Pnnkreassekretion zeigt in der 2.
—3 Stund

Nahrungsaufnahme einMax imum ; im einzelnen gestaltet sich der Verlauf je 11

geflit Nahrung verschieden (vgl. Bablr1
'

n

Der no rma l e Pank re assa ft ist durchsichtig
,
furb und

sah ig vonGeschmack und besitzt infolge des Gehalts anN a t r11
bona t einerhebli ches S ä ureb indung svermög en, bei Säurezus
er durch Abgabe vonCO,. auf. Von dieser starken T i tra t i on.

oenz ist zu unterscheiden die ak tu e l l e R e a k t i on(vgl. 5
.1ucröach u. Pick ‘” sich nur sehr wenig vom Neutralpunküa
einer schwach alkalischen Reaktion entfernt.

v lom ‘“ gibt folgende Tabelle tiber die Zusammm setauug des Paulus

Hundes nach versch iedener Nahrung :

Div Hanptrnassr der organischenBestandtei\e
zu denNuclwproteiden(dr

Fiir menschliehenPankreassaft
zweite Portionsteht inKlammern) gib917992 1
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Bau der Leber.

„M ondesW hen beglei tend) in Zweige der Pfortuder einmdnden
Arteriemwdgo ttow bis zur Oberfläche der Leber horror , woselbst sie
der Perit11nen“>ii1le

°ill Weitmnsehigss Netzwerk bilden. Die sich von hier
Venenstämmuhsngolmsen gleicbf.>11g zn Pfurtaderinteben

3 . Die Die feinstenGailengänge (Gallenm pflh ra:
Centrum des Acinus her. und ebenso im ganzen Binnenhereiche desselben,
(1—2 p dicke), sehr regelmäßig m stomoeierende, gerade verlaufende 851111
um jede Leberzelle eine polygouule Masche. Die Röbrcben liegen isst steh
der Flä c h e zweier benachbarter Lehenelleu Fig . 78. 11. a ) als echte 1

durch lineern1ion ver

F ig . 19

[ M emo eines Lebe rlßppeheus. V. V. ?om inu rlolm lem . V . 0Vom centre!
tum zwischen beiden. l . Ven. u blobulu le. 19 Von. vu enlurim A

u e , 1101 r r endie (”W ho Kapsel und di e gr0‘erea Geh “ W und
Von.» vm h n-s bildend, bei t t in die O>oplllm u der Vom inter iobuh m

det Gd lengu m , bei 3 .r sich ioßrcelluler zwisehu den Lebem llw

ödLogo der Lebem llen zv ieehou denM ender Elum fl th r.a . l l h olten
hü 11 einer Blutcopi llen nni iegend. bei 0 einen feinen Q ui lm nnc Midi

en verhnfeu, die Galienriihrehen jedoch auf den
0 steh dureh du wisehenliem 1ie Leben01hm getrennt (813 . 7‘

1>

nnn (Fig . 78 g ) sieh mit den
zu bilden. welehe fortan inW M S

‘

>t
‘

«1 nnd der 70n0pbflm*

um W ügh als mm»bepatieus die Lebe
6

inte hbul.üreu Gnnm änge b®ß\ß6ß a“°
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m a un g u van m u t: EN

werden, in der Leber abgelagert )
m an ; 8 16 w arnen , w ou u m u m u

117. Die Zuckerhamrnhr.

" Experimentelle G]

Die c kerharnrnhr (D i a b e t es melli tus) stellt eine Störung
Va hä .ltnissen dee Kohlehydrntstaofl

‘

wechneh dar. Es kommt dabei zur

Trtnbm nclrer im Harn(oft in sehr gmßenMengen; bis zu 1 139 und
gleichzei tiger starker Vennehrnng der Hm monge (his zu 101 und
Die Kranken leiden infolge der erhöhten Diurese an besfindigem Durst
lustes eines wertvollenNnhrnngsstoifes (des Zuckers) an starkem Hunger.

hy drate aus der Nahrung fortgelassen, so kann die c km neooheidnn
aufhören. sogenannte „leichte Fälle“

; inanderenFällenbleibt sie aber nu
freier Kost bestehen, sogenannte ‚ schwere Fülle“

(vgl. Km

nicht zum Stillstand , so tritt starke Abm0gemng und schneller Verfall
gehnlt des Blutes (vgl. und der Säfie ist erhöht ; er bedingt
kationen (Furnnknleee, Hautjucken, Gangrän, Linsentriilmng , Dispositit
ln Ham kommt es zur Ausscheidung von Aceton, Amtessigsi ure,
whwer0n Fällen wird zuweilen ein eollapgusartiges Genua (Gonna diabetii
welchem der

'

I
‘
Od erfolgen kann.

Exp er im ent e" kann man Zuckeransscheidnng dureh den Hm
Weise erzeugen; die Ausscheidung von Zucker durch denHarn kann ab.

weiteres mit dem Krankheitsbilde des menschlichenDiabetes identifiziert
1. Ali m entä re G ly k osur i e. Nach sehr reichlicher Zufuhr

Nahrung tritt eine kurze Zeit anhaltende. geringfügige c keram chcidn

ein. Die Leber vermag oti
’

entmr den reichlich znsh *ömenden Zucker ui

Gly kogen abzulegen . ein Teil gelangt direkt ins Blut (auch unter Un
durch Besorpä on in die Lymphgefi fle. vgl. 5130. erhöht den Blntzn
Norm und fiihrt so zur Ausscheidung dureh die Nieren
Diejenige Menge eines Zocken, die gerade genügt, um d imentq

snfiihren, wird als „Amimih tionsg renze
‘ bezeichnet. Dieser Wert ist fü

bei verschiedenen Tierarten, versehiedenen Individuen verschieden; so

Individuum schwankt er nach den jeweiligen Umständen. Die Assimiln
verschiedenen Znekernrten ist ebenfalls verschieden: am höchsten liegt
nechnriden (Tranbenzneket ), am niedrigsten bei denDisaocbnriden, be

wohn. Dies erklärt sich daraus, daßdie Disaeeharide erst in die Monos
werden müssen. um von der Leber inGly kogennmgevnndelt werden 2 !

sie bei reichlicher Zufuhr zum Teil nngespaiten ins Blut , so können 0

etwa noch im Blnte gespaa werden, wie z. B. die Maltese, weder v

vonden anderenOrganenverwertet werdenundgelangen dureh denHan
(vgl. S.

2. Eing r i ffe , w e lc h e di e c kerb i ldung in der L eb e r s

die normale Znekerhildung inder Leber übermäßig gesteigert , so win
Erhöhung des Blntznckergehaltes eintreten miissen, dc denOrganen m t

als sie verbrennen können, und dami t c keransseheidnng durch den Hi
Unter denEingrifl'en, welehe in dieser Weise wirken, ist an erste

der Znekerstich Claude Bernards ; durch diesen wird das die c herbü

W ende Centrum in der Modelle oblongata direkt gereizt (vgl .
die Reizung gewissm' Teile des Nervensystems , welche das Znekercenti

verbinden,
sowie reflektoriscb die Reizung eentripetnler Nm enbnhnen

Zuckereentrum inVerbindung stehen (vgl. 30 erklärt sich
ma Zucker im Harn bei Ischia nnd «nderen N0rvenleiden. Eine

M m dadurch c kerausscheidung‚ daßsie das
Zuckm mm in



inmenschl icher G: 8 "° (ebenso be im Rinde ) überwiegt die
Hundegal\9. enthä l t überhaupt nur Taumcholsänm

,
keine G!)

a) Die G\y k ocholsä nre C,.H., NO, zerfä llt dureh
Kalilauge oder Barytwasser oder mit verdünntenMineralsäm
nahme von H, O m G l y k o k o l l , Am inoessi g s ä u r e OH
0008 Ch o l a l sä u r e (auch Cholsäur0 genannt) C„E „

b) die Tanrocholsä nre C„ zerfäflt bei
handlung unter Aufnahme vonH, 0 inT a u r in, Am inoä thy l
OH, (NH‚ ) CH, SO, (OH) C h o l a lsäu re C,.H.„O„.

Darstellung der Gn11ensäuren. 6 1 110 wird auf ihres Volume
zur Entfernung der Farbstoffe mit

'

l
‘
iorkohle zu einem Brei verrieben

getrocknet. Die schwarze Masse wird mit aimolntem A lkoh o l ansgm gen.
los abfiltriert Nachdem man einenTeil des Alkohols dureh Abdumpfisn verjs
im Ubereohnßhinzugesetzter Ä t h er di e g a llensanr en S a lz e müngn hl

spl ter geben sie in eine Krystallm asse g li nzender Nadeln über (H atuers

lini er t e G a l le“

. Die so gewonnenen A lk a l i sa lze de r Ga llen
lei c h t in W a sse r o d e r A lk ohol lösli c h . nnlö s lich in Ä t h e r.
lösung der beiden Salze schlägt neut ra lenessigsnures Blei (Blézueker ) a i

Gly koc ho ls iinr e reinnieder (als g lykocholsanres Blei) : letzteres wird
gesammelt, in heißem Alkohol gelöst, durch wird Schwefielb10i ni.
nach Entfernung des Niederschlages bewirkt Wasserznsatz dns Ansfellen
Gly koobolsfinre. Wird nncb Ansfflllnng des g lykm holsanren Bleies d>

bss i sch -w im m Blei (Bleiessig) versent , so bildet sieh ein Niedersu
rochol sanr em B le i (jedoch verunreinigt durch glykooholsaures Blei ), uns
in analoger Behandlung die freie Säure gewonnen wird

In der Rindsgalle und Menschenne kommt noch die Gy koehole i
Glykokoll und 0h ole insäur e bestehend ) vor, in der HundegaUe nnd Rinde
rochnl e insä nr e (ans Taurin und 0holeinsönre bestehend ). in der Sch

Hy og l y koc lm ls ii nre‚ in der Gänsegalle die 0h enotanroeh o lsßnr e,
1lmschengalle noch die Fe llinsä nre.

Die (Ihola lsänr
‘

e C, . 05 ist rechtsdrehend , nnlösliel
lösl ich inAlkohol ; inÄther ist sie schwer lösl ich undscheidet
inPrismen ab. Ihre krystellinimhenAlkalisalze sind leicht 81

Wasser lösl ich . Mit Jod gibt sie eine im auffal lenden Licht
durchfal lenden blaue krystallinische Verbindung
sie nur im Darme vor (S . Durch Kochen mit kon
oder trocken erhitzt auf 5200" w ird die Cholalsänre zum Aula
D y sl y s in.

Das G l y k ok o l l (auch G l y c in genannt) ist e ines der 8 1
des Eiweiß (hauptsächlich des Leims) (vgl. S . im Bern 1
Verb indung mit Benzoesänm als Hippursäure vor

Das
'

l
‘

anrin leitet sich vondem schwefelheltigen Spalt
Eiweiß

,
dem Cy stin ab (vgl. S . II). Das Cystin ist das

Cy steins dieses geht in folgender Weise in
'

l
‘

aurin tiber :

CH, SO, (OH) OH, 80.

OH — NH,
—> CH — NH, OH,

- NH‚

CHOH COOH
Oysteinsänre.

Friedmann führte 0y stein inTaurin ii ber ; screw "

zeigtenden Übergang vonCystin in '

l‘1mrin im tier i schenW “

Die Pettenkoferschem Probe (1 8 4 1

9 .

Cholalsäure und ihre Anhydride geben g e lo st



1%us.} Die Gaüenfiuhstofl‘
e.

von obennach unten folgende Farbenringe : Grün Biliv e

Gelb. Die hierbe i entstehenden arbs tc

da tionsptßdni; tß der Gellenfarbstofl
'

e.

Der bei der Gmaiineohen Probe entstehende blu e Farbstofl
' wird

der als m m Oxydationsprodukt entstehende gelbe Farbstoff als Ch ale t
In Ga110ustoinen sind außer dem Bilirubin und Biliverdin noch ein

Gallenferbstott
°
e gefunden worden.

Biliverdin soll in betri eblicher Menge inder Placenta des Hundes
Das B ilirubin geht durch R ed u k t i on (bei Behandlun;

sehen Lösung mit Natriumamalgam) unter Aufnahme von
H y d r o b i l i ru b in

,
C„H„N4O„ über (inWasser nur wenig

,
lo

lösungenoderAlkal ien Alkohol , Äther, Chloroform lös lich). Diese
vollzieht sich regelmäßig im D i c kda rm dureh die Ftiulnie
bil irub in ist daher ein konstanter Farbstoff der Faeoos, aus

Ansä uerung mit Schwefelsäure durch absolutenAlkohol ausge
kann. Wahrscheinl ich ist es mit dem Harnfarbsto e Urob

oder nahe verwandt.
Außer den spezifischen Gallenhestnndteilen: Gellcnsiiureu und

kommen inder Galle noch vor :
3 . ein schle im ä hnli ches Nucleoa lbnrnin aber eu

sie medien die Galle fudenziehend. Sie

Schleimdriisen der Gallenwege und der Gallenhlase ; durch Alkohol oder ven
M p i ure worden sie geflillt

4. C holest er in, C„H„O (n pag . 20). Es bildet glashelle rh

(Fig . ti2‚ d). ist unläfl icb inWasser, löslich in heißem Alkohol, in Äther
Inder Galle wird es durch die gullensauren Salze inkolloidnler Lösung 01

Am einfachsten wird es uns sog enannt en „w e i ß en“ Ga l le

gest e llt (die nicht selten großenteils aus fast reinem Cholesterin besteb
sie zerreibt und mit Alkohol auskocht. Die bei Verdunstung des Alkohole si

Krystalle fi rbennich mi t Schwefelsäure (5701. zu 1 701. Wasser ) vom Run
violett, mit Schwefelsäure und Jod violett, bleu und grün.

5. L ec i t h in (vgl. S. Fette, Seifen, Äth0rs0hwefelsiiuren, ge

säuren, Spuren von Barnston’.
6. A norgani sc h e B es t and t e i le : 0hlornatrium, Ohlorknlium, Oslo

sim phosphnt und wechselnde Mengen vonEisen. endlich etw as Mangan
Die frisch abgesonderte Galle enthält beim Runde über 50. beim Km:

Pm ente 00
,

teils an Alkali gebundene, teils
letztere wird innerhalb der Blase fast völlig resorbier t.
Ana ly sen m ensc h l i c h er Lehergnllon (naeh

Fred“: u. r .

Feste Stofl'

e

Wasser
hinein und Farbstoff
Gallensuuro Alh li en

Tauroolmlat
Glykocbolat

Fettsäuren aus Seifen

Cholesterin

Fett
Lösliche Salze
Unlösliche Salze

In di e Ga lle g eh en v e r sc h i ed ene S ub s tanz en.

sieren, üb er, so z. B. : die Metalle, die auch im Lebergew e b °

Jod Brom»
,
Bbodunkulium . ch>om u m Kulium ‚ A rs cm1

gespritzte Ga lle (auch die anderer Tiere), salicy lsuures Natrinxl “
K ”

m
M ylanblnm Rohr. undTraubenzucker. Äthy l° > Amylalkohol '

S
bares mmßinder om. auf> 11 . Eine:
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dm M TRM
Wied" eingeschmolzen werden. die dadurch

(u nmnikinng W dann e benfalls D.m .. veranlassen.
Elannahm Vielfach an, daßauch ohne di e L eh e l

Umständen direkt B lutfarlm„u in Geilenm übergeben km

Re so rp t ionsikte ruß.

Die Choliimie ist mm einer Reihe chnrnktcristisehu Brad
1 . Gallcnt

'

arbstoii
‘

e treten in die Gewebe des Kürpers übe:
Sclr ra nimmt gelbe Fiirhung an: daher die Bm ühnnng ße lhsu.

sich nnch die Frucht .
Galleni

‘

urhstot?e treten inden U r inüber (ni cht inSpe
ilt radig er Güeni

'

urhstofl
’

gcimlt macht denUrin tief geibbrann
gelb ; eingetauchte Papier oder Iminenstrcit'en färben sich eben.
ruh

’

ni krystnlliuisoh vor. Gallensäuren treten in dem Urin nur ii
3. Die Fam e werden 10hm fa r iüg (weil das aus G

Hydmbilirnbin fehlt}, seh r h a r t (weil der verdünnende 8
Herrn gelangt) , fe t t re i c h (weil die Fette ohne Galle im 12
«ine t werden, so daßselbst bis des genossenen Fettes in
erscheinen vorwiegend Fettsäuren und Seifen in den Paeme,

und se h r st ink end (weil unter normalen Vcrbältnissen die in
die faulige Zersetzung des Dnnninbaltm einschränken soll ; di

jedoch seh r zw e i fe lh a ft) . Die .Ko tentlee rung erfolgt tr
dcr Fneces‚ teils wegen Fehlens der die peristultiseheu Bew

im Darme.

4. Der Hr rzsrh lng wird bis gegen 40 Schläge in 1

rührt her von den gullennaurcn Salzen. welche das Herz zum
Neben der Einw irkung auf das Herz ze&t

der kleinsten B lu t ge fä ß e, V e rlang samung de r Atnu

T em p e r a t u r.

5. Eine Einwirkung auf das N e r v ensy stem , wahrsdu

gnllrnsanren Salze , vielleicht auch auf die Muskeln, zeigt sich
Abspannung, Müdigkeit, Schwäche und Schlatknrht, endlich tivi
Schlußosigksit, Hantjuckan, selbst 'l‘ohsnrht nnd Kri mptm .

6. Bei bmhzrsciigem lkterus entsteht Gelhsehen (Lam
Impri gnafisn der Netzhaut mi t gelbem Guüenfnrhstofi.

121. Wirkung der Galle.

A. Die wichtigste Wirkung, welehe die Gal le
ist ihr

'

Einflußauf die Ve rd au ung und Resorp ti

l . Die Galle wandelt (ebenso wie der Paul
die neutralenFette ineine Emu l s i on um ; indem hi

des Fettes stark vergrößert wird , w ird die Einwi
lösl ichen Steapsins des Pankreasseftes auf die inW:
wesentlich beg ünstigt.

“

2. Auf das emuleionierte Fett wirkt nunmehr
kreassuftes (die Galle selbst hat keine fettspaltende
in Glycerin und Fettsäuren. Das Glycerin ist in
ohne weiteres der Resorptionfä hig . Die Fettsäurensin
unl ösl i c h ; sie werden nunmehr durch die G a l l e
dem A l k a l i d e s D a rm und Pank reassaftes i
l i c h en Z u s tand ü b e rg e fü h rt

Naeh Moore n. Rorlramod" ° lösen 100cm' frische alk1

Ö lsäure. Pfiflger
‘“ bestä ti diese Beobachtung, zeig te aber w

Maximum der zugesetzten lefinre erst dann löst , wenn ihr 3

Menge Soda zugesetzt wird : Ill ) cm“ Galle lösen alsdunn wenig
Gegensatze dazu löst Galle von Pulmitinsi nre und Stearinsäm

mm 50 gut wie nichts. Wirkt aber Galle auf ein G e

Oder Staarinsfi llf e
Ö lsä ure bei Gegenwart der äquivalentq



Bei Gelleflfisteiti e'el) und be i Behinderung des Abflusses der Geh
Darm liegt die Pens

_

taltik sehr dam ieder.

E. Beim Ei ntr i tt des stark sauer reagierendenMag eninh
das Du od enum werden die gallensauren Salze zerlegt , es ent>
Niederschlag vonGallensäurenundEiwe iß

,
der auch das P e p s inm

reißt Auch durch das Abneutralieieren des samen Mageninhal
eine weitere Wirkung des Pepsins im Dam e gehindert.

Wenn Galle in denMagen tritt , so wird dadurch in gleicher Weise

verdauung beeinträchtigt werden; sobald aber wieder neuer Magensaft sbgee
wird die Verdauung fortgesetzt werden.

122. Der Darmsaft .

Bea rm des Mensehen ist 7mul so lang wie die Körparll rgge vom 8

rum After (der Dann der mehr Pflm zen essenden Anis ton ist um läng er).
und die Kapazi tät des Danns ist bei Kindern rela tiv am größten. Der MÄnnt
etwas länger als der der W0ilmr . Der Darm der flerbivoren ist llnger ul:

Carnivoren. Bei Froschlarven stellte Balnflo‘" fest , daßPflanzent‘tith rnng eine
Verlängerung des Verdauungskannles gegenfiber Fleischffltterung hervorruit.

110a können 2—4m Denn m emiert werden. ohne dnB dadurch eine Gola!
Patienten entsteht ; allerdings ist die Darmtätigkeit. besonders die Resorption bee

Hunde ertragennoch die Wegnnhrne v

Dünndarms (Erlang er u.

Der Darmsait (S u cc u s entericue) ist die von den za]

Drüsen der Darmschle imhaut ahgeäondßrte Verdmm gsflüssigkc
größte Menge derselben l iefern die LieberkühnscbenDrüsen; oben
denum w ird dazu das spärl iche Sekret der a m chenDrüsen

Die B r unner schenDrüsen duden sich beim Menschennur verein
Schafe in kontinuierlicher Schicht im Duodenum . Ihre Zellen stehen denen de

drtisen nahe. Während des n erzustandm sind sie groß und hell . während
dnunngsti tigkeit klein und triib die Drüsen enthalten, ebene:
Pyh rnsdriisen des Magens Granula Ihr Sekret 0:
dem Pepsin analoges eiweißlösendes Ferment ; bei alkalischer Reaktion ist es

Abderha ldcn n. Beim Pferd. Rind, Schwein konnte
8ehmm r t n. Gr imw r

'" keine pmteolytische Wirksamkeit des Sekretes der Bru
Drüsennachweisen.

Die Li eber k ii lm schenDrüsen sind einisch»scblnuchfdrmige Drüs>
dient nebeneinander in der Darmschleimhaut . und zwar am reichlict inder
denne (wegen des Fehlens der Zetten) vorkommen. S ie besineu eine aus feinsten

„wehte Membrane propria und eine einschiehtige Lage cy lindrischer D rüse
zwischen denen auch B ech er ze llen vorkommen, spärlich im dünnen, sehr rei
dickenGedärme ; die Dünndarmüüsen liefern vorwiegend dünnes Sekret, die des ]
aus ihren zahlreichen Bechern zähen Schleim (Ur idm lmc

'

n u. D

der Lieberkflhnschen D rüsen ist vom Duodenum an abwärts der Hanpthestn
Darmsa ft es.

Der Darmsaft wird nach Thi'rys‘“ Methode (1864) in folgender Weise
Darmflstol gewonnen. Aus einer hervorgezogenenDarmschlinge des Hundes w
zwei Schnitte ein hnndlnngm Stück so getrennt , daß nur das Darmrohr, nieht
l esenteu'ium durchschniflen wird . Das eine Ende dieser Strecke wird zugehu1

undere od
'

0n in die Bauchwunde eingenäht , nachdem vorher die Enden der

„heben denen die S trecke ausgeschaltet war , durch Nflh te sorn wieder
werden sind . (188 1) läßt beide Enden des hnfeisenfli rmig um znbi egeni

stdck08 auf der Bauchd ausmiinden. Auf diese Weise kann das Ti er nach 1

Operation mit nur wenig verkürzten Darme weiterieben. Di e nach 1

„W e Darmfistel uber gibt einen durch kein anderes Verdaum g ssekret ver

Dam me. London hat bei Hundenim des bm g meh re re m m

(PO! Inste l iu e thode) ; nach Spenseznfuhr fließt denn am den
.

obe t en

hm
“ il ii Magen Pankreassaft, Galle ab, Während dmnn“m

DW “



saure Reaktion des
‚

Dün
pdarms‚

indem das Alk i des l’auhre
Darmsaftes bei der ‘efselfung der freien Fettsäuren verbraucht
Bei Pflenwniressern reagiert naeh
Schleimhaut gegen Lackmus alkal isch

,
aber der Darminhalt saue

durch die Gä rung der Kohlebydrate ,
vgl . S . Gegen kob l

empfindliche Indikatoren, z. B. Phenolphtha lein
,
reagiert nach I.

der Dtiundarmchymus bei Carni Herb i und Omnivoren schwael

oder fast neutral . Im Dickdarm ist meist saure Reaktion i m
sa uren Gärung des Darminhaltes.

1 . W i rkung auf d i e Kohlehydm te. Der Darmsaft
d ia sta t ische Wirkung‚

aber in geringerem Maße als Speichel m
k reassaft Hamimrger u.

D ie Wirkung des Darmsaftes auf die P o l ysa c c h a r i d e kann da

g ering se in. enthält der Darmsaft sehr w irk
die Disacchsr ide inMonosnecbnride ie flihren

,
und zwar

1 . Ma l tese, welehe Mnltose inDextrose überführt (Pautzn. 1

Dieses Fem>cnt setzt also
s tatische Wirkung des Speichels unddes Pankmassaftes

,
welche im

W op i the l

Hohlraum der 1)N serv
Bindeg ewebe

ßr hllncb e

Gefl lle

Q ua ru hnitt M rrkühm her B rünn.

liebennurMeitose bi lden, fort. Wi rd etwa unverända teMsltose re
so kann sie noch durch die Maltase des Blutes (vgl . S . 8 3 ) in

g espalten w
Inv ert in

,
welches Rohrzucker in Dextmse und Län losr

(Mium Pauls u. Vogel Mendel Naglmo Röhrmmn Das

kommt nur im Dünndann vor, nicht im Dickdarm .

3 . Laete se , welche Mi lchzucker (Lactose) in Dextrose und
spaltet

,
kommt gewöhnl ich nur bei '

I
‘

iemn vor, die in ihrer
Milchzucker aufnehmen, und zwar im Dünndarm junger (saflße

_

ndef

unddes Neugeborenen, ferner bei denOmnivorem Schwere nu
nient beim erwachsenenRind, Schaf, Kaninchen, Huhn, dagegen

>
1 1 Pferd Wurden Kaninchen vom

mumehrere Monate lang fortgemtzt mit Mi lch gefütte rt , 50 “ N

dauernd a tase be i ihnen vorhanden.

Im Foetus tritt dns Invertin zuerst auf, am Anhns de s
klen

ntll.t ; i
&de des 4.Monate, die a tase dagegenerst im 7. bis 8. Mm t

2. Eine Wirkung auf native Ei we i ßk ö r pe r W itz? der

nieht. Dagegen wies C'ohnlaeim ‘“ in Extrakten der Da rum;
n. Seemann Salaskiu 100

,
Hamburger H ek rmt 3 00

'

fi einbesonderes Fermeut „Er ep s in
“ nach , welch es ‚

vornT;
die echtenEiweißköner nicht angreif‘. aber d\e
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fluß. Je 80hnenef ferner die Peristalt
sind die 1*nece8 ‚

W811nicht hinreichend Zeit
xorrüekendeu Ingestis Flüssigke it zu resorh

Die R eak ti on ist oft sau er
,
n

Gärung der KOhlßhydtßt9. entstandenen 81

doch im unteren Darmsbschnitte zur Bi ld!
so kannneutrale und selbst alkalische Reale
sonderung von Schleim im Darm begünstig

Die Fa r b e richtet si ch nach der
änderten Ga l l enfarb sto ffe .
Außerdem wirkt die F a rb e de r Nahrung snm

der Nu1mmg macht die Faeces fast braunenhv arz
durch die Immi

'

iiulnis zu Hämochmmogm reduziert .
grüne Vegetabilen braung riin durch Chlo»mphyii g

Fue r e e : nMuskelfu ern,
Schuß. r Epi thelien, d benk

i'duunense llen. dnzw isehen überall au ssenhmflc

Dhm um Am

K nlkgehalt ; blaurote Pdanzen
s
üfh hlnmuhwm ;

B ildung m Sehwefeleieen (wilw whwm .

Die Fm cs enthalün (dehe Fig . 83 )

Din unverdnuliehr>nRücksä nde der @0wehe
m ittel : Hmm , How webe ; & llulose‚ He

Z ellen, Gummi .

2. Bruchstücke sonst wohl verdnuli®er 80hst:

fi lwrg roßer Menp 1 . waren oder durch Kuna
e rfnbrrn ham : Fleisehrestr (bis

f rtzrn, Knorpelstticknhen, Flocken vonFettgmrebe. eins
ferner .m em: Sä rk1

r vi i
'

0r Hii ' te, m ffiebene des 68

3 . Naeh sehr reichem Mi lchgenuß, ebenso um

Rote f
.

°

fi t i eln wu fettsaurem Kalk Knlks i

Klumpen een in und ?ett auftreten.

schlechtere 7erd
enung und Ausnuh ung des We

drs Pankre sites)
4. Über den Übergang ma Ga llenhnstand t:

Purinb asen finden sich indenFam e mehr uls

Harnsii ure kommt fast wgehuäßig im Menonh m
körprr der Fam e M men zum kleinstenTeil a

m

ans abmma.m nn
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Resorption der Eiweißstofl'

a

sollten dies die A
_

\b u mosen und P ep to n e sein
,
die wegen

kei t zum Durchtntt durch die Darmwand befähigt erschienei
Nun sind aber während der Resorption einer eiweißreic

Albnmosen oder P e p to n e niemals im Blnte nachweisbar.
sie experimenteii di rekt indie Blutbahn , so w irken sie giftig
Blutdruckes (j unge Tiere können schon bei Gaben von
pro K ilogramm Tier zugrunde gehen), Herabsetzung oder Aufhe
rinnnng des Blutes (vgl . S . zugleich werden sie durc
ausgeschieden . Daraus folgt

,
daß bei der normalen Eiweißr

Mbumosen nnd Peptone n ic h t a ls s o l ch e in die Blutbn
können .

Die Angaben über den Nachweis von Albumm n im Blnte werden vi

bestritten; dagegen fand AMnhalden, daß während der Verdauung Am
Blnte in sehr geringer Menge vorhanden sind (vgl. S .

Man hat früher angenommen, daß die Pepkme allerdings resorbier
vor ihrem Übertritt in das Blut eine Bückv e rwandlung in E iw e i ß

HM m ha in“
, (i laessm

“
. Grossmann" , Pritte u. Cramer “

Es kann heutzutage kein Zweifel daran bestehen
,
daßd

und Peptone n icht die zur Resorption bestimmten Endprodu
deu tung des Eiweiß sind . Die Aufspaltung im Darmkanal sob re
über die Stufe der Peptone hinaus zu einfacheren Bausteinen
fort Die Trypsinverdauung der Eiweißkörper
nicht bei der Bildung von Pepk men Halt, sondern führt 1

spahnng des Eiweiß indie Am i n o s ä u r e n . In der Tat kenn
n. Sem ann“ im Dfinndarmcbymus des Hundes L e u c i n
Ly s i n nnd A rg i n i n nachweisen , dagegen keine nennenswe
von Albnmosenund Peptonen; London“ fand außerdem auch

undA s pa rag in s ä u re
,
Abderhalden" noch we itere Aminosä u

C
'

ohnheim” im Darm entdeckte Er ep s i n e1

nicht auf natives Eiweiß
,
sondern nur auf die Albumosenan

und s altet sie bis zu den einfachsten Spaltp rodukten ; na
wird as Eiweiß im Darm durch die v e re in ig te W irkung der
fermente v o l l s tä n d ig in die einfachsten Spaltprodukte zer
durch kochende Schwefelsäure .

Andererseits hat sich zeigen lassen
,
daßTiere mit w e i t

Eiw e i ß ausreichend ernä hrt werden können. Es gelang, !
Fütterung mit Verdauungsmodnkten des Eiweiß , die ke i

r e a k t i o n mehr geben (vgl. S . im Stickstoffigleichgei

halten (Loewü’
,
Hemi ques n. Hansen“

,
Allerdi

negative Ausfall der Biuretreaktion noch kein Beweis dafür
,
da

auch wirkl ich vollständig bis zu den einzelnen Am inosäuren
(Abderhaldenu. Aber auch mit Verdauungsprodukten
die nachweislich nur noch aus Am in o s äu ren bestanden

, gela
ausreichend zu ernähren

, ja sogar Stickstofl
‘

ansatz bei ihnen
(Abderhaldenu. Dasselbe ist beim Menschen b>
mit abgebantem Eiweiß vorn Rectmn ber gelungen (Abderh
n. Man muß sich daher vorstellen ,

daß
Da rm unter gewöhnlichen Verhältnissen das Eiweiß ganz 0‘
großen Teil bis zu den einfachsten Spaltp rodnk ien,

_

deu

abgebaut, daß a lso das Eiwe i ß in F orm v on
b i e rt wird .



Ernä brende Klistiere . Subcutane Ernßhrung .

ö. Reä
orp t ion and e re r S toffe. Auch vie

“"ganiscbe t ffe kommen im Darmknual zur ResorptiÄ‘kohol schnel l resorbiert
‚
hauptsä chlich durch die B]

“her auch durch die (‘

hylusgefliße
t Fa rlm to fi

'

eu wird Alizarin, Alkmna, Indigokzmnin
Ted, wie Hi mntin; Chlorophy ll wird nicht rem rbiert. Zahl :

imPh
"°l

l

fleunigc Auümhme (Blansiiun nach wenigen Sekunden) ;
YOS .

'“i°k ,

B9 90rp t ion aus den G ewe b en h e ra u s (nach parenchym
Flüssigkei ten, welche man in die Parenchyme einspr

Hierbei smmm sich in erster die d
In letz tere em .. hierbei , von densw»unds..mm .

“eine Körpercheu h inein, z. B. Zinnolwr und Tumbckürnchcu
BlutkörperchenwmBluterg iissrn ber, FefltrÖpfcba vom Markelm

_

h
w°fden alle 1.y xnphgdäße eines Teil es unte rbunden, so finde

”Int“
schnell statt wie vorher ; daher müssen die resorb ierten F

n.; aufgenommen worden se in. Der entgegengesetz te Versuch .
%:nk _

aller Blutg eflißc keine Resorption der Parenrhymflüu igkoib
”Ihe ) [j tbeteiligung der hympbgeßße an der Aufsanguug , w

na türlich auch die I:ympbbildung in den Geweben
‘n Lvmpbströmung aufhören muß(5 134. Die Au fanug
"Da G g

°

we h e, namentlich indas sui>cutune 7.dlg ewehe, g eh rnc!
"s %°byma tzö ae und unbentane Inj ektion“

) e r fo l g t m e i s t schne l l.
Inj Verab reich ung per 08 . Man bedient sich daher auch mm.
de,.

ak ti onan von gelösten Arzneimitteln zu Heilzweeken. Außer d.
°%

Rea°rp tion
bi etet die subcntane Injektion vor der Vernineicbuu;

d°'eb
deu Vo rw ilv daß manche Mi ttel , welche eingenommeny erden,

ROI d°nVe rd a uungsprozeßso zersetzt werden, daB me g ar meint nav>
könn6 ° °

[31 .
Ernä hrende Klistiere . Subcutane E

i ‚\ Ienecb en die Aufnahme der Nahrung durch denMi
" 0

kei t des 068011hazu8 , bei nnbnltqmdern Erbrechen
e l ; C om . (3—Ö n. eine Ernährung w
v

w ," die Resorptionsl
’

lhig keit Dickdarms der
5

( l e Tätigkeit des Diekdzmns fast gar nich t stattfi
" 0 1 ,

Substanzen m enden. Ei sn li

(ter einlanfom ; der Empfing er
Größere Mengen als Ii l ) rm

'

Peristn1tik bewirken und anhn
gerät di e Fliissig keit mitunter



M W vgl . nnh
Ale S toffw e c h s e l

d e l l D i ab e te s (vgl . 1 17

f ü h r t zu einer enorm hol

U n m uemliebkeiten, amade
W o der Fettsmcb t lieg

e i c h jahrelang Tag fiir
'

l
‘
ug

fi i h r en muß.

2. D u r c h e inen
t ä t ig ke i t : wenig Bewegur
M bung dee pbh gmntiscl
v i e heicht spielt auch die E

i n e wesentliche Rolle.

I ß i besform, te i ls wegen der
w i r kt. c) Da rni ede r l

d e r Kastration, Fettm ht

g is t igo Tä t i g k e i t : Fett
Die B e h and l ung (1
a) die Nab rung sz

u n d einseitige Beschränkum
m i i g1iebst alle Fette und X C
e r z i elte schnel le Abnahme (1
F o lge Die Beschränkung di
s t o ffe eratreclmm und nich t

w i rd am ehestendas Z iel e
E r h a ltung d e s K ö r p e r e

b) den V e r b r a u c h

B ä d e r Tdnkkuren usw.

Unter denni ede r ez
T e 1 18 (Reg ene ra t ion)
Z e r schneidung des Süßw zi
v i d nen zur Folge ; j a es

E r g änzungen. Aus j edem
8 8 nur einenTeil des Ran
W M gerichbntenTe i l e oi
e n d e, aus dem oberen Teil >
E n denKöpfe. Auch bei


