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Foreword

One of tl>o' -ery troubltso me aro:.!gro wing problems in en>'ironmcnlal manage·
ment is how beSt to assesstl><co=q uena:s of releasing cl>omicals iPlo natural
and modified <:cos)'stems. TI>onumber a nd prodUCIion of chemica l compo undS
increa se_ Tbe rechnolog;cal capaclt~ to Identify and measure tlleir prcscTICC
cnla'lles . As kno ,,'ledgc of organism and ecoS)'Stcm pr",,","" IS deepened. tM
comple.ity of tr""ing out their effects multi phes.

In t~ circumstances tl>o"isc choice of metbod. for eu mming the effect, of
chemi cal. in the environmen t ha. becomea matterofurgcnc) Upo n tM method
>elected and it. pro per applica tion may ",st a series of decisions as 10 industrial
produc tion . go>'ernment regulation . and con. umer choICe. Recognizing the need
for carc{ul app"-",,,,I of tl><Ilro unds for mak,nll those deci.ions .bout tests.
SCOP E begane.ploring in 1978lbe ""}3 in which tbee.pc:ri~andjudgment

of the scientific communit) could be marsha lled to lbe tuk .
Under the ereati"" Ieadenhip of Nonon Nelson. and building on the thinking

embod ied m the Principle, of Ecoroxicolog j" (SCOPE 12) edited h}' Gordon C.
But ler . a plan was de"eloped for a Scientific G roup on )"lethodo logioosfor the
Safet) Eva lua tion of Chemica ls. Thi s was established joi ntly ""ith the World
Health Orga niza tion. Sub>cque ntly the Un ited Nation. En,-ironmePl
Programme a nd the In terna tiona l Labou r Organi:<ation associa ted tl>omselves
",'ilh the effort, "''' htn the framework of the Intern auonal Programme (Xl

Chemical Safely (IPCS). sponsored by those three UlUted Nations OrganIZations .
In the Iypical mode of SCOPE activities, the ""ork ""as interdi<elplntal) and

international. a nd It $Ought to pro>'ide object;'-e <eiePlificad>'icefor the benefit of
go,-ernmc nts a nd interna tional organiza lion•. It dre '" hea" ily upo n the "'search
a oo jndgmw t of sciePli,1S in more than a dozen coun tries. F i"" nc.. 1support
came from their home Institut ions as "-ell as from a ,.. riely of organizatiol1.'l

This volume is the first in a projec ted .. r ... . a nd e.cmp lifi.esthe approach 10 be
laken in exami ning ,.. riou' facets of e>lIlualing chemicak in tl><en. 'ironmenl . It
is a eooperah, .... ploralion of an enlargmg pr oblem and i' helpful in outlining
"'hat "'.. don' t know as ",..11as '" hat wedo know . It tbere b) Strengthens lhe base
for sound en>';ronme ntal mallllgeTncnl.

GILBERTF. WH!1l!



Foreword

The l nl~ma tional Programme 00 Chem><:al Saf~ty (lPeS), a joint proj«t of the
UOlted Nation' En,iron",., nt PrograOlm~ {UNEP) . the Int ernat,onal Labo uT
OrganisatIon (I LO). and the World H~a lt h OtganiU\tlon (WHO). aims a t
prO!octing human health and the en,itonmtnl from the ad ....,.... dfocts of tbe
e'~r-illCrea$ing num~r of ehemril$ on the mar ket and in the ~n,·ironmtnt. to
,,-hicb the populatioo al larll< may be ~xpo$ed and "'/ti"h also reach other biOla.

The IPCS is the"'fo'" an xious to evaluate the d~s= of risk presented by su"b
"hem;"'l. but, a, the usefu lness of any ~,...luation ~atly d~pends on the qua];t)
and r~habl lity of the experimenlal tecbniques us.ed for det~rminlnlltoxic effecrs.
lhe IPCS is <:TICourasmll the>t d~v~lopm~nl and "al idallon with a ,,,ew to
",""ommendinll those that prod""" internationally romparable .... ults.
Con~u~ntly. the IPCS acti,.. ly supported th~ rev;"w of method. fot asscssinl
the ~ffects of chemrils on "'Prod""'i"" fUllCtion.carried out by the Scientific
G roup on M~thodologies for the Safety E"" lua tion of Chemical. (SGO.\t SEC) .

It" hoped that the report of this ""ient iJi<:group and t!>eindi'idual papel\l
included ,n t!>e present public:ation ...ill pro,'~ to he useful addItions to the
methodology a"ailable in the romplex field of lOxicololl)'. The pub lic:ation, of
course. ",prese n" the perwnal , jews of the ""ienlists involved . but all
partic:ipatinll in the IPCS ,,'ill doub tless consult their work with g"'at inte .... t

M tOtEL. J MUCIEa

MfJ1Ih#T. ImrrtullionaJ
PTogNlmme OIl CArmie,,1 Salny



Prefa ce

ThIS publicalion repons lhe first endeavour of the s.cientific Group on
Methodolop,s for the Safety En luation of ChemICals (SGOMSEC),
SGO :'IS EC iJ"w o ut of an organiz.atlonal meeting sponsored by lhe Rockefeller
Fo undallon in Bellagio. Italy . 15- 17 June 1978,The prol'OS"lsMveloped altha t
meeling ha' -e betn endor=! b) lhe World Health O rganiz.allon (WHO), lhe
s.ci<ntific Comm ln<e on Problem' of lhe EnvIronmen t (SCOPE). nd the UnIted
Xa'ion En'ironmen t Programm e (UNEP) , The s.ci<nlifi<; Group opera~

unde r their general ,poosorsh ip, guIded by an Exeeuli... Comm illee.
The objective of SGOl>lSEC i' to examine melhod, for the predict"'e

e,"lualion of lhe adverse etTeel$of chemical' on humans and OlbeTforms of life
h is the intenlion of SGQ MSEC to re" iew the melhod, which are in an inil ial
stage. have nol )'el beco me roul ine proced ures. bUI are urgen lly needed \n the
as.sessment of tbe etTectsof Industrial and en,-ironmenta 1Chemicals. Such re,·ie"..
willbe concerned mainly with laboratory proced ures and also with epidemiologi­
cal approaches and field stud,es , and "' lth u p-to~ate dia gnostic method' where
these are required.

Beeau« of ,,'idespread concern throughout the world regarding chemical
a,saults on human health and the na'u ral en,'iroomem in Ihe wldesl sens<:. 'here is
a growing t>ee<Ifor reliable methods to e"' luate possible a'herse etTee", Nati onal
and Internal iona l agencIes and individual sciemim need precise methods to
establish pr iorilie s, develop controls , and plan ",gulatlons

SGOMS EC under takes lhese studies to $uppon scien, i", In their endeavours
'" sek>ctmethod. for as"", inll potential chemical inju ry. In man y cases, of
course, adequ ate melhod, are not avaIlable. a nd this reporl under takes to

identIfy lbe gaps and sugge-st research that ma)' be needed to fill them
Whilst inju r}'10 the reproduc t;"e function in the mdlyidual is of major conc.. n

in humans and farm animals. in olher animals and in pla n" the com:ern;$ with
the survh" l of tbe entire species or population ralber than of indi"id uals , !loth
area, are ob" iou, lp"ry broad and some o mission$ had 10he made . In lhe case of
mammalI an ," prod uctIve func' ion. the study llrouP has decided to gi'" '''''y linle
alten tion 10the Iwo area'. germ cell injury and terato logy ThiSdoes not imply
lhe unimpor tance of lhese fields. but some ,"s trict i"n i' imperative. the more so
as these a reas have boen e'len,i'ely revi<"" d elso,,'here,

The bread th cf the non -mammalia n areas is SCIvast that . ,'.n with the

' vii
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deliberate omission of ""me impo rlant areas. lhe prescnl review can only be
regarded as a beginnin&-A. such, we hope it ""ill provide a ""lid base for future
mo'"' detoi\ed eumiRat'ons of II.: methods a,,,ilable

Thedevelopment of this publicalion has extended over a ye.orand has invol"ed
scienli.ts from I1Ulnypam oft l.: world, individually in the review of their field.,
and colleclively in tbe preparation of tbe joinl cond u.ion. and fO:om­
menda uol1$. This ,",port thu. consim of Iwo main part. , 24 contri buted papers.
each representing lhe elforts of individual scienll'ts. and a Joinl Reporl which
represents tbe colloxli,,, .0..:lu.ion. aDd m:ommendation' of lhe scientISts
"wk,ng logeth.,. a, a Workshop in hp ra, ltal)', 4_g May 1981 Tbe autho ..
alone are respon.ible for op,nion o..pr"",",, in tbe .igned contribulions

The Jo,nl R"JXIrt ....as drafted by tho ,,'ork groups listed in each section of tbe
.. port . and ,",viewed al the do' ing plenary ... ,ion of the Work. hop. The
comments and <uggestion. of the plcnary KOsion were incorpor~ted into tbe
drafts of work group reports . Scientific editing ""a, carried out in consultation
wilh an Edilorial C<>mmit1ttwhose mcmbel"$wac Gordon C. Butler (C<>­
Chainnan). W. u Ro) Hoinrichs. V Landa. Thaddeu. Mann . N<>rlonNelson
(!to .Chairman). J . Patizt k and J. plotro""k i . and as.. <led by K. G. Da,'C) ',

Robert L. Oi' on . Rune Elia$Kln.Arnc Jensen. A G. J<>hnols,J . R. Kerr . Donald
Malli'o n. D. A. T . New and l mda R Wudl

Th<>Seresponsibk for organi.in, lhi. acli"it) are "ell aware of Ih. effort PUI
,nlO th. preparalion oftbe individ ....l paper. and the Joinl Report and "ish to
express tbeir appreciation of the time, elfort and .kill. thaI Ita,,,con,nbuted '0
Ihis publicat,<>n.TI.:) a", also gratnul 10 lhe .pon",ring agencies, WHO.
SCOPE and UNEP. ") Ih~ organi:zallonstM' scnt working representati,-..1O
the W<>rkshop , the Or ganizati<>n for Economic Cooperat ion and De,-.k>pmenl
(OECD) aDd the Commissi<>nof tbe European Communilies (CEq . and 10the
Joinl Research Cenl'" for tbei. generosily in providin, racilities for the
Worksh<>pin lsp ", . Than k. also are due t<>agene;,;, "ho pro,ide<! tbe funding
for this aclivity. WHO. SCOPE , the Rockereller F<>"n<!allOn. A. W M.lk>n
F<>undation. the Nat;"nallnS\ itute of Enviw nmental Health Science:!. and lbe
Research Divisi<>nand the Occupalional Health Pw"" mrne <>f the C<>mmi"io n
of lhe European C<>mmunitics,

The as<i<tancc of M, . Judith H. Edm<>nds.M•. Jo)". McMa"" s. M•. D.
R~nfeld> Ms. Vick'ocEngk bright and M•. Susan Schrag in lbe preparation of
Iypescripts is gratnuDy ad n<>...ledged,

NORTO" NElSO"
Cltajrma~. SC~~I!fie Gro~p on

.lfcllwdol<>ll~' for the Safet }'
E'Y1/ua,ion0/ Chemicals
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1lcI_~ V" V_"" 'J_'"
C I.] sccee

I Introdu ction, General Conclusions and
Recommendations-

1.1 1;",.RODUcnON

Tbo LDtereot'" aro;1imponan<:e oIbocb "una .. and D<lC>-hWDa"~rodllCUOrlln
otMous. I.. both ofthnt A1bJeculbore arecompkxil'" and CO<IlIictLn&~Itmt..ts.

Tbo reprodllClioIl of ......y _·bu .....n Sp<C'" IS of ccooomJc:,mpoJ1.lllC'e10

buman ba np aBd N<ll'S<aryfor Ibnr nulntion. ObYious aamplr:s are-'o_
anunall. fisb and cerclis. In "lme cues 1M food is ar-lUaUy a ~n 01 1M
rq>rDdU<"li", ~. e.•. '&IS and Reds.

Oll .. r ~:LImplr:s of human lkpcnderoa: nn nnn·hu .... n populilioDs are
mtestmal bacwna and poU,nau n. inSOCIJof whk b il is imponanl 10 ha.'e an
appropnat~ kind and qua nlilY,

On tht OIM r hand . huma n bein. ma y wiloh10 red~ II.: reprod ucuon of
popula tionJ that in~rfcre wllh their hea lth or ",,,lI.bein g, for ~umple, v"rn"n
lhat "al human food Or carryduease:bilin. inst:eu : m=a l hat carryd,sease:
planulhal O'''''Grow wlle rs or sen:Ind palhogenic bacteria.

In add ilion to IheK homoc~ntricCOtlJideraliollSthorea '" imp<>rtanl OCO10&:ieal
",,-plicalior!J of non· huml n l'ef'rod OCllon. n.. co ndilion of an e<:o$YJlem
depend. on II><rat< of reproduction of a mullitude of Jpecies in relalion 10 lhe
dealb rale of ach.pccies and 10Ille interactiom bet,.,,,,,n Jpecies. The rdal'om
bet " ....n species and COOi)'llCmI are complex and Ia.... ly unk .... ...'n. Tbe
extermination of a opoelt$ r(JImntll an irrelrirvable 10Mand. o.ineeits k>n,·lenn
comequen=; cannot be predICted.m1n'l activir'" Jhou ld nor be permilled 10

hav" 'h&I """,IL
In tht presenl repon lhe dlll:UlllOM 01meIhoch for e'lIluaullJ ,be effe.::11of

ebmu<:all OI1l'ef'rod""""" fU.lXUOllIaredivided mlO,.." pans.,""",de:abn, .lth
mammalian. ,he OIbet .'itb _.matDmalian WJe1S.Tbio seemed JUI,dicd
heause 01 tht al'Pf'<CJlbleIhlfcmllllS ,n bui; cu.-:eptS and apellmenlll
app..-bea. A h bov&h l..htre.u "lme enueoo.moflM approllimalelyequa11l*ll'
aBd utmlioll bemI dl:¥oIed 10 the 1_ 1""'1'" of biota • .......senn.lhe
erlUln__ ,.. My and ... tIIber 01 pbyll (divisicnJ). ca...s. familie5 ......... and

"n. I'ftfU"'I"'" ..'-...._~ e-..c._
n.. __ ~_t.<ao,._Do.",,_Y....-,J H.. ....I
....... J.'-aoob. ... v_ Y__

,
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lofltCo<:$, and the innull'ICrable u'>Chvoduak,n t l><non·lTI/I.ml11/l.lllI11.i"OUP 0(

/l.lUmlIlo. planlS/l.ndnucrootplUllN '" comparison "'th OOI<dusol mammall. 'I
.."" manifcstly impossible 10aUoa~ /l.1I....tioo Oft this basG.

AlIOlber jusuficauoa rOO"tbe cbola: of the ""bject ror t'-s SOO MSEC study
arioosrrom lbe DOUiblelack 0( mc\bods ror uvssi.nj the clI"<etaof cbe-tllKlSlsOil.

reprodlllClive rUDCUOI:I.MtdlUOMUy.sudI .... thod. are rarely ""'bIecI '" •
.....ndard '-.II"'Y 0( lOu;:olop:a1 tests, .nd • so. only to • ~ll1lled almt . II
appeared dlUUll the dl:IcusMonoID this Worbhop lbat ror maay reprodlllCU""
rWltbOOS. csp<aaDy "" ..... . tbe- 1CSU comisl;<d of qualiUltriC· '_II.,or
IDlIIl'boiocYrather tlwl or quanuUlti"" metbods for meaounn, spca6c: booio&I•..,,-

The Worbbop CODCeDtratedon tCSlprocedures thai _Id __ tctmlQU ID

~iD. advice to .. ""wotoUil control.D:! ~pIlatOl) .Ff'C'CS. mdUSInCS"'ill
Ie!af'CIHuI'l"""tiD.l orpIl1DU"", . II ..... _mod that r..IIo$I:acomltaU kIlO_
moot of tbe Icimce bah: 10tbe mcthodololY For I.. reasoo the reade, _'ill find
on1) •~ «t\'Ol'/I.I" 0( tIuI; _1£nlII", the JOOII Rtport _"'-dI COIlCItIIII1IIeS
as rar as possible on lbe-ICSISor tbe-clI"ccuof cbenuc:als on reprodlll:llOll. _ 1><",
tbey cxisl.. lbelr ""iUlbl~t). tho,. .honcominp .nd. possib ly. tholrlack •. 10 tbe­
a.ssessmml or lbe koo_'lIleSu."oumb<1 or .lIributn _=consider<d ,nelud'lII
tho folio .. ; .....

JlLIn WlU '0 prac,jeiMproblfflu As rar a. "",,"ble met hods .hould b<:suiUlblc
fo' as...... o. and ilIurmnalin. problems ;nvolvlII.gch(m.call. spec," and .lTeet.
that have created dillku l!ICSand ma y do so ..... in. A ll. .JWllpi. thol coma to
mind i. Ih.. ff~ of a=ula ,«I chlori nated hydr""", oono on th. ,eproduCl'On
of bird. of pre y

Erooomy Who"" ,,, po$l'blc lho p,ocedu= 'ho uld not requi'" too much
expe nditu,", of .O'on .nd money. ClpeciaUy if tboy are to be ,ou tinely and "'id.ly
used. Frequ ontly. SOIl'lccompromise: ..' Ih thi. priociplo will be req u,ted . For
.:um plc. in .i.., laboratory lelll may be 1Mcheapest. but . xpo-n.,,,, populalion
In,-.s llphOns und.. fi.1d condilion. may be c(KIS,dored tbe most ......... 11.1. A
... riOllSIimitatioa in studies 0( Ia' F mammals is lhal lbe number of ,nd",idual.
studiod is f""luently Iinul<d 10 Amp'" 100 """,0 10 Ji,.......11St>Ca1confilknct

p'rdi~/;.r obiJily It • difficult 10 decid. a priori ,,-tue:1I \l:$1Smay iliad to
contioknl pmIi<:uoos. Howe""•• f.... JrneDliz:Ilions are possiblo Aa n·
uooed .bo>~. popu.labon Mud... 01clI"ccuund .. field cooditioaa.n: on 1M
mtlO1 ~""'OL If 1CSUcaa be found lbal .n: .. 1a:Ifor ... bole:cia. or d\llmAIs.
!bey an: likdy to b<:I2IIOft dliamt .nd ":ollomical . To USISI pccdlClJOO. tall
should permil '1I1/1.11.UUlU,""as' • _ot of the l'l'<pOO"" to Il'/I.deddoa ......~
..... many dillic1lkxs ill r..IIo$I:'1l111luficallOQl.I0 epidemioIop:a1 stu.dics 1Mdows
are ,..,...ly .~, k_'Il . ...\'II .ppro ..... tely • • nd. as "",ntaooal.bo-~. mill. )

b1s'oIoP=aJclI"""".n: ds:nbed .. 'thoul q... lI.tification.
A""th<> plObIornor q... 1I1l1.u.... le$IlII.l is lhe drlIicu1t) · of k"""' ..... """,.1oft.



,
to co nti nue the exposu,.,. how to express it (ooncen tra tion x time. concent ration
in l.arset tissue . amount absorbed $)'$lttn ically . Cle.) and bo w 10"3 to rom;on.
obsc",in, the respon se (houB, days. a lifetime, more than one S"'neration).
Neo... nheiesl it is the dose andthe "'lalive sensitivity of the rteepl or lo a chemical
that dete rmine the re lative hazard.

Accrp, ab ility T his """,,",pI applies 10 a method that may find gen eral
acceptance because it is rel."anl to pracl ical probkms. is ""onomicaL has
predic ti..." abitity. is easy to ""rform, a nd gi,"" comparable ttSUll$. The
advanta ge of "idely alUPled methods performed uniformly and "ith widely
accepted results is obvious . Ma ny .uch leslO""isl already, with or "';Ibout
,,,lidalloD. Whe.. possible Illest .'" ti5l<d . described aDd assessed .

Reserva tion. " "eI'<: genera II}' expressed about the applica bility of te$IS on a
single pan uflbe reproduct;, .. process. perfo rmed on a singk sp<cies wilh •• mgle
pure chemical [n ",.1 life several toai"" or stresses ma y be operating simol·
tanwu sly llnd ,be", may be con$id.rab l< int.r$pttin ,..,,,,,,ioonsluch as ~om ·

pel!t;on and preda'ion.
M.thod. for !Oit;nglho .. pr<>dUC1i~. dfOClSon mammals a .. dilCUISOdin Iwo

"""tiooMof tho Joint R. port, ono doalina "'ith f.ma les, tho othor with malos, ThI:
"""tion on femab includes integrated .. produ,lion studies which .. fteo;, the
o' -erall roprodueli'-e capability of tho mammalian .pecies. and a di"", .. ioonof
epldemiologi<al in"estilllltiolU .pp li<able, in prineiple . to bmh thl: female aod
male funelioo . This .. follo"..ed by a section on m"hods for t""ting thoelfa:ts of
chemicals on ,"rte brates othe r than mammal., sop;>rat. subsections being
de~oled to birds. Mhes, .. pt;""', and amp hibians. The r.poM on in~.rtebrat'" i.
divided dilf«e ntly : one subsection i. d.~oted 10 field 'tudies an d anal) .... of
field..,,,llecled ""' tCTiat ,he olhor to Jabonuory 'tudie> covering Platy­
helminthes. Cn;daria, A""hl:lmlnthes, Annchda , Anhropoda, Mollusca, a nd
Echinodmnata. In 1hI:last section . m"hods appli<ablo to hi""'r planlS, algae
and lttJ<ro<>tpnismsa,..,",v ic",ed. lislS or .. r.reneesciled in lho Joim Repo rt a ..
alta, bed to ."" h sect;on and SO art tho specific conclusions and recom­
mendation. for fUrlhor developmen t or methods and for the m. thod ological
..... areb required .

1.1 GL ....ERA L CONC LUS IONS A,....D IIECO ;\l .\ tE NDATI O:SS

( I ) To~ico logy o f "1' roduct i" . funet;on il a rapidly d.ve loping field and
requires ,ominu ou, updati ng. M" hods fo r labora tory t""ting a nd field Sludi..
dilCussed In this report need to be =;'".-«1 and, if n=<ary. ""isod wilh;n the
next 3- 5 yea ....

(1) Nationa l and inlernatlOnal IClenlifi~ organizalio", .hould be informed of
the conclusIOn. and T't«Imm.ndation. oftbis meeting SO thatlhl: "'holo seientmc
com munity boconv:s aware of the a",as of greatest priomy for ...... reh.
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(3) Workina groups co""emed wirh <freelS of ch<mi<als on ",producli"e
function of microorganisms. pJams and animal. orh<r than mammal. T«!uire an
UII:nsive special;zed e<penis<10be able to consid er adequa tely tbe many spoo... .
l!"neno..families. orden. classes and phyla in"olved. This .hnuld be taken ,nlO
accoun' wlw:neonvtning future workshops .

(4) Wilhin the I ntemalJonal Progn. Jnlm "" Cbemical Safety a syS!emshould
be developed for intemati""al eoop;ration in tbe field nf ehemicaJ effeets on
reproduction in non·human tarjlets. i""ludinjl domestic:and ajlricultural an imals
aod plan\J.

($) An inlematlOnal orgaTlJled ,nterlaho rator y "" mpa n son programme
$hould be estabhshed 10 ,,,Iidate lhe ava,lable teslSunder a ,"".t y of co nd,lions,
For many spooies. jleneraUy u1Cd",u of method' and procedures are anilable ;
bo",.' ·er, their applabi lily under differut eond,tions should be verified.

(6) [merlaboratory comparison a nd validation projecl' require referenet
chemals known '0 aff""" ",prodUCli,.., function in different ,pee ies. An
international bank of such .hemals .hould be estabJi>hed so lhat sample>
become read,ly available. on T«!uest. to rtStarch laboratories and field stalion s
in ",cry part of lhe world .

(71 Field stud ies are n«<'$Saryfor most spr<:,esof plants and an imals in or<kr
to a!lttrtain the relation,hip between elfects observ<rl in lhe laborator y or in
indi'idual CaS<.tudies and drOOlS that aris<:under "",I field eondition •. They are
al"" required 10 identif y the most ",,,.il;' ·e indicator .pee'"and <pecoessuitable
fOf laboratory §ludies (test spec ies).

(8) The rnam pTol>krn m field studi.. . ineludinjl epidemiological in,-..I; ­
gations. is the proper usessm ent of expo>ure, Without elfecli"e methods for
estimating expo>ure such stud i.. are difficult to inrerpre1, Thi' is a problem
common to all to,i<ological field studies .

(9) More effon must be directed 10"'"ro s d", .. loping lest procedures for
..... 5ifli reli.ably. quamitalively . and ..ith precisIon lhe fale aDd effects of
ChemICal. within defined O:OSYS""".

(II) When d", .. Iop'ng tests fOTeff"""s on reproduetive fUn<:tionone should
n01overloo k lhe po>'ibilil; ' of biologi<:al.on"er,;on of ehemkals in\<}more to,k
for ......
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2 Mammals : Reproductive Function
oj Females"

no. gmt oomple .lly lJf the fnnalo ~PfO(!I'CIl\"(" O}'Itcmof ","m","1I1lO1 only
providts mu!liplo larllelll for chemical illJury. but.l"" oII'e'" many endpoints for
e"" lua\ inll 111 fune llon. A single pcrma ocnt set of 0(0)'" formed d un nll
embr yollt"neslJ mu st serve the ent i,. rep rod llCII' ''' lifetime, Biologieal "ho natS in
the f. lruIle ,. prod llCti"" 'Y' tem of mol t mammals can be docu ment w In .ar ly
r.lallif •• at bi rth a nd du rina puhert y, T he s)'l tem leemo to be relati vely qu,escent
dunnllll>l: lat e felal .nd prepuwrtal periods . After the d"dnpment of an
int ...... ll!d reprodue\lve fllnclion durin, puberty. In moM mammals "yd..: and
dynall1lC chan ... characl.nz.. 11>1:pnunal)l .nd o·.... rion aclmly . and ,1>1:
resp<NlSCS of IOl'Ft lJUUes. """"'maus of reproducli'", capacity at any IlltIC'

after puberty.nd bd"ore .... nop.n ..... re therd'ore ahI...y'l .. III((! '0 tbe suo,eof
de>'elapom-nl of\he (oUicIeorCO<J>USlu.lnlm. Pracucally .~. lbe ddimlJ".
aDd 1Il1lmlte lest orreprod"""'", ClplCtly IS _p6o<I aDd o"""'lMflll peq­
"inc} .-hIdI depeDd llpea an 1ddi1lOOl&lODd e>a1 ""'"' compIn WI of
intelfJ,llId fll1lC1IODL

Repn>dIlC1l' ''' pe1'f...... ""'" b) ' f..... 1e.... m... 1s.... depeudJon lhe o..".lop­
...... 101 JeJluol re<:ep(l"ty. COItus,ODdpmete.nd Z)"F'< tJampoo1 ""Ibl" !be
reprodUCIJ". u-..et 10. proper lite where lbe lIDpIalIlOtion of \he embryo """
produoe. plKaIlO (or ade<juale "utnlJOflOl e.."I>o"lIt" M..temo.l pb)'liolopall
fllocuons m..... aodJl'llIOPfomol< ,be ....... rt.ble a:ro",tb oflbe f.. 1I01Omat\tnt,.
AflrT sudden u pai'.., uteri ... c"" Ir1lC110Mlerminate tbe pregnancy. once 'p'c>
• new WI of 'ntelfJ,tl!d funct>ons IS."Il ....llId In lho poslpartum female to prO"ide
for nurturin, of tho PfOlIt"ny

T es, ;n, for repr oduct ;ve tox ie ity' m... t necessanly ,ndu de some of tho methodl
=d in t. rat olov and ,,,,,,, tie toxiro loV . Reproduc:tion failures such as
abortIon and red uced feta l v o"" h ma y reflect pn ma ry mjury of eithe r tho fetus
or lhe mother or bol h. ,, 'h ieb may be produced by similar or dilf .... nt
=hon'mlI . O<:x:asionally. as "'itb .nen«phaly ,n primatrs. a prima ry r.tal

.~ _ _ ~ \>faw "",, __ by Vi 1.<.. ..,. --. TIlo.__

D S. T SooI." _ 'I .. """"'. Dovol J a.a. ..........OMorty , L
__ .........,-. E.l-' • . Y~.~ Il- _ M..---'
\·_~_CWa6oLI_.D!II........00n>6J".. _ ........- ,
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;njur) ' may resul' in >e<:ondary impainnen\$ . ' uch a, dislur l>al'l«'$in malO"",1
phy.'olo gy (delayed parlUrttion in ,hi, ca,, ). Our inability 10 discriminare
be,ween the elJec\$ on molher and ,he felus in "im requi= in ",m e cases an in
V;IrO confirlILO';"n.usually carned OU'by l<ratogetll(ily Or mu,agenici')" teslS.
Tbe asses,men, of Female ~producli'" fullC'ion in vi"" u,,,,,lll depends on
inferential and indirec' O\>$<:""lion., ,i nce ,he gonad and ,he de>"loping
progeny are prac6cally inacetS' ible for dOT"'"", .. luauon. Eva lua' ion of 'oxic i'y
'0 ~prndUC1;'" FUncli"" is Further complica,ed by a uniqll< endocrine ph)'­
.io~y of some mammalian classesor $peCI<S. and by dill"cren' fonns of
metabol ism and placentation tha' occur in ,.. riou' mammal•. Extrapo!a,iOllof
data from one ,pec ies '0ano' her may the'efore be dillkull a nd ,ubjtcl to erro'
None lhe less,banene. of sc.... ning 'esl. can be de>-ued 'hal provide qual'tati""
and quanli,al;'"< as.sts5menrs of specific r<produ<:1iveJ)r<>Ce$.$C$and de,ja'ion ,
fr"m ,he norma l func'ion . Specific les15are directed toward probinll and delin;ng
dis"ncl phys,olog)caJ imp3Jrmenl$. and ""'mcrim'" mccbanisms by V..hlCh an
injury has been produced. Tesling of these obligatory and correlated Functional
aCtlVlli", separately is arbitrary and u:nd. to obscure 'he ir functional
.ntegratlOn

U 1"'"r EGR ATED R( P ItO DUCf IO :\, ST UDI ES I:\' A:"I ~IA LS

lntegra led stud i", arc deSIgned'" provide a br"ad ' jl<:Cln,Jm of data related to the
elfects of a test substance on reprodUCli,,, func60n of mammals , The da ta
gccnennednry aa: ord,nll ln tbe type of test, rangong from ,nformat lOnon ,he
'" Lalr"Prod ucli,'e funetion, ,!>dudinilpo", port urnelfeelS.'0da, a ""ncemed w"h
'''r)' specific tnne period' of lhe r"Prod ucti,,, pro«$' . The tem may ha,,, wide
variations in prolocol. depeodinll upon the anuc,pated use of the ","ult s, Thu'.
d.lta required fOT",gu lator) ' purposes vary attOrding to the ""un,ry . OrC'~n the
agoncy 10 which lhe da ta ""illhe submitted . Se'"ral altompts ha,~ been made ' 0

harmoni ze ,Ite required method. (OECD. 1981: IRW . 1981):w,th moderat e
success to dat<, Therefore. this report don nOI provido derailed spo;:i!ic
protocols. hut an auempl has been made to discuss common elemonlSassociated
Wilhlnl'1lrated tes,ing of reproducti, 'ocapac,t y. In add lt,,,n .somemajOrareas of
""n"orion belween different protocol> are <on'idere<1.

All method. ~S1ed belo....arc current1~ in use and arc included m bioa ssay, of
chemica ls. when ne<esslIr)'.Thu, . the~ i. a 1a!'!Cbody of data indicaltng that lhe
tes" described are pra<ticable a nd reproducib le.

2.1.1 Multigflltratioo SNeli",

Stud'es of ,hIS ""tollor y are inlended t" pr"v>de data " n lIorlad al function .
oestrous cycle. matinll hehaviour. conception , implantalio n, abortion. par,u_
rition . poslna'al ,un 'i"a!. Ia<lali",,_ maternal beha' iour. postpartum sro"lh to
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weaning. and, in part. abnocmal feral or embryonic de, -dopment. over a poriod
of more than one generalion . with one or more huon l"" g~eralion,

The cia,,",.! [hItt.generalion reproduc tion Study (Stt for eumple Collins,
1978) requires conl,nuous exposure of [he parenlal generation (Fol from
"un,ng unt,l {ermina tion of Iactahon folJowinlllleneralion of the "'""000 (F ,.J
titler Offspring in each sen"'"I ;On are cominuou$l~ nposal to the 1•• 1
,,,bslanee, The experimental schtme can be d iagrammatically represen ted .,
follows (Figu re 2.ll . The inclusion of 'C subgroups for teratological slud i<1is
optional.

There are .. 'era l ' 'lIn alions on {hI<classic scheme (e ,g. NAS, \977), a nd ,ecenl
data ind;;'.,. that no more lban ',",'0 generati"". aTe required (Clegg. (979) or
scientifically ju'l ifi<:d. [n a single gen....at ion test, the offspring (F ,l are u,uall)'
di""atded after weaning and are not them>eh'es bred. T he !"'rentlll gene:""tion is
treated from ,",u ning through prell.""-ncyand Iactlltwn of the F ,. No \e!itan imals
are expo>«! during the ir OWIIgestat i,m and suckling periods, Thus. the chernic<ll
e,pos ure does not include fert ,liza.t,on, embryogenesis. weanin g arod s<'ual
maturation, and these processes may be !",rticulady vulnerable to chemical
to'icit), Cenain chemical$. particularly those thought likely to interfere ";th the
development and functiona l maturatio n of the reproductive and endocrine:
system •. should be subj<Cted to a tw<>-generntion<Iudy. The posmatlll effects of
die thylstilbQostrol provide an importllnt mmple of the functional .... ults of
subtle ge>tational effects (McLachlan and Dixon . 1976: Stenchever et a!., 1981l.

In multigenerat ion experiment. there are usuall)' three treatm ent groups and a
control group. As recommended in one guide line:publi,hed by N AS (\977) . each
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lf ouP COIIWU of 20 Ka w ly .... tu ... virpo females (most frequently Btl or m,~)

mated ...itb a minimumolIO K 1UaDymatu... maIo:s.Th<ltiahntdose is \he
maximumtolcn. ted dose. tile two Io'to-erdOlt l¢>ds on ...Icctcd In ~ric

projp ... . T.....tmentol' F. parmllll.nim.k rnay br llutia ied eltb uoa !heclay
of implaotabo o or at tile time o( p.m ..... At ..-anin,of F ' A litten. at leas! 10
maJcs&lid 20 females are BIKIomIy Jdeaed fmm cadi JfOup 10 bo::omt tile F,
plRDllIl aa>enllOll

WbnJ Ille F, p" lllal a_II rach mal matunt). eac:h male. raadomJy
rnaled ...,111t..." f 1esf1'Ol1ltlleoame P Successful _WlI. dne1m'lled by
tho pomutt 0( a copuIIuoa JlluIm tbe ,,"pr.. The numher 0( obInved
_lations. tbe _her of ocIU",... c~1es required to obta,o matlll .. IIld lhe
""m bel 0( taulUI1l prqnatIaeIlhouJd be nc:ordcd. TIac data are tiled to
calculate malml aDd fertilu) · 'ndIcel. no. F'A h'te ... are -ancd at 21 dayo;
pootpartum. thoo tilled. Afte , an apprtwmately l>day .... t ptrood.. tIw F,
f 1esare mated ap .... The abo>oeprocedure IS r<fl<'lted to obu.ullbe F..
litte ....

All oII"Spnnl (F 'A' F.... F,.) are eu.",,0<1dfor pIIy.i<:ala bnormalttx:lll bmh.
On <beda y " 0( IonatlOl1. Inters ....th more tban LOoII"spnnl may br redllCed((I
that number by killln. rudomJy KIcctcd jodi ,·idual atumall .

Aft.. the second litter ( FlO) has beet<" 'eancd (fol""',"1 appro 1>mately 33
....... kooftes Wllf or the rllt). 10ma le . od 10fcma" F , po.rental a n,mals fm m eKh
JIOup a killed &lid 1'"01' pa lholop;al obse "lI ,ion. are mad •. If Iustolol ical
changes noted . the " 'SCIOflIn l of lbe "" xt lo"" . r d"'" lf ouP of a ntmal' a,e
also n"'>ed. Th rou"' out &fOSS. nd m;,;ror<;op ic . xam;n.otioo particular
aucnti on ;s paid to the ,eproducti ve o' pn •.

A gross inter na lcu m"" "o n ;s m.de of any offsprin g appeannll abno,ma l, 1n
add ition. 10ma" aOO10 r.nutleoffspri nll. raOOomly""Je<,ledf,om lhe f .. nn....
of each lest llrouP and lbe con tro 1llrou p. are k,lled al weaninll .nd ' ubjeo.::ted to a
complete gross . ... minallon. Tissues a re obtained and prncrv«! as fo' F,
parental ammall . H.. copalllo 1oll1Ca1eUm", au on s are conducted 011lbe ....n o·
Iiop o( the cont rol and Iullhe<t~ ll""' p. If a btlormah la areno led. the tar.,..
o' pns of the oeal lower dose JfOUP of ao"",,1s a re also cu mulCd.

The M1vadlap:s 0( mull ... neratoon .. l>d.oesinclude a aid c eaptnena: avaIlable
tfl perfo""'''1 '''''hta ... JIIlltra hOll of data on • wide 11In.. of reprod""tn'l:
procesoes.lbe qWllltlUlU"·Cnat llre 0( tIwdala obu.uled. and tbe pouibolllY of
obtc"'~1Ig heha VKJu,11I1dl"ecllof pro lollJ!Odex_reo III VIC'" or tbe exlertti"C
illformation puled. tuChaltld... are pmhably coat dl"eeu..,.

AItbou P. I""'" tesll 1Ia"'lbeet<IIKd f",.be Iaat 20 rea .... tbere • still a
w"'.... bIe deN", ",,,tunthe tamu6c commw:lity oa a llIllllberor poults

pcr1llininalO both tbe desIp of lbe studies and \he illta"pl'C11bOO0( data. A f....'
of these polnll are dISC d brb>o

(I ) A maJO'"It'Oa 0( rof\ICnoon IS[be """'bet-0( _11ItlODl .. boch"""'Id he
mcIudcd ill the alud) (iuld<h .... CJUSI(or I. 2. J or....".., &mn1tl101U. It a ppea ...
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lhol on...~n"",tioo aoolC:l a,.., ode<juate for ICr=I,nl of chrnn':ak. for tcs:llnl
for fertili,) ·, and for .ubuances ",'he,.., human ~re io lim,«d and elf5hort
dUf3Iion. This !UI."uall ... 1$~ CDl'Ounlm:d '" lhe cue elfpharmactUuc:a15.
Tbt lIo<Cdfor mul~ mmerauon aud15 e.1Cftd'''1 tWOfP'lt"IItionI antCll only
.. IItll. \be ...,..aled dlla uodate III ,ncreuml tomly of \be tesl: ... bslma:
dun"l the fir5t 1"'0 saxnllOOU.

(1) A uadilioDal mul~uon alldy I\'QUUU1..'0 lincn per FDCftl>Oll.

beeaute lbo fir5t~ntn pm:Iuad byMoJeooeDllDOIhenohm 5bowa pea' deal of
''''riallOG-B<a.use of Ihio ,,,,ria,,,,,,.<SaUlbued ODllIe fint InU'n art .... \ltd,,1
Wll <SaUlflOm \be I<IOODd~Iten .. t.: ...... """'" ,,!dorm ,n SIZI' and hea.ll.b. A
""mber of \be pn>pOICdI"'ddlllCS rtODnunend only 0'" hner. but \be amma15
5bouJdDOl: be bnd unti! tbey ha'~ ruUy_ IOtN. In IOdcbllOn.JUldehranilt
..·.."It ""' ..= 10 ncollllDtlld multlpk "Iten 10 0... or mon: "-llOlI$. Al
bot. ..... 1Ul'CkliD<..........-Dds Wt lbI optooo of prllducinJ • KCOnd ~ncr

lboulcl depend .... the vanabiln) of ""'nU"Ol<!aUlobtained ill ,be linl I>r<lrldma.
~ a ... K>~~ SllId>e5uoda""" WI In al bot..,....~ a KCOIIdti,ter
fac:illUllC:l'beevalu atioo of tbe c:omplelCRudy (Oea. 1919).

(J) Some CUidelinel ncommend IXImmeoc:eme"tof dosinl of the F. File­
rauon onmediately after wean,lIJ. Howeve, . olhen P"'l"'R a lalcr d.te fo,
,nulatio n of dosin l wi'h d,Il"mlI1umn of IXImme1lCm>en,for malela nd fema\a.
All l wde hnes propooe ' ballho ,nl ...... 1bet wom LDiliatiooof doIinl . nd pa,nn,
shou lcl be adequa te ' 0 e,lSu"" dos,n, IhrouiJl<>ul lho penod of . 1 IoUI one
sperma logcne5'$ C:l" lo for lhe malo•• nd al loaSI four (lC$lrou . cycles for lho
femalo.

(4) The ralio of malo to f.ma lo pa inn ll ... m on dilfe,..,m luid eli..... In
aeocra l. tho ralio of one male to Iwo f.male. is u.lCd. Ho ....v.r. lhe,.., il a
IXIn l~l",n amonl 1cien1l51. wIth reprd 10 lhe toSI etTC<'t"' eness of obta,n in,
addi liona l data from 1,1 malinp. All aulhon are in agreemen l lbal .ibhDJ
matinp m",t be a,'o ided.

(5) Whe"", '" possi ble. lhe rllllte 0( adnunlSlralloo .bould "' lIcel human
upooure. Ho wever.c,·... after 1Mdc<:lSIon",prdillJ IOUle!laobeen made. lhe'"
a", 5lill potential problr:m ' reaI ouch u d.... 1e",,1sand bow lhe dote sbould be
ad mlnlSteral{by p , ......... ter or d ....j. TIui dced.on .hould he madc ;n tbe hatn
of pharmac:o kirleti<:ronsodml1loni.

(6) Tbe CUidclinela""ilablo recocnmcnd Ibu p,unn, s.bould oun earber Ibln
15 "''OeD poorpartuns for tbe finl ~Iter Tbt poHibitily '" ,n\OClUpllnl
d1lr=<ICeS In ocmiti>~ly WI may be rtl.1ed 10 the aJC 0( lhe animals 0( lhe
~1aI FDCfIl>O<l is '''''' clilDLJ:ll.lCd. A q.......... that a.iIl <msadI$ 10 be
... -.aI .... bother or DOl: ""' .. po<enu.al dl'_ .bould be inve5uplCd..

(7) T1a:re .. alio • q.... uon eonox, "'''Ilhe iUlndardizalioa of titter ........ nd
.. bother C\l1Iio&.bnuld be dooo at all. Tbt tNUC'UODill litter ...., onulclobIc:un:
lbI obsen"'bOn ol.,h'ft'OC dl"C<'I5'"tueh... y be due 10either irIc:reu<d liuer 10K
01:l1e:rftsedIlcU.IlOll ClPICtt) of thedam.Ftutller . l!d IlCUOllm hun mti may
....wa'" rall>OedausueaJ vanabDn..nd tIws add a biu due 1OC\l1Ii1ll1De!bodl.
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II is recommeroded thai culling should not ~ roulinel~ done alt hough a number
of current guidelines sugg.. t the procedu", .

(8) Animals may be a5Sil\fledto dose groups by <lratifu:<!random sampling
based on consideration of body weight and othor variables, This procedu", is
used because it redu",," the variabihty in animal ",eight and in OIhor ",Ie' ...nt
variables 01 tho beginning of the experiment and may be used taler to assure thu
line r mOlesa", not cross-mated .

(9) It is q uestioMb\e whether offspring should be "",ighed ind;vi<!ua ll}' or
collectively, and assigned individua l identIfication numbe.... It is recognized that
collection of data on ;ndividuals is time consuming and e.pens ive.

(10) Quest ions have ~n raised 0$10 whether nesting material should be used
and if <0. what kind. Although use of n"" ing materials may reduce maternal
stress by allowing the da m to act oul nesting instincts. the an imal may ingc5t or
inhale con taminants contained in the material

(11) There a", a num~r of queslions ",garding do se Ie,els, e.g. whet!>:r tho
highest dose selected should cause deaths among the dams, whether it should be
significantly to.ic to fetal de"" lopmen Lor whether it should have adverse effects
on the mother and the fetus: anothe r question is whether t he low dose should
produce no cl'fectsor minimal effects. or whelher It should simula te likely human
exposu",.

(12) The rooonllne11<lation.on autopsy after the co mpletion of the experiment
"a I)' in diffe"'nt guideli"., ranging from full histopa tholo gical examinat ion to
discardi ng the animals withoul anyexamina tion. Cur",n t practice favou ... gloss
examinalio n of anImals In the experiment "'ilh special all ention to the
"'Prod uctive system and preservat ion for possible futu re microscopic exam.
ination of at least the complete reproductive system in bot h sexes

(13) The number of pare ntal animals pe r test group determi"., the sta ti""al
power of tho study, Most guidelines recommend thal at lea st 20 liners be
produced per generation, It ISad vi$able that more than 20 mating pairs beused to
produce the recommended number of lille" . Several guidelines suggest that half
the darm of lhe final liller be killed prior to delivery. Thi< procedu re is of
queslio nable ,.,.hie. It may provide some information regard ing possible
embryo toxicity of lhe test material but al lhe expense of lhe "statistical power of
the teSt.

2. 1.2 rerlllJt~' Test<

The purpo:seof such tests is to determi .... the Ie'e l of fertility. They a re • \w used
as Klttn ;ng tests for effects on "'Production which may result from p""mat ing
exposure.

There .'" at least t""n guidelines for the fertility test, one which terminates
expos ure to tho test subsunce short ly after Implantatio n and the other ""hich
conlinues tl>oexpos ure througho ut gestation and lactatIon . Tile former pro-­
""dure provides a more prooi.. predict ion of fertility a nd preimplantation
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matong

10.,,,,,ty. , i""'lhe dala g<n« at«.! h) tl><lal"'r proctdur< mal I><confo und<'d h}'
.mb, yoloxi"l y ari.ing from a prolong<d dosing periW.

Th= is anolh« differ<nc< btl wttn lhose 1"'0 proccdu~. [n II><long .,.,m
,xpo<ur< sludio<so ....·half of II><maled f.males (pre<umabl y 0 ". maled '0 .ach
mal<) a", killed al mKlpr<gnaney 10 permit II><COuntof corpora Iu",a a nd tl><
. ... minalton of u'eri .... COn'ents.

Nei,h., option appea .. to pro"ide an adequa te basis for determining fer' ili' )'.
11is sugge<ted ,hal a more informali,'e, .. , Should consill of expo<ur<ofone-half
of'h e animals up to the ma,in,and 'h e other half up '0the lime of implanta,ion
f01l0"-..I b)' ,I><sacrifice of ma,ed females a , a bout da y 12,

2.1.3 Rl'cip.-oul- or Cn)$$-f\latina SlUdies

The purpo<e of those ,ludi .. i. to de'ermi ne whe'hor ad"erw effects on
reprod""I,on ar< asso<ia'ed ""h mal< Or wllh female dysfuO<'liOll.

Pairing is carried oul 3CCOr<hngto ,he diagram .l>own in Figure 2.1.
Recommendati01l$for the duration of dos ing vary. The length of dosmg ",;11

depend on the end-points (e. lI.f<nilit)'. em.bryotoxici' Y.ele.)under ;n.... tigation .
Seleclion of appropriate dose 1e,,,1<i<again ,he major prohl<m. In lhis ,ype of

stud y. II><mU,mUm dose levels may be diffe", nt for male<and female<.becau se
of diffe",n, sensiti"';"e• . or for pr<gnan' and non.pr~n' female<.

O,her difficulties associated wi'h this type of study include points ( I). (2). (3).
(4). ( ~). (7). (8). and (13) discu.sed in ,he I(>;II0n (2.1 I.) mulli general i"" st udi..
on. a, ""en as lhe ' ime of sacrifice of the females .

2.1.4 T Kl S for SeItc1i>eEmb' lO,ox id ,y

Those ,.. ts aim at dete<:tingcongenital malformalJOns. abortions. """rp'ion,.
delayed d""elopmenl. sex ra'ios. and ea rly and late emb ryon;" dea'h .

Mated fema le<a", expooed from ,he lime of implantation to tbe terminat ion of
o'pnoge"",is. and sacrificed befor< par'urition, Detailed lIuidelr"", on 'hese­
melhods ar< available in the ,e'I,n8 gu,d di nesofbo,h OECD(19 8J) a nd IR LG
( [98 1).~ guidelrnes dilfer only in language, no, in scienl'fic detail

The ad\"antagesoh elecll" e embt)'oto xicily testS include I....capad ly to detect
and qu anI ilale adver se eIf""tSof a l"'''bounce on ,be mo' her- fetu, in'''acli on
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afler implanlalJon. the~ of porformance and lhe polenlial to simulat< rOUles

or human e'l'O'u", . A number of thocon tenl;ous issues a", summarized below.

(1) Exlrapo lation is a major problem and it may be e. trtmoly dlflkuh 10
e."apolale ev"" from one mai n of t.... ""'m. species to anolllor . Varialions arc
due 1arw:1y10 diffcrtnces in ma lernal and f.....l pharmacokinetics and mela_
bolism . VariabililY in pla~nUlllypc$ is also a confoundi ng faclor.

(2) ToUo,t y 10 the motl>cr Kmia lhe d"." ...·hich .. ""bcs lhe f<lus.
Fun hermore . ad' -er>ceffects on t.... mot ....r Can caus< fetal changes which are a
rc/I""uon oflhe malemal eff""a ,alhe , Ihan of di,""t effeca of lhe lesl subsl ance
on Ihe fetus or Ihe placenta .

(3) lde ntifiC<llion of malformuion. C<ln occasiona lly be e.l",mo ly difficull
and conlroversial. For inslan~. difficulties in delectini mino ' changes in lhe ear
OSSIclesare considerab le. Ho...-ever. lhese malformalions can resull in a major
defecl, deafness . Similar ly, lhe siplllicance of sucb phenomena as slernal
O$$lficalion defeca . delayed digiUlI ossification and 141h rib d..... lopmenl is
difficull to de\.,-mi"". Many in,estiplors ianore lhese effeca (e,.. n when d".,,­
relaled i""idences are observed). while ot hers arille lhat they may be of
consid erab le significance . There is general agreement Ibat at ,,"'orsl sucb
phenomena a re a refleclion of in::~ muemal stress.

(4) Roule and Iypo of adminis lralion as ,,"'ellas the frequency of. a nd lime
interval bel"",n, dOSC'Sare ol her areas of concern . &$ ica lly. Ibis has been
addr e.. ed in the _lJ on on mull iple_general ion sludies.

( S) The usc of positi' .. controls is a f.. tu", of many lef1l1ogenicilY guidelines .
In general, Ihis is an unnecessary requirtme nt .Posilive .... ults obtained Wllhsuch
oonlrol animals would "idi<:at< only lhal the lesl animals are suscep lible 10
induClion of lerala by a subslance already known 10he leral ogeni<:,They are of
no ''al ... in prt:dictin g the susceptibili ly of lhe tesl anlmal$lO lhe subs tance under
inveslill"lion .

(6) In e""luuing data from leralO(lOnicily >ladies, a major confusion arises
from dilfe= in lenna u""" lo describe lhe same <!efea. 1\ is .. .."tiallbal as
1000 .. possible a lisl of apud lenna be prepared 10describe malfonnal ions . At
least a de\ailed li.,ini of altcrnali ... I.rms for lhe various terata is urgenl1y
required .

(7) lnter labo ralory varia bil;ly in le<l r.. ula u,ing lhe same tesl subs tance in
idenlical strain. of tesl species appears to indicale 1110inft""nce of e~temal

faClor< loch .. animal hu,bandry and 'or lhe environmen tal conditions in the
animal holl1Cwhich may u ert a eo"'iderable impaCI on the final outCOmeof ,he
,tS!. Th io appears to require more eoosid eral ion lhan il currenll y receh -eo.

1.l oS Perinatal and P"' tnata l Stud ies

The pufPO$<of luch studies io10in .....liple porinatal and postnatal effeeu in lhe
absenct'of the oonfou OOing effeas of early to~icil)" 10rep roducli, -efunclion . The
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lest ,ut>slaoce i. admini.tered ane r tile tenni nation of organo genOSl1(i.eaf1erllle
dos ure of palatal . lIel,os) unlil ",~ning,

Tllere are problem. in inlerpTeting such da ta l>ccause it i$ difficult to
d ifferentiate between tbe ad"er se effeen on lactation of mollie" and tile effect$
on off.prin g due 10 lransfer of tbe ellemical via tile milk,

U EPIDE~1I0LOGICAL INVESTIGATIONS

Wilen exposure 10 a potentially to~ ebomical has occurred in a human
papula "on, for example Ihroug h an accident. occupational exposure. or
lberapwtic or illegal d rug use, or wben a widely ", ,, Hable compound has come
under 5uspicion (e,g. caffeine). an epidemiological approach may be used 10loo~

for effCC\$on reprod uclion.
The epidemiological inYostigatio n of reproduetiYe failure is subject 10 many

problem., including low 5tati<lic.olpower because of .mall population 5ile,
difficulties in defining exposure, bias in reporti ng and multip leend-points 10 be
con 'idered . The epidemiological approach also does nol proYide informat ion
abQut the mechanisms of action of the IOxic agent.

An ideal' ludy would iocludc laborato ry method s for refining tbe informat ion
on tho outcome (e.g, oemeo analy.is, chroOXlSQmal anal:>~i, of aborted fetu.., )
and 00 tbe e. posur. (e.I . bio<bemlClll t.. ts. bioa,sa)~ in man},

Stat IStical aspect' to be coru;idcred in epidClIliological studie' include power .
sample 'ize , ,ignificance Ie", ] and the magnitude of the effeet. For a detailed
dISCussionof these issues see Armitage (1971), Hill (1977) and Warburto n el 01.
(1983, this volume).

Ethic.olcol\$ideratioru; concerning privacy of m<:dicaland olher information
and informed consent for par ticipat ion in . tud ies mu5t be a part of any
epidemiological investigation .

In spite of thes.ediflkultie!l, tllere i. no .ubst itute for epidemiological slUdies
.inee only tbey can p"" ide information required to v.lidole labora tory tem on
experimenta l animals a, predictors of human rep,oo uctiye pcrl'ormance.

2.2. 1 (}dinili"., of hposu re

D<:finition and quantitatiye a...... ment of exJl<'$ureare ,"Cry difficult and a re
ofleo tho limiting factor< 10 many epidemiological studie, of tbe effects of
ehomicals on healt h, Tho presenee of exposure may be inferred by intervievo.. or
by identifying and specifying tho place of work or res;denct. or determined by
objective mea,u", s of e~posu"", such as cbemical anal}~i!; of body tissUe>and
biological indicators such as chromoso me aberralio", or sperm a bnorma~ties.

Rccall bia5 mU$tbe .u.peeted wheneYer tbe major rource of informal ion on
eXp<J>ures is interview da ta , VaMa tioo of exposu... by other method' (medical
records or biochemical tests) for at least a part of tbe sample may indicate the
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<:,,~nt of III< problem . Anolll<r appr""",h " 10 uS< Sl:veral conlrol groups .

including onewhich hase xpererc ed anotbet adverse outco me not li ~ely 10bethe
resull of lhe same exposure as lbe one under invesliga lion (e.g. DO""n', S}'ndrome
as a romro l for neural lube defocl$)

T"" relall(msh,p bel",,,,n c!>em.,al exposu res and e/feclS on reprod""' >nn "
rompl .. . To cau Sl: an elfect, exposure may ha'~ to occur before fen~ iza t ion

(perhap$ man y )~ars) or d un n, geslatlon , I, may acl i.hrough ,be mak parent Or
lhrough III< femak parenl . o r bolh,
O~ a chemal is rekased imo lhe env,ronmen, u is eXlremely d'fficult '0

relale any long-term effects of exposure 10 specificcbernieals. because exposur<IO
a mulliplicity of olhercompounds occurs allhe same time. An inil ial approach i,
I" examine ltigh"'xposure groups (normally lhose in the manufacturing area) .
en,uring long .lerm cltnica l foUO"'....p of exposed "'d"lduals. Tbere ""II still be
confoundin g elfecl< due to the multip k e"posure 10 ' ,,,ious chemical •. but the
probability of detecl1na the substance cau" ng lhe ad""rI( ~ffecl will be
.ubstanlially increased. compared "'-;lh general populalion .Iud;"' . Once a
len,ative iden'ificalion of a compound causmg ad,..,rse eIf""lS Ita. been made al
lhis kveL epidemiologica l . Iudie. of olher exposed popula lions can be in,lial""!.

2.2.2 T lP' of Stlld~

The re are lhree possib k k,~1s of epidemi olosic.al in' -csI;Plions . AI k, ..,1I. lhe
in, 'esl;galor looks on ly al readil y accessibk so ure", of data. l.eve lll <ludioes
include full·scale epidemiological fiekl in" e>ligalion . (caSl:conlrol o r coho n ),
Th is ma}' in"ol"e acq uiring labor~I "l)' or ime,,' iew dala. or undena king more
e"len.i "e record seareh ing than al b~1 I. Al b 'd Ill. long·term f"II",,·up
'ludie> "f a population are underla ken.

2.2.2.1 $,uJit . (iJ ing R<odily A"~... ·bk Dat~

A kv~1 I analystS "" ll conS"1 of a eompanson of lhe observed frtq uellCJ(Sof
reprodU<"lione"",," with available: baseline daUi in " rdcr 10 d""ide whether a
,ignificanl inerea .. in an ad ,~rse outcome I\a' occurred.

Only cert aIn .. prod uclion end,pol nt< roulinel y =ordod in vltol =ord , or
"'reening programmes will be a ,,,,illlble for thi,stype "hludy , In m<>Stpam of lhe
",·orld lbest w~1 consiSI of Iale fetal loss, bi'lhrate. incidence of low binh "~ghl

and ",me congenitol malformalions . Ne",'born or prenatal screening pro­
grammes may also be used "ben ava ilable:. ,he Ia,ter brin g ",pecllUy ' '''luabk ,n
pm vidini an early " ",ming of increa>es in some kinds of ,eprod""I,, 'e failures
(fer further dis<;u.. ion "f reproduction end-point< .... Wa rburtoo U oJ,. 1983.
lhis volu me) ,

If a k y-ell in''eSug;allon lead. 10a clear..;u, nega, i,"t rn ull . pro<:ttdlng wilh
furtber invesligalio ns may be un" ...rranled, When Ie:""l I .Iudies pro vide



MammalJ, R~prodlKli'~ FU M1j l>fl of hmal~, "e,id.nce for a positi"" effect. il rna}'bo ad'isab le 10 unckrta k. a rno~ complel.
in"estigation and look at other cnd-poi nu whioc:h rrughl result.

2.2.2.2 EpiikmiolO1Jic;l1F.. ld $,.m .. .

Two ba.ic .xperi mental designs a~ used to demonslrate an asso<iation between
" hazardo us expos ure of a popula tion aod .. product i' ·, failures. In a caseeontro l
Slud~ tbe f~uenc~ and int.n,it~ of an ... posure a... compared bet"'''''n those
""00 ha' -eexperienced the oute<>mt:consid.r«! (~) and 'hose woo ha"e no'
(co nlrols). In a cooon .tud~ tbe f~u.nc~ of a reproductj' -e oulCOme i,
compared bot...'... n those ""ho w xposed 10 a chemlcal Or anothcT en·
vironmenta l factoT and those "ho w not .xposed . A cohon OIudyis usuan~
prospect;v•. but i t may bo retrospective as well,

2_2.2.3 Long.'um Folia"."" $,.min

TIw:dr""u of chemICal .xposun:s on rtproduch,-e function and the prcdJCt,,-e
,,,,Iu. of laboratory and clinical obs.rva,ions can best bo assessed by follo...ing
up group< of individuals 0""their whole ... productIV' period . An ~ follow_up
' tudy i' bound to include a considerab le numbor of indi'idua l, wbo WIllbo lost
dun ng the follow·up period. and it is import ant 10 consider biases which may bo
introduced if 'uch a loss is not independent of the oute<>me.

2.3 t;\-IPAIRi\-It;:,,--r OF SP ECIFI C FDI ALE REPR OD UCTI YE
PROC ESSES

2.3.1~. and O'" laOOn

2.3.1.1 Toxicity 10 1M [H ''rkJping O,», y

Adve .... If.clS of ch.mical . on th. d. "" lopin g ovary ...ill impinge upoo tbe
forma t", n of the fo llicle complex. These adv. ... effecu may occur du ring: the
dev.lopmcnt of the o'''ry; primordial germ cell prolif .ration or mi"" tion:
oogonial differentiation or proliferation; or (<>mllItion of the prirnordial
follicle. Tbc rapid developmen, ofknowled ge of ov.. rian embryology ...ill grut!y
enhance invcstigalion. of tbe mechanism, of toxicity of chem icals to the
dev.loping ovary .

The mechani sms of mammalian oogcnt$i, and folliculogcncsi, arc p.... ntly
unders'ood Inoutli ne fonn (Ha lfcn. 1977:Zuckerma n and Bake•. 1977.Go ndos.
1978: Ha rdCSly. 1978: Merchant -Lanos. 1978). Metbod, . applicable to . xpen.
menia l anIma ls, that are prescnlly a."ilable to a5MSS the c!Tcet. of tCSlcompounds
on oogenesis a nd 'or folliculogcncsi. includ. hislological d. terminat,on of
OOC}1Cfo!lid. numbe r which i. a direct measu'" of toxicity (Dobl.<>nand
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Cooper, 1974; Bahr, 1976; Dobson ~Ial,. 1978; F.ll"n rr"i .. 1978). Fmihly
ar... prenata l lrealmem can also beassessed (Reimers and Slus-s.19,8: Reimers
rr "I.. 198<1.Mack.lUie and An#vi .... 1981). EXjX>$ureduring specilie .lages "f
gestalion (or poslnatally. dependilli on .pec"') allo..... idenl;liealion of the
aclual .ta# " f diuuplion "f <>ogen.;."r f"lIicukl#nesi. (Mandl. 1964. Chen
tI "r.1981. Mallison .".1., 1981). A11h0ll8hthere are .pecies diff.rences ;n
.uSt:eplib,lily and in the t.mpora 1 .... u.""" "f disruplion of ""Sem,i, and
folliculogenesis, a demonstralion of IOxicity in rod.nts g.n.rally indicat..
IOxicilyin primal" (Mandl. 1964;Sieber and Ada"""'n. 19,5; Bak.r and Neal.
1971;Dobson~. "'-. 1918:Ash. 1980).The method isapplicable 10lesl animals.
bul 001 10 women, and ea.n he easily added to II><nandard mUllJ#neralion
",,,,,,ning lest<.

lndirecl measu," of loxicily 10ooi""esi, and f"lliculogenesis ;n experimenlal
anmu1, includ. asses,m.nt of ovar ian fUlICtion.age of "aginal opening. age of
reproduclive $ODe$Oneeand age of 10lal repro<!uet;"eeapadly (H.inrichs tI al..
1911; Gellm ~I ",-. 19n: Gellert" al.. 1914; Kimbr"ugh 1914: Kupfer. 1915.
Gell.rt and H.l1Irichs. 1975; G.llert . r "I.. 19,5; Gellert. 1978), The iOOirecl
measu," are much less semil;'" lhan direcl oocyte follicle counlin,; ho"."..,r,
they a re useful in human clinical aS6e5Smenl.

TI><eXl<nsklDof m<>f'J'hClklJicallechniq.... a llowing qual1tali..,. aOOquanri ­
tali,.., a$$CSSmenlof pnmotdial genn cell number. mii""-lion, oogonial pro­
lifenllion. and urogenital ridae dc,"'klpmen'lhar are currently used In research
may he useful for detailed e"",lu\l.tion of specific; susceplible stages. The
(k,..,lopm.nl "f embryo culture method<>loi)' ,,'ill alkl... ill .Ilrl> ....... m.nt of
disruption of oogenesis follirulo#nesis. This lechniqu. willpennit separal10n of
mat.rnal metabob'm from lhe metabolism of coneeplu, in studi.. d.. igned to
expklre mechanism' of ooloxicily of chemicals. Addiliona1 area, fo' future
resean:h include in ,'liN) l",hniques 10 "'\I.luat. primordial germ cell pro­
liferallon. mli""-tion and differentIation a, well .. follicuklgene:sis.Interaclion of
lhe d" ..loping o""y wIlh other organ sl'$(ettl$such U the (hymus is also an
area which d.ser"" further oonsideralion (N~hli;uka and Sakakura. 1971;
Lin'em- Moo,..,and Panl<kluris , 1975a.b, 1976a.b,c; Mlehael, 1919;Ways n 1>1.,
1980. Thompson. 1981)

Melhods available to aS6e5S(oxicit)' 10 human <>ogenesi.lfollicuk>genesisare
predominanll)' bJosedon indi""l mca$ures of folbculac funelion. The$<:"Sa)"

are w.lI validaled aOOused cl1nicall)'.Clinical a ..... ""'nt of pubertal milestones
(Tanner, 1962;Yen aOOJaff•• 1919;Frantz. 1981: Ross aOOVande Wiele. 1981)
is useful only If lhe t"xicily ""u1l$ in OOCY"edepletion hef" ... lhe onsc' Or
complelion of puberty. Addillonal data. ine1udtngquantilati,.., deternunalion of
serum gonadotropins and o, .. rian ".mids. ,,'~l help id.ntify olher causes of
dISOrdered pubertal progression such as h)pothalamioc--Pll~itary d)'$f~ncuon.

D<>cumentati"nof ,he p.... nce:of oocyte< follicles may become available by
using a lap;lfascopic o, .. rian biops)' technique. bUIbecause il requires a surgical
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procedure it i. nol e'len.i ,.. ly used (Taylor, 1979), Ovarian biop.y "'ill
differentiale lhe resi.lam o'-..ry s}" d mme from oocyte Mplellon , Prena tal
galactosaemla may rep""" "l a u", ful model for l",iclt y 10lhe d",' eloping o"a ry
(Hodnagcl el al .• 1979: Kaufman el aI., 1979, 198 1; Chen eI al .• 1981 ; Coutam.
1981).

The age of "", no!",u" , wilh clinical sill"" of o"arian failure, i. easil}'
'klenn ined. and in suitable eptdemiological in,'esligat;"n. it may be u", ful for
idenllfying di'ord er of oogenesi. folliculogene:s.i. du e 10 chemicalto,ic ily.

The de, 'elopmenl of ullrasound equipmenl and lechniques wilh incTeaSed
.-.soluhon may allow non-inva.ive evaluation of ovarian fine Slrucl ure
(RoheT1$One' aI., 1979: O'Herlihy CI01.. 1980a,b; Renaud el al .. 1980 ; Smnh
el aI.., 1980). Allhe pre",nllime ultrasound lechniques can he used 10evaluat<:
ovarian.izc which is roughl) ' proportional 10 lhe number of growing follicle. ,
Serum a.... }. for peplides (i,e. inhibin·likc . ubstances) proouced b}' resling
follicles would obviale lhe necessity for ovanan hiop<y; however, lhi. promi.ing
method remains 10 be dC"e!oped

2,3, 1.2 Toxi city /0 I""[)e"eloped OWl'Y

Adve"'" eff",,, of chemical< on lbe d",' e!oped ovar y include direcl effects on
OOC)lC or follicle. disordered folheolar growth, abnorma l steroid hormon e
')'I11h", i. , interruplions of lhe hypothalamic p;luilar y---<>vananc" ntrol m",h ·
an iom. , and inhibit;on of the relea'" of the oocyte and of lhe format ion of the
corp us Ieteom, A. these processesare crucial for feni lily, a hOSIof assay melhod s
wilh "arymg degrees of sJ'C"ificny;, available, Tesl substanctS allering any of
these reproduclive evenlS ;n experimental animals would be identified in the
mulugenero.tlon $Cteen. presently usW in reproducti,e lo, icity lesting. How·
e' .. r, species dilferences ;n endocrine control mechani.rns along lhe
hypOlhalamic-pimi tarY---<>"arianaxis may make exlrapolalion to primates
difficull (Goflki, 1971; KnobiL 1974, 1980; HUlChin<ooand Sharp. 1977;
Richard" 1978; Ven, 1978; DiZerega and Hodgen. 198 1a,b),

Folliclt gro"..,h Dir<:ct methoo. 10 assay follicular grol<'lh in experimenla l
an imal• •uch as rodem. include uptake of ' H·thymidi ne, response of o"arian
welght lO pregnanl rna~' ",rum gonadotropi n, and measuremenl of follicle
kineli'" (Zuckerman and Mand l. 1952; Pedersen and Pet<:rs,1%8; PederselL
1970; Goldenberg el ai" 1972; Harman n al .. 1975, Lou"<1e/ al " 1975: Fadd y
tI al" 1976; Hillier tI al" 1980), These assaY' ha.-e been ,,'ldel)' uS«!: lhey .igna l
d""Cl ad,-erse elf..: .. on follicula r growlh a...... 11a. indirecl effeclS alt<:ring
clearance of gonadotropi n•.

A. follicular growth ioassociated with the produclion of nestrogen" indirecl
assaY' I<'hich delerm",e serum levelsof D<'lrogen or oestrogenicelf ..:lSon ta rgel
tissues have also been usedas measures offollicula , growlh .These iodir"'l a.... y.
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include time of vaginal op<ning in immature ralS. ut. nne ",'eight. endom.tria l

morpholo gy aM .. rum levels of Iolle le-stimularing h011TlOne and luteuuzing
hormone (FSH LH ), The interpretation of these as""Y"isco mplicated by the facl
thai they an: indirect =as url;S of follicula r gro"'th, compo und, alt .. ini the
m.tabo llsm or clearanc. of <>estro gens can a lter the re,ponse (W.lc h N 01,. 1%9.
1971). Add itionally. C<lmpou nds which alter follicular B"' wth and also ha, ..
oestro gen agon ist Or antag<>nlSt prope rlb "' ill compl icat . th . use and in­
terpre tation of these indirect m<:thods .

M. thod s which should be d..... loped ",clud. m<:asureme nt of x.nobiotics in
follicular fluid ; this w~l 11;...... to be d. .....lopotd in anima ls large r than rode nt<
(McNatt y. 1978), Gra nul""" cell cu ltUl"Ctechn"!" ,, presently beini d......loped
may allow dIrect scrtt ning of test substan ces for tbeir a bility 10 inhibit granal"""
cell proh f.rat ion and,o r oes tro gen prod uction (Hi llier elt,I .• 1977: Ze leznik
el 01.. 1979). Factol'Sin ,'OI"ed m the recr uItment off ollicle' from tbe resting poo l.
tbe first step in follicular growt h. have not been completdy elUCidated and
add itional resea",h is .-..en tad . The rolr: of oth er orga n sy' tem, m mod ulati ng
tbe clea ra nce of <>estrogensand decrea, ing or increasinj\ serum 1e,.. 1saOOneeds
furtbe r evaluatio n. Test ' ubstances altermg periph eral le,.. ls of <>estrogen
indirectly by induction or su ppression of hepatic monooxygeDaSCSOr change. in
gut 11.ora (... Slater. 1993, this "o lume) w~1 have ad ,·.. se .ffect' on the endocri ne
feedback mecha nism> alo ng the hypotha lamic-pll uit ary-o ,'arian axIS

Meth ods to mon ito r folhe ular gro wth in women are widely availa ble and have
been used extensively in clinical assessment of ovari an funct ion , Clinica l
asses, ment of cyclic menslru al func tion in women reflect< assessm.nt of the
integrated funcl ion ing of lhe reproduct " 'e sy"em (Ross . 1974; Ross aod ll~tt,

1978; Wentz. 1979; DiZerell'l and Hod gen 1981aJ. Measurem .nt of serum
<>enrogen and progesterone levels throu ghout the menst rua l cycle indirectly
monitors follicular growth and st.roid synthesis (Yen. 1978J. Clinically useful
iDdirecl meMure$ of ""'lroge n produc tion includ. cha nge' In quan tIty and
quality of c. rvical mucus ( B~l;ngs el al.. 1972. 1977; Billings aDd Billings. 1973)
and tim<:ly<l'd ic m.n stru al flow. As indirec t measures . they canno t dIStinguISh
mechanisms alterin g follicular grow th from those alterin j\ <tearance, .nd orpn
respon se to or .ffecti' .. n... of <>estrogens. Measurement oh eru m gonadotrop in.
throu ghout the m""'trual q o:\e also demon.t ra tes ap propriate hypo­
thala mIC pItUItary functIon and mtact feedback mecha nISms.

A' previously menho ned.• nhancem. nt of the resolut ion of ultrasound
techno logy may allow ,ndlrect assesSmen t of fol~cular d...." lopmen t (see sectIon
2.3. tIl . The use of laparoscop y to asses, follicular grow th by biop,y Or direct
visua liz.ation ma y also ha,'. apphca bility in selocted situa tions. Human granu_
lOla cell cu ltur. techniques may provide accurat e and directly app licab l.
screenini techniqu es to d. termine the .ffects of xenobiot'" cbemica l' on
granulosa cell pro lif. ration a nd/or steroid proouClioD.



O"ul(1lwn OvulatIOn ,..,no"" th~ suc«:<sful funelion ing of tho
h}'potha lamic- pituitary- o '<lr;an axis ineluding foIlicl~ lV"wth. steroid hormone
produ ction . LH surge, follicle rupture and oocyt~ release.

Direct methods to a,ses, o'"la tion in experimental animals include eo/lmio n
of OOC}'teSfrom uteri or fallop;a n lUbes in spontaneous or s" mulate<!ovarian
cycles (Orberg and Kihlslrom, 19i3; Linder el al .• 1974, Weir and Rowlands ,
1917: E,pey. 1978). Tho prestnce of oocytes in lh~ u l~ru, or lUbes;n . t,mulaled
o" <r;an C}'cl~s in rod~nts. or rell~x ovulalion isa direcl mea,ure off ollide growlh,
rupture and OO<)'te release. This assa)' has been used eXlen,i,,,I)'; n reproduction
biology to assa)' compounds like lhe prostaglandin synthetase Inhlblto.... whooh
inhibil follicle rupture (Mori n ai" 1980).or other compounds like phenobar·
bilone or the cannabinoids which block the LH surge (Barraclough and SaW}" r.
1957: Cordo va n ul.. 1980 ; Kosld low elul. , 1980).

Indirect measu res of ovulal;on are also u,d ul in experimental assa)' S).t<m"
including ~m bl)'o flushing and implanlal ion .ite quanlilat ion (Hammer and
Mitchell, 1979 ; Shani elal .. 1979: Yoshinaga <Ial .. 1979). Embryo lIushing
quanl ;tateSbolb o'''lalion and fen ;lizalion, and implantal ion Sil~ quantila llon
addilionally assaY' implantation of the embryo and endome trial development
under the eonlrol of bo lh """\ro gens and progesterone, Implantation site assay.
ha ,'e the adva ntage of d",,"'t ";sual 5COring. Add itiona l methods include release
of ut~ rine fluid and Ihermogenie response. ""ulting from progeslerone pro'
duction, signalling the developmenl of a fUnclional corp us Imeum follo win g
o vulalion,

Morhods requ mng killing of lhe lest anima ls. although ",pod;"n l in rodems,
rna}'not be applicable t(}larger an;mals including non-human prima les. In these
cases, serum prog~.. erone ... sa)' or thermogenic respon""s will be useful.
Ullra<ou.-.:.!examination to demonstra te follicle rupture or direc llaparoscop ic
'isualization may a lso be """f ulln ",m ·human primates (see section 2,3.1.1),
These a~say s}'~tem& Ita,,,been u""ful in reproduC\;on biolo gyand can be adapt«!
to toxioco lollY

Morhod' assaying o"ulalion in women are indirect. and tnCInilor progestero""
prnd uction by thecorpu, lU l~u m. which forms followillllo,,,lati o n, or lhe effeCIs
of progeSleron~ on .-.:sponsi,,, end orll'ln., The least inva,i ,,, tecb niqu~ lnvolves
monito ring eltanges in the fluidit)'. air d rying pall em and elasticity of ce,,'ical
mucu" This techniq " ~ ha~ been widely developed, can be easil}' taughl , aod is
u«<l 10 m""itor ovulal;on aoo ,ignal f~rtile and non·fertile portions of lhe
menstru al c)'Ole (Bill;ngs el ai, 1972, 1977; Billings and Billings. 1973; Went:>:,
1919). Endometerial biopsy for morpllological evalual ion of ovulation has also
been ~xtensi ,,,Il' use<!in women (Noyes" "1..1950). The cha nges in endomelrial
morpllology a re charac teristic; ho""""r. lhe necess;ly for a biops}'decreases the
pol~ntial for broad applicalion . Endometrial a. pirat;on tehcniques. 1Io"".-cr,
rna}'proY~ useful in field Sludios(Smith, 19(0 ).
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A. wilh larger an'mlls. hyslCfOSOOPicor Iaparo><:oplC IIarveslillj of OOC)'ICSor
uhta>oundeUll\lll aUon mayprol'euseful.Broad~1IU18 IIalsopossible\11th
aw ys f<>rurinary Oftl.o.-.w and P<Oll'"S'Oll<ns (E,~lIS ~t til .• 1980).

Cmptd "' ......../-t<t_ CorpIIJ /uttum ronnalJOQ and funrno n 'II tJll'C1l'llCll.
'al anima. eall bt a"tlad by ........ ~ltl of ...... lIl Pf'OFIlerO"" foUo.. ,nl
>pOlltantou> (}It 'nduced o ,,,IIUOft. AJ ta. fol1£lt .. ta. pr«;v.nor of ta. COfPIIJ
luleUm. ""hlIt dllOrder of folliculi ' P'O"'1I1D1~ bt malllfcst IIIabuoo mal/utal l
ft1GC1lOll-o.'anall..'IltIIu .lId lI1IOfl'lIolop:;:al"tid lI1IOfl'llomc-rrICua/ysIs
f ...... ill& ll...... uoa Ira\'t _ II usal 10 __ corpu> /ulnlm fomllluoa
(Srouff ... aDd Hodp. 1980).

Some tDdl=t ......... ,.,. ofprQlltll ....... prodlllCtiolll Ilaw barll dbc:. j ... ,.

O\"l;llaltOll...:twll- AD addIUONI~~ 11 dcQd ... bzaUOll of I.
ponoc!o-pegnanl roden' IUCf\Il. T!Ia> ..... j bas barll so', uflilty usal 'I'
lOU:olosical.rodoesby_ral Itl¥eloliplOn {t .1- Card and M ne. U. 1971). A•
..~th Other end OfPD mpoma, ",1C1f~ al , . p~rec~ror. Or

a lun tiollS io llepauc or .mal de.rIDClr of prop:IreroDe may interlcrc ...,,111.
Itlterprctal100 of ta. awy _
~Iopmenl of in ' ·11.0awy ')1Iem1. panulosll cell d ilrcrcn WltlOn or Iurcal

ccU rUDCtJOOmlY PI'O'W ra p,d reliable oattlUnl ')'I tems_
Mnhod . 10 aueIS human corpus lu'<Um fullCtion "....., d,scussed in the

,» ,,!a lion section .nd 'nclude thermop lC~ltK . .. .,.1 pro,nterone
mea. ure mem, ~"ical mUCuSchan.,s and .nd"mr lrial b iop.y_ l>nnal') ,t.roid
. .... ys will aid lhe d., .. lopment of epid. mlQlogocals tudi<:>which a,c ellcnual 'I'
repr od UClive lO' icololY

A I,~.ia Curren l ly used methods 10 moni lor oocyte and/or fOllicl. des lruCtion
in exp"" menral a n ,mals ;1>1;100. .. ... 1ooc yte Coun\$ (Jo..... alld Krohn. 1961,
Ped. lWn a lld Peron . 1965: hd trsen, 1970; Fadd y " ~I., 1976). TheS<melhod,
are qua nlifia ble alld reliable .rod ha'" been used ro expl or. lhe eIl"<'C\$of OOCjl.
and folliclt lOxinl (J ick "~I., 1m; Man iloo and Thol"#lI 'SSo n 197&1.b. 1979;
Maltison . 1980 ; M. llIson and Ni&htlnp)e. 1980; Mal1lSOrlCtaI.• 1981). Lifeumc
b~inl Jtud ies. "' luch have alto bee n ....nuL a", ~nmdly IlUeIUIll'''' .nd
appear 10 rcqu,,,, U lens " ", OOC)U ~oon before I.yean bt eas~y scored as
posili\r. At;e .1 ...... nducu,.., r. ' I......,,n 1arJ<Tanunal. is • _rul 5CrCCn1JlI
end-po;nl a nd may bt applicable 10 field audi .. _

Mn bods of human su....'e>ll:aonfOf IIOO)te dcsuut:uoa lDClude _!OfUI1
popu btioas for .Ila....., ,n ta. a.of ....nopau"' . T!Ia>ba$ beo:1lusal.l.b SUClI:e$S

'" pa lJ<DUua. led ..ltb "''OIO).ICdrup, as .. ..,Das ill envtl'OllDloeCltalc'po"'re
studies (f otullara. 1968. Pcr_" <11_, 1913: Soebcr and A4ams0lL 1975.
Jiet ~,aI~ 19n. Vew:y ct . .. 1978, M.r tiooa " aI.• 1980). T!Ia>mctho'hhould
bcu scd lDOrcCXlctlSlvelllllpopulallOtt _lono~ Cinieal_ltl of OOC)"te
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deslruclion has generally focused on lbe OVllrianfailure end·poml. Wilh lillie
,nformal",n available concern,ni assay'tcehni'lues 10 monilor iocreased rales of
de<lruCtion before ovarian failure, A=s.menl of ovarian failure in women
iocludes clinically e<lab~.bed teChniques lhal measure foll;,;ular and corpus
luleum fUl>C1ionas previou .ly discussed.

2.3.2 Game.e Transport. FortUization. Z ygolO T .. ltSport and Implanla tion

Disrupuon of any one Cl)mponenl of thaI phase of lbe reproducti"" process
which begins ""ith pmcte nan.port and ends in implantalion ,,"ouk!impaIr lilt
lqlroducti,'e fUn<:lion.and wouk! be re,,,,,le<Iin an mtegraled wbole anima l
rep roductive .Iudy . Identificat ion of tbecausc of imp.ai"""nt or the exact staie at
which failure oa:urs couk! be regarded as a goal tha' is rdevanl to basic r.....arch
rather than 10 screening for regulatory purpose<. Ne,..,nllt Jcss.so..... in ,'1.<>and
in ri'ro methods currently used 10 in'..,.tiple mechaOlSmsof early lqlr<Xh><;t,,'t
failure bold promise as pre-screening procedu.... to rqll~ cosily lonll·term
",'holeanimal testini .

Tilt . ucoessful function of !be reproductive traeI depends on the part;,;ipation
of a number of appropriatel y phased activities.T~ include moli~ly (muocular
or ciliary). ""'relion (luminal fluids in response to inlemal and ""temal signa" ).
and adapti,'e cdl growlh and lurno''t r (cl'dic 'Ir""tu",1 changes of oeslrus and
of pregnancy). Xenobiolics rna,. mlerfcre dIrectI)' or in(\IItt tly wilh one Or more
of lhese aclivi!ics of tbe female ienitaltract It is possible 10 inspecl. assess or
mea'ure ea<h of these ""'ti"IlICSin the variou$ components of the female ",nltal
lract Wh,le lilt lract isimportant in !hat it pro'ide< tllten" ironmenl in which tilt
fertilized egg develop<from a smgleceU10lhe implanting blastocyst and beyond.
xenobiotics can. in addilion. act directly on the de,..,loping Z)'gote. and these
clfOC:I$ can also be studied by <tmple inspectIon. U<CS$mentor measurement .

Within the phase of lbe ",producti"e pl'OCCSS",'hich begino with gamete
transpon and end, wllh the attachme nl and implanU<tion of tb< embryo.
"'lati ....ly .. mple procedures . xISIfor sludylng sperm l"'n sport . fertilizalion. ,he
rat. of lubAllransport oflb< zygote. lb< ratc of de'.-elopmcntof the embryo . the
morphological normality of tb< dev.loping embryo. implantalion and lilt
spacing off<tusc<alonglhe uterine borns. These toc:hrUqu<oha,~ been d. ....loped
for establishing tb< pall.rn of normal ",prodoctive actiVIty. bul could be applied
to doso:! females and F , f<male progeny . e,1- as pre·"""",ning tests prior I" a
multige"",ration sludy.

2.3.2.1 £.<iJlin g Tem

At the regulatory Ie'd there are no recognized a ll. rnali,'t'Sto tbe fertillly teSt Or
0..... . tWO-or th"",-",neration reprodochon $tudICS(.... c.g. NAS. 1977;OECD.
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1981: S/OClion.2.1.1 and 2.1.2) for t"'long tM dTecl$ of cMmocals on t~

rcprodecuonevenu1\hichculmmareinImplamatlOn.Tileworkgroup wasnot
a" 'are of 1M established UK of alternati"e test procedures in olMr siluations.
wilh 1M possible e"""ption oflhe mousedominanllethal test which Watdes,gned
to detecl herita ble ehromosomal dam age but ,, ·hoch. with m,nor mod'ficau ons .
" -ouJdalso ",If"", as a o"._generat,on reprod""t lOn"ud y in lhe male. h doe<not
offer an a,h'anlage to reproduc\lon studies in Ihe female,

2,3.2.2 t:sl"b/iJIotd Re","r r h Me,hO/b WI/h T. sting POlent/"/

The SlageSof female reproductive funclion alld early embf)'oge r>esisha' " bttn
slud led extens""ly by ,-esean;hers . The techniques used. a lthough nol p,-esentl)·
considered routine lesl procedures . are appropriat e for UK in e"aluating 1M
effects of chemicals on reproduclive processes, Ooc yte maluration. o'-ulalion.
transport of ovula led OOC}1esto the oviducl s. sperm tran.port alld fmil""lion
can all be mea<urtd ...,m a high degrtt of sens," vlty a nd reprodl>Cib1lity u.ing
inbred mains of mice. atid possibly rabbits and rats. ltiduced ovulation folJo..."Cd
by art ificial ,nsem,natlOn (West t1 "I .. 1(71). sub§equcnt Irmed rt1l>Oval from lhe
oviducts . and analysIS of numhel$ of ferti liw.t. ovulated eggs ...·ou ld )-;'Id
info rma t,o n rt garding these processes . An additional ad "antagc of arl ificial
inseminalio n i. that by u. ing 110:mixed semen from treated alld untreat ed males
(of t,.,-ophcncllypocaUy d"tinguislIabl<: mouse stra ins) . it is possibl<:lodeterm ine
their relali'-e fertililin g ability by wmparing f , phenot} 'pe ral io< "ilh contro l
values . This technique elrm,nates u""" rlaint ics caused by inlcran imal "anabilil )'
and also enables onelo di '\In guish bct"'n n sperm dysfurK"!ionand Ille presence
of inhibitors in tbe seminal fluid (sec also S/OCtioIl3,3,2).

T '" r>-or four-;;ell embryos ....n be removed from oviducts and cultured up 10
and ,ndudmg peri. implantat ion ,toges (Wh,lten . 1(7 1). Such .. pr(>ttdur( ...·oUld
yield information concerning the ability of fertilized eggs denved rrom In:aled
~renlS 10 clea'" . de""lop lhrough pn:implan tatiotl sta ges. hatch . aU:>eh a nd
outgrow on artificia l .ubstr ala or on uterine monola~s (Sherman and Wudl.
1976),Th u e lat.r SIalIC"of observa tion (i.e, hateh;ng through impla ntation) a r•.
of W Ur5e.onl)' model s)'StemSfor .",nlS occurrin g in the female ",producti, ..
tract. Ho·...ever. tbey ha, .. been shown 10 be "aM methods for determining
embryonic viability and de, .. lopmcnt. Biochcmi.calmarkers can also be used as
determ;nati,'e eod -poin l1 for th .... de, .. lopmental stag.. . The elfects of x.·
nobiotic ~hemlCaJs on prermplantalion embr yo de, .. lopment in 'ilro Can also be
determ ,ned. Sllch trealed embryos. transferred ,nto a ,u,table foster mother
(Mc Laren and Michie. 1956). can beobsen"Cd for laler de, .. lopmcntal defecls.

The'" an: a lso "' tablished in l';l'Omelhod, by ""hochthe development of lhe
Z)'gole can be studied . TheseproceduR'S rely on killing the pregna nl female atid
inspectin g , he ~nital t1'3Ct and itS wnl "nts at preci sely timed inte", ...b aft er
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malinll . Fortesl purvoses lhes.em.thods would requ ire a colony; o ",'hichlhere is
DOrmallya hii/>f~ue""y of s"",, ... ful mallns. II IS l'O"' ible 10 establish a tlln.
""ale in which lhe location of the ~·",Ie in lhe ll.nital tract correlates well ,,'ilh its
stall' of dev.lopmeJII. De>'iation from lhe norm "'ouk! idenlify a n effecl on the
,al. oft ....mporl of lhe .mbryo and or an . ffecl on cle",'age rale. Similarly. 0=

the inl." .. 1hel",'OC'n mating and implanta tIon l\aj b«n dtttnnined for IIIestrain
heing usro. (lie abw><:c of dtcidual swtllings 48 hourl or mOre heyond (he
txpeeled lime of implantalion "ould sullF51 anli-implantation llCIion(provided
It IuId bttn pre"iously estab lished lhal lhe chemical under >ludy does nol affect
developmen t to lhe expanded blastoc)~t stage), r his lechnique "'ouk! also re'"al
an effect on llle spacin g of embr)'os alon g (h. uterine horns Or their •• ist= in
eclopic siles. Comp;uisons bel"'teII lhese ill ";"0analyses and ;n ';Irosludies
oUlhnod abo".. allow lhe dislinctlon bet"'ttn indirttl (i.• . rna.. rnal) and dirttl
(embf)'Oloxic) aclions of chemICals.

More sophisl;"a tod ""'hniques hav. !xen wW 10 Sludy aspeel$ of ftma ..
reproducli,·. funel;on in laboratof)' animals (indudinll non ·huma n prima tes)
and domestic ,pecies, While lhese could he u",ful in dm'rminlOg the preci«
cau« of ;nf.n;~ly. il is unlik el) lhal sllCh relali,,,I)' romp"" and expemi'"
melho<! ",,11he devtloped for sc=ning purposes.

Direcl ., .. Iualion of early cmbryon ;" 'Iage> lhroui/> implanlalion in lhe
woman is nol yet feasible, Ho"" ' '' r. diflk ullies in litis plla« would appear as
failure 10 conceiv •. rests capable of discriminaunll amonll all ,lie cau"," of
fajlure '0 OOllCt;"..or early failure of pregna ncr' re nol l"I a' -.;labIe(W.rhu non,
pt",>nal c"mmunication) .

2.3.3 [ mbf) 'onle Dill"m.oliarion and Fflal !>e.'elop""' "1

2.3.3 ,1 Whol. Animal rem

Currenl melhods "";lh " 'hole anlrnals are usod for SCrttninll cllen"cals for
embryolo.,cily by delernuninll the txltnl of f<tal loss and f<tal abnormality.
Althou gh lhese methods are re!ali,,,I)' easy 10u« . lhey lead to many difficulties
of inltrpretalioo (5<'<<telion 2.1A). There ar. consid .....ble .rrors of prediCIion
resulting from inl.rspecies ' ·anolio"". pan;"ularly from d,lf.",n= in maltrnal
metabolism of ',,"obiotic s. 11is lherefore difficult 10u« .J<ptri:mental animals in
ItSlS for specifically human melaboliles, Olher probbn. arise from d,lf.",n=
in placen tallransf .r of compounds in diff<rcnt species. and failure of ""m. lesl
anima Is10r.veal embr)'OIO"icilI beea u« "fa tl"PicaIll' st' "'" elf«IS of panico la r
chemicals on (ho:molher, Praclical1imilal;ons a", the hip CO'lIand ",lali,,,I) '
large quanlilies of Ie,t substanc:.. ",""uired.

For lhese ", ason,. consideralion of a lltrn ali,,,, ;s recommended. It is
,uuesled lha t parl;"ula r al\eJ\lIon he gi'"n 10melhod, U,in,l chick embf) ·OS.and
....t and mouse tmb rYO$;n .;/'0,
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1.3.3.1 EJtJj,f'O C"'",,. Iftl JoodJ

X~ con be ta.ed 1JIeh",te1l1 br)"0'1of allstal" of d...."\oJpfMnl (Jelinek.
1919). Ra l and Il"l(lUM embr)"Of f;llJI be =Lau>od in C111.u,ea, all lIaJH of
OrpllOlJ,'I1eSlS(New. 1978. 19&)•• btI \'OIume ~ D"nn~.be penod from bead·
fold 10 cuty lim~bud u". «;112-11 1 1 da)1 of r;emtion ill !be rat) 'be) 1'0'"
aceptionaUy ... Oand •• Ihe Ume nlte as ill ri"". Became tIus IS,he motl en'ol
peri<d of development. ,n _loEh IDlnImllmda"",llI" Itads to~m de(c;:u,
cmbr)'OS provide: a ~arty ...... tw. tn, for ,be 1O~;"lY 0( lOenob,oue
ebemicals.

Tbo IIR 0( cmbr)'OSa"<lds IIItbo p'oblo:_ of "bole a ...... 1ta.l.$ .N"" from
'-.riatiom ill matel1l&llllCtabobsDI.Tbo) CIJI be.....:l for l.<:$llOlof JlWllbo~t" of
:ocnobiotic:sprodU<%d5pOC16cIDyID....... O. ID.n~ ..,kcted .RUDlI.

Th<:se_thods .R'dap. rduble.nd Cln be.....,j routinel) Tbr) rcqllln •
......... ·lu llu&btr .......1o( s.k,D.han " 'boIe aJl1maI<es1Sbu., ale sull'lticmJl 1I"'P1o

WI .... numbo:n of =bryos COJIbep~ "'. fhon ,,""" A lIIImber of
fludits ""b k~" UI'IIOJl''''' and od.... plS ha'"."""...tlu l the =btyo
rulrun: methods pro\-,d< In dliam, and IeI1IlIne 'es' for .mb')"OtOItIl'I1)

Serum coo be l&dded10ch"'k embfyOllnlbeeu or ~rupllln ..."on . Rl'lnd
lDOllSe embr)'OS.re P'O""In ",fUm. Cbemicall may be tal<d ,0 .ny 0( ,be
follo"int ""' )1 :

(I) by dirttl a.ddllJOn 0( the .""' t t0 lbe serum;
(1) bydirec •• ddlUon or the ' Fnl .o. be oerum .oge .her wilh compo""n," 0( lhe

a<,;VI';Ol l yl1e1ll1 (f.mel tt al,. 1979);
(3) by lI,ingserum from a mmallexposed lo ' he agent (Kloin ., al.• 1980 ; Ki .chin

t l al ,. 1981a. b) ; or
(4) by \ISing.. rum from huma n l ubjeet< cxposffi 10 ,he .&ent(~ Clu l0, tl al ..

1990).

In .he cal< 0( chick embryos, chemicall <an .l$o be ad min is.ered " 'ilhou l IerUm
(Jelinek. 1977. (979).

Routine e""miJ:lation o( .he embryos ro. IOU: eff"""<:an include ol>..-,..... lIOnl
0( heart noll' , II"",*, c01\lUlltpuon . nd la<La.e production ...... and I'"ON
mo rp hololY. bislOloS)'. 1cu.1protem and DNA . pro'ein 01'partt of theembr)o
(e_&.head ,'body l\\l.K:lI fer mlCroocpluly. Cockroft ItId 1"", . 1911l).lnd ~11u"r

da maJl' . e.&. sister cbromalO:! oclullF (ICe Wudl .nd Slwmllul. 1983. ,hIS
''OJume).

Morecn lJClll.., mpa llloOlllo( dI"cetlIoI'kno"" cmbr)'OIoU: qmu '" the .. boloo
arUmal aDd in altcmau- .. lyoteml ....,.,Id p""ide furtiltr ...r_lJOOIon the
predictive .-aIbe of _ ,,~th cluck embr} ... 0' rulJllred l\\' mouw cmbr) ...
compared ...;t!1 ,,-tao.. IIWDal lab, aDd on relati' ...... u. ExammalJOn of the
... ny end-jlOlfllSu...... y be III<d ID• I'nl1O.\icit) rcqwrn rurthcT .. lid) ,n
ocder 10 Kkct!be belt eDd.pomli (or l'OIltine.,.., .
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2.3.3,3 H"mo1l S,Iliiil's

The effects of ehemicalexposu~ on hurnan embryonic differentia tion and fetal
developmont can be most directly ascenained hy clinical and epidemiological
studi .. . P""ible eoo -poinlS and the available and potent .. 1 method. h;>
detenni"" these end-poims include the foll<lwini:

EmbryOl1ic(1J1dfetal loss loss after implantation but before clinically
recognize<!pregnancy (10da)110 appro ximalely 28days after conception) coukl
be determined by pregnancy testS.Pregnancy can be detected as early as 10days
alier e""""ption by radioimmunoassay ( RIA) or radior=ptor am y (R RA) of
the B wbuOll of human d>orionic gonadOlropin (hCG) in matemal serum or
urine. Conlinualion or Ios$ of pr<gnancy i~ determi ne<!by a pregnancy te5t alie r
the time of the next expecte<! menses. Such a study ";ould have to he done
prospectively on a group of "'omen attemptini to become pregnanL Th.
procedure woukl be expensive and difficult to apply 00 a Iarae population
sample, Also. linle is known about the cau of these early Ioue>and how they
relate to Olher reprooueti' .. end -poim., Ho ' .. r. the test " 'ou kl be powerful
e"en " 'ith a small population sample. as it has been.uggested that tllere is a high
Tale of ' ..ry early Ioue> (aboul 2~/J in the unexposed population .

lo .. of clinically recognized pregnancy (later than abo ut 28 da ys alief
concep tion) is considered to be a spontane<lU$abortion. Such 10S$e$could be
Sludie<!by <Xamining hospital record. or Olher medical record. or by retro _
specti" e inlen1ewS, In the first two ....... the , .. rificalion of lhe pregnancy by
p",hol<lgical (Uminalion would be possible , and information coukl be obta.ined

""
(I ) the ll""talion period (50me""," nailable from the local medical practi.

tioner ):
f2) morpholo gy of lhe abortion proouet of conception «(mply sac, di50rganiud

embryo. malforme<!ombryo or retu•. gros.ly norma l embryo or felU$,etc.):
(3) placcntal abnormalities: and
(4) karyotYJ!<lhrough culture of relallissues.

In a prospeclive nody. addiliona l information on the time of death of the
conceptU$ mighl be obtainod from ultr asound Slu(hes of heart bealS.

Hospital and medical rttOrd. may .. riously undenslimate tile incidence of
ea rly spontaneous abo rt ion. sil>Cemany will not come 10medical ane nlion. The
proporlion willdepend upon lhe a, .. ilabilily and \I$C of services, and the q uality
of record keeping . In some ca.... informalion on sponlaneou. abo rtion rna)' be
a, .. ,labk from vilal $taliS1~ rttOrds. bul il is ".,.. for ""'h da ta 10becollected on
early pregnancy Io:sses,More accusat. dala can be obta.inod by retrosjl«tiH
interviews of lbe mothor (lhough nOl from othor informanl •• uch a. lhe
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husband}. HO"" ' '' r.t~ data a..... ubJ«1 1oII><bIas ofrcc.all and inaccuracies
of self.J.iagnosis.

P,e",,'o! studies Prenata l monitoring of II><fetu' i' possible by ultra ·
sonogra phy. Usinl ~l time ullno$OUndimaging, embryonall><art heal ean be
"5Ualizcd. beginninl at ge>alio nal week 7. lnformalion on the general ap.
peatance of Ibe conceplU' and tl><,i le of implanlalion can be obtained
appro xima lely a week earlier , Al midgeslation (gestation.l weeks Ig~20).

uhrasound screeninl makes it possible 10delecl multiple p....gn. neies and ""me
ITO$$malformalion. of lhe fetus. . ucb as anennephalies. Ultrasonic anlhro.
pologicaJ measurements made al thi, paiod can be used lISa 'larlin l polnl for
prospecli", gro""h evalualion•. Abnormalities in planental localizalion and
SlruclU.... can be recoi"ized al lbe sa"", lime. and thi' may pre", nt prenatal
10>$00.The evaluation of fetal growth .hould be basedon at least IWoaddilional
ullrasonic musurementS performed around &t>U1lionalwttks 29 and H .

Tbe method is currently regarded as oafe.Screeningof lhe who le population i.
p<»sibleand tl><result. can be stal islically evaluated , Ullrasonic screeninllcould
e' .. ntua lly be used 10 detect difference> in pregnancy outcome in e.posed and
non..,xpose<!populations in cases of industrial accidenu. The cosl of ullrasound
testing is considerable.

Transa bdominal monitonng of felal behaviour (fetal bean rale. feUlImo',,·
menu ) i. possible during tl><third lrimester of prell'ull"'y. In some ca... . tl><
reJislered changes may re!teel immediately lbe exposure 10 xenobiolics.

lbese melhods a re used in e""luatinll fetal ",-.1I-beinl and are regarded as
complelely safe. TI><cosl i. comparably 10""and lbe resulu are immediately
available.

X· ...y radiOiN'phy in buman prenala l screeninll should be limited 10 slnetly
ind"'ated cases. The melbod pooesrisks of «rio,," long.term conseqUCIIC('$.and
even lP'OMdefec" are difficuh to delect. The expe..... are considerable. X-ray
...diog...phy should not be apploedif lhe felus isex"",,ted 10.u ,.,.ive. and liSuse
.!Iould be confined to experi"",ntol animal 5ludies.

Cultivation of amniOlic nen, and Il><irkaryolyping is a routine method for
deteetin.g:struelural and numerical chromosomal abnormalities, The metbod is
I"thable and useful but expen,i",.

CIte"""al l.. I' elucidaling bormonalle"''' al"t used for sex prediclion and for
diagnD>isof some endocrine disorden. Tesl$ based on the roncenmuion of
alpha .feloprolein (AFP) in lbe aJDJI;otie!tuid and ",'ilhin rnalemal circulalion
ha'" been used in larjlCpopulalion . Iudi.. for screenilll of open Deural tube
defects.The risk ofcomplicalions relaled to amniocentesi' may be lesslhan O.S\.
The oplima l period for amniocentesi' is bet"'·ecn 16 and IS ge>tolional we<:ks.
Usually S-20ml of !tuid are "'i lbdrawn from a total of 120-300 ml, Biolollical
leslinll of amniOlicfluid requireo skill . nd i. lime consuminll. Screenins of AFP
may be do ne at reasonab le COSl.
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I'trina/al <k(J/~, Fr«juencICS of late fetal dealhs , itillbinhs and dealhs of
no"oorm a'" available from "tal stali' lies data; n most countries , Thi. is an
accural ely record ed and easily accessible end-poinL However, it is ,ubject to
""drialiondue 10le", ls of pm.natal ca"" and lhis maol be controlled in lhe sludy,

W~ig}"s of "''' '/1.:;>.""and p41<:tntl>Sinh "-eighl is a""ura ,tly and regularly
recorded on birlh cenilicale> in man y coun tries , It is also available in bo>pital
and physi<:ian's reco.ds, or, rClrosp<:<lively.from maternal hiSlory. Placental
"-ci&lll is a"ailable from medical record•. Birtb "-cighl is a "'n>iti'-c indicator of
malcmal and fotal exposures . low b,nh ,,'eigbl is highly correlaled wilh
perinatal dea tb, congenital malformations, chrolOO$Omal ab nOTlna litie> and
dc' -clopmcntal delay, an<!,in ,he absence of other da\.aon the><end-poinlS. birtb
w",ghlS m be used tnstead. Tbis inform.a\lon is also llXurately rel'0rde4
aDdnol subj<'CIIObias of recall. Placental "'eigbt is leu accurately measured and
recorded. bUl genera llycor",lale> highly w'lb birtb weight. HOI',ever. change in
placental weigbt/birtb weight ratio may be informatl\'e.

Cong<'" ju,l mtil/tmntll IonsIn term bIrths. oon&<n,talmaIforma lion' a", usual!y
incompletely and inaa:uratel) ' recorded on b,nb aDd dealb certificate>. To
determine malformalions. ",fanlS should be examined by a paedialrician
preferabl)' lrainc:d in d)~morpbolollY . Age a' examinalion maol be conlrolled
beca"", rales and types of malformati on " i ll \':I.y Wilb &gO. Congenital
malforma lions .hould be classified as far ... possible inlo aeliological calegones .
Labora,ory tests may be required 10 make specific diaposis , Tbo \'ariety of
malformations makes il u.ually necessary to Jl"oup tborn for analysis. Metbod.
of domg SOa", imprecISe, and ola$$ifica'ion rna)' produ ce misleading resulu,
lnte","w data on malformation' a nd exposu", ,talus may introduce bias.

DtIaJ-edt.J!U lS Follow_up slud;'" of ofl"spnng of exposed molhel"$can ","e.ll
elfoeu ,,-bicb cannol be del..,led at b" lb. Tbcse include de\-clopmontal delays.
beba \;oural abnormaUlies and lran, placonta lly induoed Oa""<fl. Te$lS of
d.. 'elopmenta l stalUS.,nlelligencoaDdbehaviour would ha"eto be used 10assess
lhese end-points _Cancel"$can be a"",rtainod by follow-up sludies or thr ough
",a",bes of cancer ",gislries a nd dealb "'glSlnes . These follow-up $1udi.<:sare
eX]l<'nsh-c and many subj<'CI'will be 1os1d uring the follo" '-up study. Allhougb
difficult 10 tn\'estigate, lbo'" are . ignificanl end-poin!>.

2.3.3.4 PaFlur;limJ

T,, ·o major elf""lS of chemical ageo!> on par lUril;on ba'e 10 be considered '

f'remolu"labo u, and d<'liW"J' A preUmina ry screening of cbomicals for tbis
off""l ca n be performed by tes,ing for ul""' ton ic activity in >It .I>.The'" a", tluee
optioll2.1m~thods:
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(l ) 1M in ,'i,,,,ral uteri"" stnp tesl for ulerotonic activi ty. Tile isolated uteri""
hom of an oestrogen-primed virgin ral (Sprague-Da wley OrWiotar slrain) i.
suspended in de Jalon s' solution or Munoick's solulion . The ad'-antage of
this te,n is tbat it is ,imple .... ",iti,,, and inexpensive. Tbe potellC)' of tile test
.ubstance can be expressed in relation to oxytocin by means of a 4 x 4 poin t
bIoassay . Altbough tile ",,~dity of thi. test in rela tion to buman uterus ha.
nol been established, aU tile known oxytocic agents have a demonslrable
elf..: t on tile rat utn'llS

(2) . n a he rna ti' .. would be to use premenopausa l human myometrium strip< in
\·j,ro . While this test would be more relevant wilen testing for ponible
uterotonic effect, in women , premenopausal buman uteri are difficult 10
obtain in some countries .

(3 ) tile in .i,,,,rabbIt uICnnetest;, also useful for detecting uterotonic acti vity.
This entai b tile recording of cbanses in intrauterine pressureo caused by
contraction . induced in tile uterus . A rubber balloon or a n)'lon .ponge
coupled to a pre .. ure tran sducer is used for recording tbe cbang es on a
polygrapll Ahhou &JItbis prepa ratIon is sensit i' .. to all kno ..... oxytocic
agents. inllerent di .arh"nt ages of tile system are that a considerable amount
of time is n"","",, 'Y 10set up tbe a.... y and . ", 'en more so. it is ,u!lCeptible to
sponta"""u . contraction . wlticb are sometimes difficulr to distinguisb from
those induced by' the test aubsta""e , This makes the preparation unsuitable
for quanti tative a.... yowben It is necessary 10 express tile pot<:t>ey of tile test
. ubstancc in relal ion to • •tandard OX)iocic "" bstance- such as oX)i ocin.

Deu.y~d f'i'Fluril ion Thi. elfecl of chemica " "' ould result in expo.ure of the
fetu. (and IIIOther) to the weU-known hazard . ofpostmalurity . Altho ugb it is not
an establi. bed method . in \';1'1) inhibition of oX)iocin or prostaglandin a<:tivity in
tM ISOlattd ulerus from an oeslrogen pnmed ral cou ld probabl y be used to
identify chemica b capab le of delaying parturi tion . Tile procedure " 'ould consist
of determining whether the conlrac tions norma lly induced by oxytocin a nd or
plmtaglandin are Inblbited when the testsubstancei s present in tile batb in wbleb
tile uteru. is .u.peDded . Sinoe ... 'eral facton are Involved in tile induction of
labour. the ,,,Iidit y of this lest is open to'lu eSlion ,

Delay in pa rturition could be beslteolltd in a whole animal expe riment using
pregnant rats . Tbe a". rage duralion of pregnancy in this species is " .. II
.. tablished and. by adminIStering the . u. pccttd chemical or drug to pregnant
rats. it would be . asy to determine whetller parturitio n is delayW

Tile problem ;' thai the re are no a=ptcd guid.li neson dosing and or duration
of treatment witb the .... , 'ubst ance. Tile route of administrat ion also need.
co lUidoration. Oral administr ation i... . y but ba:(>mes problematic " 'Mn tM
test .ubs ta""" ia insoluble in water. In suc h ca!CS. tho substan"" could bc
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. u,pended in gum acacia or 'comp lexed' with polyviny lpyrrolidine (PVP), For
'co mplexat ion ' ",'ilh PVP. lhoetesl ,ubstance is firsl disonlved in a non-aqueou s
sol"em sucb as elha nol . mixed "';lh 4 parts of PVP aJ>dlhoesol""nt remo,"tld by
lyophiliu l;on , The midue will now disscl .... or fonn . ,uspensi on wilh w.l ... .
SUOCulaneou, injeclions , hould hoe admin;'tertxl in dilferenl areas of the
abdominal wall eacb day 10 pre ....nl ulceration . nd induration which would
result if the injections were &,ven 10 lhe same . rea daUy, lntr aperiloneal
injection s are nOlrecommend«! as lhoeymay cause adhesiOl\$. The test could also
be des;"'ed 10 determine wbelhoer.n anti-implan talion effecl is produced and
whelMr 'M d'emical cau ses fel.1 r1i$(Irplion. For lhi. purpose . the chmtical
would ba .... 10 be admini stered for 10 days from lhe dale of con<:eption ..
Mlermined by Ihe pr=nce of 'penn in • vagin.1 smear or • copul.,ion plull. and
Ihe autopsy perfo rmed on day 16 of pregnancy . An aoal)~i. of lhoenumber of
corpora huea . lbe number of implantation sites and thoenumber of normal
fetuses would then be delenni lle'd.

When a choemical'Fnt isotro n&ly suspected of alfectinll parturition, il may be
ncctSSary 10 r1i$(In 10 experimenl ' with primal " , This is, ho"'.. ' ..r. "" ry
expensi , .. and can be performed only at a few specialized cent .... .

The procedu .... described above ca n be regarded only a, 'llenerallllliM line...
there aTt >"Oryfew d,em'.eal . genu which are . bon ifacie'nl (e.lI-"'got alkaloid "
quinine ) or which Mlay panuril ion (e.g. alcohol, isouupri ne).

a,lIncomplktJrit;m.tof JKlTlliTi'i'm Animal models are not currently . va ilable
for tes,in ll for "'leTItion of placenta. ahnOTTT'lllI bleedinll of lhird Inmesk r and
parlunlion . Or dysfunctional labour. Epidemiolosica1 methods descril>ed in
...aion 2.2 cou ld be~ 10 e""luale lhese complicalions .

2. 3. 3. ~ £ff.~tJ of CMmktJl Apn' s on u>(Iorion

Inhibition of lactalion (pbysioloJicaljbebaviourall can be evalualed by • whole
an imal study . usins KIter ,urvi val a nd growth 10 ~ninll as end-poi nil; lhoe
,pecies use<!is mouK Or ral .

Postnalal e1fecll of chemica l .genu may be mediated directly via choemical
Cootenl of mil~, ,n indirect ly lhro ugh lbe effects on thoelIIOlhoer (neglect of
olfsprillj). A cross-foster design (Figure 2.3) can separale fet.l elfceu (parentaJ
up05ure ) from postnalal effects due 10transmission oft be conta mina nl in mil~ ,

or due 10 thoeeffceu on malema llaclalion or beba vi" ur (Keller and D<>herly.
1980) .Analylical .nd Olher methodolo gical r«jui",menll include a rndiolabelled
chemical .or upecific. "'liable ana lyt ical rnelbod ,ufficiently .. .wl;ve 10",ea.mr.
the chemical ' quantilati vely in a 'mall .olurne of mOuse blood (0.100- 1.00 ml ),
plasma (O.050-0 .SOOmI) .nd mil~ (0. ISO--{l.2SOmlj(samplea can be pooled from
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groups of mico) ; • bleedin&technique (insonioo or capil lary tubo iOIOorbllSl
sinus). and a milkinll teChnKlu. (milk colkc lion i. aidod by sub.":utaneoul
injection of 0.3 U of Synll1etx: o.~tocin 15 minules bofo... hand u prlllilon of
milk iolOcoOltant bo ... capillary tubol). Tile dOling rou," I\aa10 bo assiltlliar as
~iblt 10 the human route <>lexpceu re. T he dOle 1c~1 sllould bo 10 tbc non·
1Oxic:[;O0l!". An option of intnlvenous route (mo u"" tail , .. m injO'<:\Jon).possIble
for phann acol"lI<l" Rudocs.

A similar (non-fadioeo:tl ....) mcIhod call bo llICd for meuunn. ao::lClmtalOr
oo:upalJOnal npos " ...... or for _I onn. thronic cxposur O$<>l" -odnprnd
chemica l COIIta"""lI lS of lhc human en>vonmen l. suc" . !'C& and lead.

2.3.3.6 EJf«u t>fCItmuttJl Alftt u .... M" ln>Itll &1",..,."
CbrnUaI • ..,,11 may &6«1 malftna l bola, ,,,,,,r to ttl< oII"spnlll- sucll •
Iacwica aDdDeJUD&.T!IebaI .... y ofsrud y..... tlasd'fClCt...,.,1d bo by ........ of _
cmu-f0Sl<n:tl. deslJII upn UllmI (t« Knion 2.3.3.5). T!Ie end1l'OIIllS.,ould
""'bit bU01... " ,. -..l IInft .. elp l. "~ of cannibablm. n<SlI n. a nd ,mcraI
bolla.iou r o(ltI< lIIOIbM1 SlDCClhcrc arc fc.. ...cord ed ol>scr\-..bOnIo(thcd'fccu
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of chemica ls on mOlhermg, detaIled e~penmental prOIOCOI$need to be
de ....Iope<!.

Tesl procedures discussed in seclion 2 a re summanzed ,n Table 2.1

2.4 CONC LUSIONS AND RECO:\-IME",'OATIONS

(I) M<»t of the currentl}' a.'ailabl. melhod, for d.,.r mining female rep ro­
ducti," . nd ·poinlS ha ' .. not been n lidaled for ad, ..1'S': e/f"'lS cau$ed by
x.nobiol~ ag. nlS.

(2) For new produ cts or prodUC1~ already present in lhe human . nvironme nl,
which musl be .va lualed in term, of human heallh bazard. test procedu res are
required which are app licabl. to rou lin. screenIng of large numben of
compounds in . xperim.nlal laboral ory animal' . S. nsilive procedures are also
n"' ...... ry for the relro.pecli". ,"a luation of the . fTecl' of chemicals on human
populal ion. or domeslic anima l'. In addilion , lhere 1$ a need for cont inued
mo nitoring of compound, which ha,'.alread y been Ie. ted and released for~.

(3) The Work group f.lt 'hat the d. ....lopment of populati on screening
procedures 10 monitor r.pr oduclion end-poinl' based on non -inva, ive tech_
niques i' a n a rea which requires further au enlion

(4) The difficullies of apply inlllhe resullS of in ,'Itro or in ;'ivalaboratory
smdles of female reprodU<li,.. functions to human health risk eslima lion are lhe
same a. ,n Olher branches of predict i.... 1Oxicology,

(S) The Workgr oup 'lrongl}' . ncouraged com inuou, mr ....illaoce and cr;lical
re-evalution of nan dan! test , of toxicily 10 female reproductive fUllCtion .
Biolog;caUy app roprial. 'ar g.lS. 1Oxicological''lI~dity and CO" efT"'t,,'enes, of
test, ar. a'peclS lhat requIre re-evalua tion . so lha t non-ellicacious procedu res
can be ap propriateiy modified or .~minated from standard l.stin g prolocols a.
new informal ion become' avaIlable.

(6) The Work group note<!that re~able melhod, are now a" allab le for using
ral and mouse embryos in . Im, and chick embryo. in lesling for embryolOricity
of chemicals . Th<se rnethod$ ap pea r 10 ha.... se....ral advantages Over the
$tanda rd whole anima l te. t, and ' hould be fun her e,amined 10 asses, theIr
predictive .'alue and CO$1. ffecti" . ness in compari son wllh other procedures.

(7) When " 'aluah ngthe .ff"'l' of environmental chemica ;'. lhe potential of
farm a nima ls a$ ind"'al or $pecie, ,I>ould nol be o"e rlookcd. [K,me$ticatcd
animal. can be especially valuable a. tbeir reptod UCt;, '. lICtivilie. are in mosl
case. accural. ly recorded . Thi$con.l ilutes a valuable Source of informa lion for
retro,pecti". epldem;ologi~al su" ..}, .

(8) The", are c.rtain a.pect' offemale reprod ucli"e fUllClionin which effects
of ~.nobiot;c. are nol known. For ..... mple. lhere are no labo ralOry or animal
models to 'l udy $u~h effecls a. abnormal p lacentation (placenta praevia) and
po'tpart um hemorr hage , Research i$ requi red to d.... lop "alld lest m. thod , for
suchadversechanges .
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(9) The developme nt of a more """,urate a nd .. ten, ive dua bas<:on human

reproouct ive end 'p<l,nts should beencoura ged Th. present routi llely available
'ital and heallh statistics service' .hould be upgraded. panicularly with rospc.:t
to Tapid data ana lysis and feedbac k 10 tho'" r.. ponsible for data recording, Also
to he encouraged are centraliz.OOda la banks (local or nat iona l ., ....1) on
oc<upa,ionaL llcalth and reprodu ction statistic . organized in such a "'ay lhat
da ta ~nkag. i. possible
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3 Mamm als : Reproductive Function
of M ales*

There is an incmui ng OOnco:mthat exposure to ehemicals may adve.... ly affect
male reproductive function . This conco:m has triggt'red an intensified :lCiwlifio::
in=1. and sev<'ral rq)QI'U ha'" T«:ently hecome availabk dealing ..."ith the
phy<iology. biochemistry and tou:ology of mammalian reproduction. and the
evaluation of underlying b1olog;cal p~ and their sU500ptibilityt" emge­
nouschemicals (Dixon, 198Oa. b; Amann. 1981: Bedford. 1981: Burger and de
K"' tsor. 1981; Hansson .. aI.• 1981. Mann and Lutwak_Mann. 1981).

The structures and p~which are involved in male reproductive function
and which may be influenced by uogenous chemicals. directly or indir«:lIy.
include the hypothaLomic-pitUltary-llOnadal axi.. the testes, efferent dUClS.
epod"'yml$ and mak accessory "rpns. the f(>rmll.tion and composi l;on of sem<n.
seJluol beha,"iour, and the proce:ssesof erection and ejaculation.

An allcmpt has been made bolh to ....... critica lly cxi01inil testing and
e'llluation procedu.... and to suggest applications of more rocenl =a", h
method•. Fo r this reason, perhaps more t han usual degree of. peculation has
been permined.

3.1 STRUCTURE A;.iD PHYSI OLOG Y BACKGROU;.iD

3.1.1 Hl·pothab mic- Pituitary -GOIIadal Axis

F"ll ide stimulating honno "" (FS H) and luteinizing h" nn" "" (LH) are glyco.
protein. synthesized and rekased from a subpo pulalion of the basopbiliccellsof
the pituitary gland tcrmed gonadOlropic cells (gonad,,'rophs . IC>nadotropes ).
~nual regulation of the pituitar y gland is mediated by the hypothalamWl.
communicatin g by "''Oy of a specialized vascular ' )'1lemeallod the hypoph)~1

portal .ystem. Hypotha lamic ncur« nd"",rine neuron . secrete .pecific releasing
or releaso_inhibiting factors. called hypopbysiotropic hormones. into the
hypophyseal po rtal system. These hormOll<Sareca rried in the blood of theporta l

0Tlri< ooruoo us p~ 1»'. Wotkp-oupd>ounl I»'Thad<I<.. 1>1...... willl RoI>oml , Duoo ..
fOppoo-< Cltb<T""""b<r. "fib< Wot kJroup ~... R E_ . j 8 , K<fT. C. l.' .... · "' .". . A
1>1._ j hhzd. . • Dd R. G . T• .,j ,ll'.
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s)'stem to the adenohypophysis where lhey act upon their target cells to stimulate
or tnhlblt the release of anlerior pituitary hormones. LuteinIzing-hormone.
releasing hormone (LH RH) aoU upon gonadotrop'oc cells. thereb~ stomulati ng
the releaSt of FSH aDd LH. Purified preparations of native LH RH possess
inlrinsk FSH-stirnulating propenies, thus suggesting thaI LH RH and follicle­
stimulalin g-hormone·releasing hormone (FSH RH) were one and tho ""me
sub' tan ce. Synthetic forms of l HRH stimulate tho releaSt of both gonadotropic
hormones. lhoreby leading to the proposal that this compound bt termed
gonadotro pIn-releasing hormone (GnRH),

The neuroeDdocrine neurons have nerve terminalS conta ining monoam ines
(norepinephrine, dopamine , serotonm) impinging upon them, The effects of
reserpine or ohloropromazine a Ddother agentSwhichalt . r Or modify the contenI
or actions on reproduclive funclio n of brain monoam ines are well documented.
Dopa mine i' kno,,"l1 to cause the release of LH RH.

The releaSt of hormones by the adenohypop hysISinvolve' a chain of events
which grea tly multiplies the original ,ignal. Hormones released from lhe targe t
gland, such as the ,esti•. rnay produc e dramat>::bthav iou,."l and Otherchanges in
the orga nism which are the end result of the hypotha lamic release oftra n' millers.
Tho peripheraDy released hormones ac, b)' wayo fa feedback mechanism on ,he
brain 10 modify lhe concentralio ns of transm,tte .. in tbe hypo thalamus.

Thi' sellSitivea Ddcomplex system pre1enlSseveral targel$ for em; ronmental
and Industria l chemicals. and there are many drugs though t to exert ,ignificanl
effecls on or 10aller tho normal funclional state . II isclea rly established that the
effeelSof toxic agents on endocrine processes in the brain or pituitary gland may
iDdirectly inhibit spermato genesis, aller str:roidogenesis. cause abnormal sexual
behaviour and /or resull in slerility. Alteralions not so severe as to result ,n
infertmty may be detected by measurements of FSH, LH and testosterone
concentra tion' in the blood, In contrast 10 semen or testicular tissue, blood is
relati"ely easy to obtain, and measurements of these serum hormone con­
centrat ions provide specific ind>::ators of toxicity to the reproducti"e function ,
FSH probab ly acts primarily on II>::Seno li cells. but it ~Iso app<ars to st'mulate
the nuto t., act,vit)' of sp<rmatogon ia. l H stimula tes steroidogenes is, A defect in
the function of tile testi' (in lhe production of spefmat02QllOrlesto"e rone) will
tend to be rdtected b)' increased Ie,.. ls of FSH and lH in serum because oflack of
the 'negati"e feedback' etTect o( testicular hormo nes. Com'e""l)' . if a defecl
occurs in hypothalamic Orpit uitary function, blood 1e,..I, of FSH a nd LH will
tond 10dec~ase. A l HRH test has beend emorrstrated to becapable of detectin g
mild deg"", " of primary testicular d)-~fun<:1ion insufficient to elevate basal
hormo ne 1e,.. 1sabo"e tho normal range.

Testosterone and olher steroids such as danawl and , .. rious progesta tional
compo und, ha"e an antisperma togenic action mediated via til<pituitary gland .
The antispermatogenic action of melhallibu~. certain 'i lonnes, and ehlo rma·
dinone as ,,"'on a, that of certain new synthetic agon ists of the hypothalam ic
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JO""dOlropio.,deti lO' hormo .... a~ me,h aled b )" lhe pilulIa l)' , land (Maoo
and Lul ...u -Mano. 1981).

.U.l Tom.

Tho taIlS can be: divided lnlO 1'Il'O m&JOfco mpArtme nts. the inleT1IlUWll
(IOtenuuaJ splitt) and "'" -.moroua lubules. These compartmen .. ha ...
ddf....., l m1br)l>iop:al on..... IlIllqUf ""U popu.II tions and disUrJctfimato .
Tho .... jor funrooo>of tbe In~llum .. tbe prodllCtion of aeroods by Loydll
otUs.Tho~ major ODOIlribuUOllSof tbe 5m1IniCnous lubules an: !hi: openaa.
_ ...1licb ck>1:lopfrom !hi: ~IOlOnl&l ....... cdIs. aDd tbe p<OO<lCUof
SenoIi cdIs. Tho fUdCllOftofl>otb !hi: Intenuual _ aDdsem ............ tubuks
• ~1OSeIY Inrtt .... .IatodWltb that ol tbe pUUltal)' Pan<!aDd b)-potha .. m....

ThoTean: a numberof .....rilbles 10beCOllSOdcndIn tbe aZ""U""1Il ol.e"ce .. of
a ~ be"",,",1 on ""lJ~".Iat f~ pharrnxoltineua.. roulOSof admlntsU1ltioto.
m" luple uposuros. time of nposun: . .. _0:~ qllJ!CD"ll':da_ae. spoaes
dllfen:tlCC'S.age and I1aF of lb,,1opme1l 1(fotal . DeODatal prepubertal pube rUlL
-.lu lt. ..... seeol) (DiJ.on and Lee. 1980. 0... 00. 1981). Dircot ad,,,... dec ..
..... rally <><Xurin tbe oelb of 1110KIIIlntl".,.DU.qll1belium; 1110"ll'Olhal.
amic:-pltullary -COoadal UJS. lpenn maturation or <penn tn ... 11 may be:
alf""led indirtttly.

3,1.2, I Inrowi t;um

The u yd ill celli a~ lhe mjun 1110of testOSleroo e 'jo lbesi. and a~ closely
a~i'led wilh tbe blood vessell I nd lbe lympba lic .pace of tbe lei t i. wtueh
f~ilitate lbe tran'pu n of telIlOlleronc from tbe Loydi, celli inlO tbe lubu~. LH
tumula lcs '!C1"oidol"ncsil in pan by i....... in, II><hyd rolYSIlof eho lelterol
"1<'1'$ 10 frtt cholesteroL C ho1clu rol iI pro bably lbe IOUItt of all I01tic:ular
Itcroid horlOOncs. Andro llOl'IS. lhe dom",ant l1<'r01dl ......., tod by the tatis. a..
essenlial for .pennoto l"r>csil. tbe &7o",h and 1<>:""01)" Kh'-;ty of accasory ...
O1"p.... lOmauc mur:ulnu>;allon . male brha>'>OUrand ,.,.riousmetabo lic:pro­
<:aICI. l.eydi, oeDfune""" .. ful1hl:r dlJl:Uwd in secuon 3.2.L

3.1.2.2~ T"b,t.I,.s

Tho pnmaty ""lluIar almpotWtlU of Ihe,nl1ln:d"erootatubuiel a.. the Ff1B "".
(spnma logon... p.--.marJ~10Cl=. IieICOldaI)' IfICnlI""X)"lts. and spC1"'

maudt ) and tbe Smob «llI.. Spoerma~ takcI pba;" the Kllluuf....­
epotbehum ...-here""1Iu1orreplJabOll of ."'m cdls and .tem cdI dilfamtabOll
ad to the formalJOl!l.of ll"'fI'IIIlOlOL Tho fuD;-uga of the Sn10b ""Ill •
D1lllfllOOed and \eMclear . Tho)"do 001dMdc lD-.lull .niaah. awa=>t!y pia)"
aD IIllponatlt rok: IDmectml the llIItnuoml mjuu=ll:ntI of the lb ... ,



48 Mn ltodJfo r AUr>$,"&llot l:.1!ff lS0/ LMmi€al, on RqrodU</;'''' Fum:lw'U

sptrm. and a....Involved In ft~ld s.ecretion . Among the secretory products oft he
Sertoj cells are l~ and,ogtn-bmding protein (ABP) and inhibin. T~ Sertoli
cells a re al50 critical elements of tile blood test;' barrier.

&mj~ifer(}ws epi,lotl;"m The primary role of Ille seminiferousepitbelium is the
production of.ptnn. Spoermatogeoesis isinitiated during poslnatal dcvt:lopment
and .llo wsfor transmission of genelic material between generauo ns. Sp«:ifically.
it results in the formation of .pennatozoa which contain a haploid number of
chromosomes . nd ,,"'h"'h a.... capable -afier completing .ul:>sc<juent
maturation -of locomotion and penetration of the egg. SpermtOFn .. ;s is
characterized by the con.""ion of a 'p«:ifoc undlffc....ntiated $lcm cell inl-o'
highly differentialed cell type while ....taining a spermato gonial reserve. It
mvol"elI a complica ted ,," of mitot ic d;vlsions and meiosi. , Because of lhese
varied characteri'tics. Ille process i' highly ,uscept ible to cytotoxic cllemicak As
the number of 'permalOzoo ejaculated greatly e~ceeds the number needed to
ensu....fertility. oomp....llensi'" semen analysis is a mo....sensiti'" end_poInt for
identifyilli ad"' ..... effect. of chemicals than ar" ",",tilli procedures .

[n a laboralory animal such lI$ the rat. numerouS spetmal-ogonia in particular
regions of the seminiferous tubu"" divide .ynchronou.ly, and the cohorts of cells
which resull diffe....ntiate In un ison. Jntertt llut.ar bridges persist between the
C)10pla,ms of the germinal cells a rter the nLiCleidivide. Thus. adjacent cross­
section, through the seminiferous tubu"" appear different. Detailed anal) '$CS
h,.. " ddined lI$ many .. fourtet:1ldifferent cellular associalion ,tages in the "' I
and si. stages in man, Each cellular associallon contains four or fi", 1}-pe5or
layers of genn cells a<sociatedin a .p«:ifocpat tml .The complete seriesof cellular
a<sociatinns i' tenned the seminiferous epithelial cjde. This cycle ranges from 8
to 16daysde poending 00 sp«: ies. [I is 1) days for the rat and 16days for man. The
Itla t" 'e dura tion of each stage of thecycle can be estImated hiStologicallyOrwith
trit iated th;midine pulse labelling. Howe."r . for each sp«:ies the seminiferous
"Plthelial cycle is. l»olollical constant and unaffDCtedhyse. ua lactivily (Amann.
(98 1).

In co nlrast to lal>oratory an ;mals. only a few adjacent cohorts of gonn cells
dc",lo p synchronously in man. and the cellular patterns are much less distinct
Degeneration of po"nt ial germ cells likely contributes to this pheoo"",non.

Shortly afier complet;na DNA , ynthesis. tl><d<>"loping,.nn cell5 kave the
baslIlcompa rtment of the seminifcrous lubule and enter the adluminal compart ­
""'nl . There the dC'"lopin,lllCnn cell' e.periencc a un;quechemicalenvironm<nt
""'ltich Isapparently essential for the completion of meiosis. Theolt ticallj'. four
spermatids are produced from each preleptOlerr spermatocyte. Spenn a\ld5. in
contra,1 to tlw:irround ceil p.-.x:ursors.luI' '' a highl; condensed nucleus. scant
cytoplasm. and a ftag.ellum. Based on changes in tile .poermatid acrosome.
sperma togenesis can be considred as a continuum con,;"ting of four differenl
phases of matura'ion in tile t.. tis. The final produclS of spermatogenesis, tl><
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spermatozoa. an: rdea!OCdmto the lume~ of the !OCmlnifetou< lUbule. Prior ro
release, til< germ cells are called spermat lds . and after ,permiation . the) are
called .permatozoa or sperm

The duration of ,permatogene<i, is the ime",,1 ~t",een the time when a "em
,permatQ!QnIUm bee<>mescommitted ro produce a cohon of spermal ids and tlJ<
time of release of the resultlni 'perm from the !OCminiferou<epithe~um. The
duration of spermatogenesis is equalt(> about 4,5 cycle, of the !OCmioiferous
epilhe~um. Stem spermatog(>tIJa periodically produce dlfferttuialing ,permaro­
gonia . This periodicity define< the dur~tion of the "'mioiferous epithelial qcle,
Thus, each cycle of mat ure ,permatids released from III<"'mioiferou. epithelium
originateS from .permatogonia commined 10 differentiatioo approx imately 4.5
cycles earlier, E!ecau!OCcohorlSof developing germ ...,11sin different regions witruo
tbe tubules complete <permatogeoesis at different urnes. spermatozoa are
continuou,ly released from tbe seminiferou' epithelium,

Va rious drugs and environm<:nllli chemica l' can produce <pecific lesion' that
re'ull in degeneration of all germ ""lis at the point of attac k and eventually
eliminate tho'" more advanced form< ",hich wouk! ha ' .. differentiat":! from the
affecte<!cell'

Se,/o!i C<'liJTbe Seno li cell<control the immediate e~vironment acound the
spermatOCJltes and ,permatids alX! are e<",ntia l to normal ,permatogeneslS.
Ma~y d .. micals affecting ,permatoll"nesis probably act via an effect on the
Serto li ceUs rather than directly on the germ celk Tbe Serro li cells &serve more
attentioo a< a target for testicular ro~icily.

The Sertolice lls appear ro he the host cells for the developing germcells, Sertoli
cells and spermatogo~ia line the basa l lamina of the ",mioiferollS tubule "'ith
"ther germinal cells eitber 'i tuated between adjacent paIr< "f S"' t"li cells or
embedd":! in the luminal matgtn "f lbe Sert"li cell q10pla,m. Specia liu:d
junctions form whe'" adjacent S"' t"li cells meet. Tbe>cjunction. supposedly
constitute an essen tia l component of the bl<>C>d-teSlISbarrier, dividin g the
extracellular space inside the tubule imo a ba,.. l compartment and an adluminal
compartment. Tbe ba,.. l oompartment is situa ted bet" ... n the Senoli ...,11sand
.permat"gonia; the adlum inal compartment 15 located between lbe Serroli cells
and tlte spermalocyles and .permatid"

Spcrntalog"nial ",,11mit",i. takes place in the ba,..1 comparlment , alX! the
,pennat",,,nia, p",leptotene and Ieptmen e ,permatoc)'\e$ arc o\>s<:rvedthe"' . Al
the end of the Ieptmene pha!OC"r mei"'is, the primary sperntatOC)'1eSpa ..
beI ......,n lhe Serroli "" lis and enter the adlumina l compartmen t. Here tbe
zygolene primary 'permatocyles cominue to devek>p through the pachytene and
dip l<>tenephases "f meio'is alX! then divide \0 form secondaI)' ,permato<:yt..
fnll"v,ed by a second division y;elding round spermatlds . Ihus completmg
mei",i"

The $ertoli ceU. sec",te a fluid and ,ymhesize protei,... inhibin .• IX!mbcr
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prOOll<"tS.Recenl sludlOSIiso wan' lM'lhe Sertoh ""lis ""'y play I 10k onlilt
gcn<:ticindUOCiionof In,iculllT dill'«tnliatiorL Ahhoush II,. OCCUlT""'"Ind 1010
of andTOF".b,ndJol pro,tlO (A S P) has t..en rather ~'lmSl'"ly slUdlCd lJI
.bonllOl)' alllll'lll!s. lbo rolr of A SP in bumans .. IInclear

].I J E1r..- 0.:. I " Tcsdtwb ."--

1l>e'lhIid prodllO:d In WtrIUIIfnuus U1buks ma''a into I system of se-:es<:I1Ied

,.".., l<:Sl" .. 'hJl:bIIll rollllllll'llI"lib eedrnml d"" .. lbo .ncropenulllDto lhe
<:Ipu! epodid)lDidIS. l,iM poilU of t1llr)' into 1M epodidymis. list~ 1I11id
is desi 1CdIS ..... c", .. p11!_ R= ltSlJS Iluid.is dlo.namzcd b)' IIIUllIIII'
proc llid I 1OU.1pnx .... e.-mu"uoo mucb10...... Ihln lI!I.l of ll!c plumI .
Glu tl mic ICid.1"1Il~ ")'DDt.1)""110. upat1I< aocl llid _ O«1Ir IDluahtr
CODct1llta1JOrlSlJI"' ..... u.llaid lI!I.o IDIht blood p....... of DIS, buliland rams.
Andm p .ouid ,"I pt'O~n (A S P) Ippr:ars to play I rolo iD the trlllSpOrt ot
androz=o to lbo C'pIdid)m .. . Ind lJIlUbuI apparently conlribu ... to lhe
n glliation of oper1DlItogcneSlS by IIIppra1lJ1l FSH prodUOCiIOOfollo.lIll
absorption from lho epll1id)mis . TnlOO'<ro<l(. dt'h)'irO<'psIlidl"Ollm>ne,
dibydrolCSl""'<1'One Ind O<'Stro..... lie also found ,nthe me lesU.lIl1ld of mosl
Iabon llOl)' ' I"'C"'". ProlC1n ,yolhes is ""''''0ll>e scminunolll TUbules. le I""
uans pon mcc h.lo.. ms. and lhe~nct ofll>< blood -leSus barrin pllly ob,inll'
roles; n ma ;n la iOlng these pad",ol$.

Although ll>e...t~ lnli. fluid no rmall y w n!am. inhib;n. ABP. ,,,,nsfern n. l'"
llluLamyi ltlosf era S<'.myolltOlll1Ol.sterOIds, amino acid . a nd '"no us enzymes .
only ASP and inhi bin Ip pear to he I pcc ific produc ts a nd uSllful furocuona l
indicat oll for II><S<'mlnifero us epil he lium or ~t10~ ",,11•. How(~ r> t ilt r( !allve
concenlra tio ns of other const ,tuent. ma y indi cate a lter alions on rmmbra ....
barri ..... or IC t " l: tra nsport proccstn . T'ht coT>ctni ra lion of chemic_Is in II\( rete­
test is lIuid tria-Ii\'( 10 unbound plum_ conctoTrat; on may he used 10 ntimale tilt
permeabil ity of lhe blood -lest;, bilrric-rfor st tt ted cbcmicab (Okumura tl ill"
1975).

3. 1.4 EfMoIid,1IIis

Fro m the rele leSUC\llar KmtIl all ..... dl"=nl dllClS and ,ben Iht
epidid)'m-. H lilt spermIrt subJnctcd to a cbangml cbmllc",lelWutlMlml IS
l1sty ma ... tbrouJl:t llCl"""0ts of ,he orpJl _ eon..","-.lIyd"'dcd IIIICrO<

scopically izIto had (caput~ bod)' (COrptll).. _nd wi (aud_).. lhese Lbru:an­
n'gIOnS in pari mlca list """'Ioccal,,,rialKl'"of Iht orpn.

Tbc lint """ KCUOQS(p..... ' ... 1 pari) .,., ~r:I1I1 replded IOfCIhcr IS
""'-.bn IIlP lI!I.l poonoflhtep!llldymit lDooh'Oll..-rth o.pc-rmmalarlOOD., .. luk lhe
=",,1 (disI1!I) IleJmCIII.. reprdod IS tho 111.of....,--.o flOri • • Tbcrc Irt,
~~. ddfermca IDthe pclIIoIbOII.Pd ""lent of tlICllCJl'lCDlS'" "'nout fPIIQn
of lI>I-mmab..Tbc epidid)mdcs of nU IYI,""_ di<utcl .... mlCl'OlCOpll:SlnIC'IUrt
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"hl~ those of rams, bulls. dogo and hamsters bear a dO$Cr=mblanc. to cach
()tber.

In mosl species be\""'Cen 1.8 and S.4 days a", ""lUlred for spenn 10 tnO'"e
thr()ugh th. caput and C<lrpu' .pichdymidi, wben: maluration \.;Ike, p1aoc:.In
C<lntnm, tbe lransil tim< fOTspenn through lbe caada .pididymidi< in .. ~ually

rested malcsdilf .... veatlyamon i ,peei .. and ranges from 3.6 to 13.6 days "'itb
an a".rage transil time of about 6 days for a 21- JO.-year-oldman. Th. number "f
'perm in tbe capUI and corpus . pid idymid.. i. similar in .. ~ua11y rested malo:>
and in male< ej.aCulatmg dail) . ,,'rule tbe number of sperm in lbe cauda
.p"hdymidi. is lov,..... and tramit tim. increases in malt' ejaculatin& regularly . As
a re.nlt, animal> ""'ith a large r=,,'. of sperm ,n the cauda .pididymi dis can
suo::<S§fully impregnate mo", femalcs in a .h"rt inte""L

Important funct ;"n. of the .pididymis are resorptIon and metabolism of ret.
t.. tis ftuid c"mponena. epnbdial ""retion. sperm maturation and .I"'''S ' ()f
<perm . Thus, il is lik.ly lhat lbe C<lmposition "f tbe epidid)mal plasma play<an
important role in bolh $perm m'nura.lion and <perm <{ora&<and that .n·
"ronmental cbcmical> ma y produce adve ... effects. Y<t, f.... . .ample< "f
cbemical .ffccl> on epididymal function are kn()...n

Active tran'port proc.. ses arc sU88"' tcd by llIe fact tha t lbe amounl "f Auid
f\owin&through tile epididymis i. only a small fraction ()f tile ,"orum< produced
from a cannula ioscrted into tile rete lestis . Much ()f tbe Auid produced by tile
Ie!Itis is apparently absorbed in tile initial .. gment "f tbe epidid~ml$. Fluid
absorption increa ... the ",1I11i"econcentration " f sperm . TIleeffects on f....tdity
of a1tcnnll tlus aclive PI'QOC>Sha"e nOI~n well >tudicd.

The opldidymid .. produce gl}cerylpho$phorylcholine (OPe), the 'ynthe<is of
...h;';'h is and roBtO dependcnt ope c"nttntration incrca..,. prOgr«$ively in
epididymal pb-lma &$ il pa from tbe pro~imal '0 distal portion of III<
epidid}'mi>, and III< "&$ def en. of til< ram and bull, In COfItrast, llIe
cooc.ntraliotl> "f sodium and chloride decrea .. . OPe migh, pcrhaps be partly
r.. ponsible for lbe long $a"i",,1 period. "f sperm in ,be opididymis and f"r ,be
proc .. , of sperm maturation

Til< epid;dymid .. ofmo>tlaboratory and do ...... 'ic spec"'" also C<lntain lar~

co"""'trations of carn;ti",. In tile rat epididymis, an andTO~n-d<P<ndenl t1Ch'"e
lranspon process appears to concentrate earn;tine from III< blood . Carnll",.
C<lncentrati"n. C<lntribut<to til< to\.;l1"'motic p.... u'" Df til< ftuid a nd red,....
til< k><sof ion' in ,I-..pro 'imal reg",n "ftlledtlCt. Epidid}mal sperm aooC<lntain
high l",~l. of carn iti'" alon& WIth ,II< em:)me earn;';", acetyltransfcra.. , Tbe
ro~ of carnitl'" as a C<lfac'or in fatty acid "'ida'ion i. """elle5lab~.hcd .

Anotber andro~n-dependent COfl$lJlU... I of til<epO::lid)mid.. is sialic acid. an
amino supr .... hich occurs in part;euJarly high C<locemratiotll in tbe plasma of
eauda ep;d;dymidis of lbe ral. It i. possible Wt sialic acid forms part ef'l-..
g1ycoprot .. n in epididymal ftuid "hich acts a. a lubricant for tile d..... ly packed
sperm ;n til< cauda,

Motility is acqu ired by tlte .perm gradually during epididyma l paSIa&", From
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the epididymides, sp<Tmmo~ inlO the _as defeKIU ",he", glaDdut..r =retio""
are added to the s<mmal fluid

Extraneouschemicalssuch aschlorhydrin may affect the propert ies of the tWO
major compo l><lllS of epid idymAl $emen, ~,m aDdepididymAlplasma .

J. I .~ A~I)' O rga...

The seminal plasma functions a. a ""hicle for cOn\'C)'ing the eJaculaled sperm
from the male to the female repnxluc\lw traCI. The $eminal plasma i' produced
by the se>:relOlY o rgan. of lhe male repnxluc ti"" ')~tem whicb, apart from
epldid)'mides. include the prostat e, oemlnal "e. icle, aDd bulbourethral
(Cowper's) glaDds. aDdurethr.ll ( li llti' 's) glaDds. An abnorma l function of theoe
organs can he reflected in allered oeminal eharacleristics. Seminal plasma is
nonnally an isotonic. ncutral medium ",hich in many specoesconlain, $OurttSof
energy sucb as fructose aDd $Orbnol lhal are directly a,,,ila ble to sperm, The
function of theotherconSlituenlS ouch as cilric acid aDdinositol ill not known. In
general, the = relion, emana ting from the pro.tate aDd seminal '-nicle.
appa rel1tly contrib ute lillie to r~rli lity en n tbough the pregnancy rale for
"esiculeclomized males of certai n species (e,g. 00''') i' greatly reduced.

Becauoe all the acttSSQ')' o, gan, arc androgen dependenl . lhey $e"" as
ind icatorl of the Leydig ",,11fun<:tion.The ..~ghlS oflhe accesso')' $eXglond, arc
an md,,'eC1meam", of circulatina testosterone 1e,.. Is.The "cnU'llIprostale of rats
ha' been used a, a model 10<ludy the action' of testosterone aDd 10 in"C'ltill"te
lhe molecular baSISof andro ll"n-regulated Il"ne fUOCIion.The prostale is a
common focus of human di$ea5eS. Ilenign prostatic hypertrophy is rather
common among olde ' men and the occurrence of prostalic malignancies is not
r.Irc. Howe..-r. a lthough pro gr,.ssis being made. tbechem iesl composition ofthe
.. men offers lillie to differentiate bel..... n lhe benign condilion and the onset of
malignancy,

It appears lhal human semen emi";on initiall) in_olves the urethral and
eo "l"'r'o glands, ..ilb the proslatic ... ",Uon and 'perm folloWIng next and the
,en1l",,1vesiclesecretion deli'e rM lasL There is a consider able o, ..rlap bet ......n
the pre-sperm, , perm-ricb aoo post-sperm fractions. Thus.e, en if lhe ejaculate is
collected in as many as ,i~ fraClion._ the .plil ejaculate method (=tion 3.2.4.2)
oeldom makes il possible 10ob tain a sperm_freefractIon to nsistingcxc!u.i, ..ly of
proolat ic or vesicular secretion. Using acid phosphata se and citnc acid as
marken for pros talic sec"'tion and fruclose for the \'<Skular secrellon. it i,
estimaled that 15-30",'. of the ~ntire human ~Jaculat< is contributM by lhe
pl,,"Late and SO-8<t. by the seminal vesicles. Semen _aries bot h in "olume and
composit ion het..-een species. Human, bo' 'ine and canine species ha,'c a
relali ,-.I)' small semen "olume (l - lOmJ) : semen of sta llion' and boars i'
ejaculated in much larg'Crqua n1l1ies.
Gl}~r)'lpho.pho'l k:hoiine(GPO occurs in the oeminal pla,ma of a llanlma ls
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copulateS a nd i5 51ill I\<,ril<. tlrn on< 5hould look al tlr indleaton of mal<
fert Ility. lf l><does nol copula Ie. lhen II><empha>i5of furll><r m\'<$llgations muSI
he on n<uromuscular an d 'or heha"iou'al deficits.

In bumans. Joss of libido may occur as a l"<$U\1 of eilher psychologir;:al0'
SOmali.:facl0" _TI><lou may he compl<te in iodividuals ,,-jlh Jeriou< orpni.:
diseases or in adva nced a~, On II><OlheTIuu-.:l. dmunl'lbed ~bido may occur
sornetim<$ in ~Ia.ion to a particula, person. which 'Uggeslslhe ;nvolvement of
psycboloJicaI facto .. , In i....la~ ,u<:hl5 thelle. It ion<>tunusual for a palient to
experience noctuma l p.:nil< ertt. ion and emis,;on of llemen,

Exee.. i"e libido may occur in conjun<lion "ilh .. rious neurololPca l di.. ases
sud aHncep halil;, or brain lumour, a, ".. IIas "' ith psycboloJicaI a nd emolional
dislurbanccs. Bccatl'l<' appropnate clinical teSts g.... rally do n01 exi.t and
~liabl< animal modelsa~ nol ",,,;labl<. f<w'l udies ha l" all<mpted lo delermine
the polenti al rol< "f em1fonrnental and occupaltona l faclors on ... ual
beha';oor,

3.1.7 Er« f ian . nd I::jlI""Jat ion

Since few laborat"ry and c~nical sludies have ~n a ,...ilable. rclalively lillie is
k""" 'n concerning lhe c/r""n of chemicals on .. ""lton (yf ejaculation (Woods .
1979), lmpot<nce, lhe failurc 10 ob tain or .... ta;n an erection. is rarcly of
endocrine "rigin . Alta ining an e,""bon depends upon rather complex neurologi­
cal and cIrculatory path""ys, The occur~nce of noclurnal '" early-morning
"""lions impli<$that the neu,ological and ciTCulato'y palhways Invo!>'ed in
atla ininll an erection are intact and indicat<$ that morc cmpha$;' should he
placed on finding a psycbological ClIU... Impa irment of the para.ympathetic
n....... activity p", ...nts lhe de,.lop mcnl of tumco<:eoce"f the penile corpora
<:a'·ernl>U. The ejaculatory proc:e5i in",lVd the 5)lOpathetic ncTYOUS 5y5t""'.
Many drug> aff"'" the autonomic nervous system.

In mammah. ejaculati"n is \l$ually initialed by Strong contractio"", probab ly
emanatin g in the cffe~m ducts "f lhe leSt;', and qUlekl}' ,p~ading along the
enti", I<nglh of lhe tract. First lhe prO$tate, oexltho amp ullae and finally lho
""" inal "" lea conlract in an orderly fashia n, Ibu, determi ning the chemica l
lICquence of l!>c ..arioU$ 5<'minal f.-actio... rq>n:s<nled in a 5plit..,jaculate,
Chemical analysis of lhe differem oeminal fracliol\$ enablc$ "ne I" decide
,.-helher the ejaculat"ry pattern is n"rmal, s~gblly altered or .. riou,ly dioturbed .
In an exlreme <:as<:of ejaculatory 5terility, 5<'men if ejaculaled im" lhe bladder,
a.-.:l Ihis 51ale "f m",grade ejaculation i, d iagnosed by analysis of urine.

3.1.8 I'al~mally Related Birth Ot-f"""
R'1" Qduetive p<oblerm a nd inc~aocd incidet1oCC!lofbinh def""" in thei,childn:n
have ~n reponed by Vielnam ,,,terans ",po$CII l<> the dcf"hant 'Agen l
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Ora nge', As a resuh, iocreasing aUention is being focuS<:<.!upon paternal
clo:m,,;:aleX!X'6ureand perinata l oulcome, This ratlo:r conlro, 'mial area has
been revi... ...J reoo:ntlyby Soyka and Joffe (198(1)and Strobino and co·wor k....
(191&). Although llo:re ha"e been fewsysl.malic 'ludies ofllo: effect, ofpalernal
drug upos ure on offspnngln humans. an association "'ilh binh defecu has bttn
reponed for lead, narcotics .calfein•.• lhanol. anliconvulsanls. anaesllo:tic gases
and ,mo king, In mice, progeny number and 110:",urvival nUe>were Io"'.r in
liu . " ,ired hy .lhanol -treated males lhan by control males. The role of male
faCiO" wilh reprd 10 binh defects mu,1 be carefully studied using 'tandard
technIques for e,.. lllalion of morphological as ""ell a, postnatal functional
chanp . Relrospe<:li'~ anal~ of data on men occup",ionally cx))O$«lmusl be
done carefully 10idenlify and conlrolsuch confounding variables ;Ulhe po'ential
!Oxicily to molhe,.. ",prodt>eli"e funclion and olf,prinll of a chemical broujlhl
hom. on lhe husband's sannenlS.

3.2 GENERA L EVAL UATI ON OF rcxcrtox A...-O MO RPHOLOG Y

3.2.1 E""""r i"" logical E... luat iotl

The endocrine fUllClionof the t"li, is rellecled in ""rum levelsof gonadotropllU
and androgens. TI><melhods used 10 <kt.rmmc ""rum hormone bds are
suffici.nIIy .. nsili,~ 10d.tecl changes 0[20 '\ In m.a n concenl ralions o f FSH and
LH. Th< valu.. for leSlOS,crOneare more ' ·anable. c''tn in lhe normal male.
Hormone levelsmay be mea.ured in single blood samples.but herou"" of diurnal
rhYlhm,. the lime of day should be standardi7.ed, FSH. LH. and testoslerone can
be an.lysed with radioimmunoassa)' (RIA) lechniques ,"d compared ,,'ilh
normal ranges from lhe sam. lahoralory. Any significanl diff.rttn between
hormone b '.1$ of contr ol and ex))O$«l an1OlI l< can be a«epte<l ;t$ strong
evidttn for.n ad, 'erst effe<:ton KProdUCllon. If such an effecl i' detected in
.nimal >ludies, a similar effe<:lmay be expected in man,

With chemical. aCling directly on tbe le5lis. LH .nd. particularly. F'SHle'tls
in .. rum would inere.... Wilh . mild 10xicaclion on lhe teslis. blood FSH le,~ls

after LHRH administralion mighl e:<ceednormal responses. even when basal
FSH levels are normal If lhe IOxic aclion is directed primarily al II><pilultary
gland or ..,nlral ... rvous system. LH .nd FSH le>'tls ....ouklll:nd 10 decrease.
FSH me.s~",menlS . '" u...f~1 adjunct. 10 sperm counts and m.y IndICate a
direct "",lion of 10xicageots 00 pilUltary funcl",O. How.~r, despnc liS ",ide
"ariab i~ty in man. ,perm concentl"4tion appears to be a mo", ""noilive mea.ure
of l.. tkular d.mage lhan a", clevated FSH le>~ls.

Le,~1s of FSH in blood ""rum pro"i<!e a .imp le index of .permalogen",
acl;"il}" becaU>edeslruclion of the seminiferous epilhelium or d)~fullCtion of
Serto~ ..,11sISC<)mmooly.ssocialed ....ilh .Ie,..,ed FSH level<.An ele, .. ted FS H
1..... 1 is a lmosl in, .. riably as>oci. ted "'l1h "''tre oligoloospermUl oc
. zoospermia .
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thus far in,,'stigat e<!.Although sperm do not ut~iz. GPC. an . IUymo ,n the
"""",,tiollSof tlK f.malo genital tract breaks GPC down Into pbospho&lycerol
,,'hich is metabolized via the glycolyti< pathway. Thll!l.G PC may be an """rIY
sourc . for sperm in the femalo tracl.

lbo "as d.ferens (d""tus d.f.rens) tra nsports sperm from tho distal portion of
the epididymis to the urethra In some species. including man. tilt final "'gment
of the vas d.f.rens be<;o""" thick.. bc:ca\l$l;of'he pr<stnct of &lands in the ......11
that form tilt ampulla . Both ,he:' ...sdoff""" and the "'minal '-esi<:lesa ppa rently
"",,re'e prosta gla ndins in mitt . rats a nd rams.

The:",men of some anImals. including rodents a nd man. t. nds to COlli\lllate O<l

ejaculation . The clotting mech3nlSm In,..,I... elU)'mes a nd substrat'" from
differ.nt accessory or pn s. In rod.nu., semen coagulatIon a nd copulatory plug
fo rmation are brought abo ut b) a n enzyme- ,ubstrate Inte"",tlOn between
"",,...tions produced in the coallulaun ll glands and the:"""inal ... siclos, Thus.
d oni ng p.... umably accomplishes a sealing mechanism lU t~ a nimals,

3.1.5.1 ProstUU

Although all male mammals ha, .. a prostate. the organ dilf.", anatomically.
phy>iologically and chemica lly betw""n Spocies,arid dilfertnct< bet" ... n lobes in
the same species maybe prono unced, The dorsolat .ra l prostate in the rat dilf.",
from the '.ntral 10be1b<:eause It prod""'" fru<:toSC,n add,tlon to CltrK:acId.
Also. zine is conctn tnue<! p...f. ...ntially in the:Iat.rallobe1 of tho:dorsolateral
prosta te a nd appears to be under hormo ne contro l. Tbe rat prostate is notable
for its comple~ stNe tu," arid it' promp t response to casUation and andro gen
stimulation . The: human prostate is a tubuloal,~lar gland made up of t"o
prominent laterallobe1 ,,'hi<h contribute about ]()". of the ejaculate Ouid,Dol'
ejaculat e semen ,,'ltich is largely oomposod of proItati< "",,retion bc<:ausethey
have no ",mlnal .... id es.

Prostate secretion ;n man and many Iabo "' tory spocies co ntain acid phos·
phata se. zinc and cltri< acid. The prostat ic secretion is lhe: main soun:>eof acid
phosphatase in human semen: i" conctntration pro"ides a convenient method
for the:......... ment of the func'ional <tate of the prOState. The hman proslate
also produces spermine . Certain protein, and enzymes (acid phosphat ase. 'I"

J!lutam yl tra nspeptidase. and glutami<-oxaloace ti< transaminase). cholesterol,
ioositol. zinc and magnesium haw also btto proposed as ,nd,catOrs of h~man

prostatic secretory func'ion .
U, inll .leelrophoretie patterns. normal human prostatic ft ~id obtained by

r."tal ma ssa lit' has been found to e<>nl.OlOa bout 2". prot.,n. There are at least.
four major protein components, In the vontral prOStat. of the rat, nearl)"5(1". of
the tOLaIc)'IOIOlicprnt.i n has non-specifica ndrogen-b,ndinll pro pertiosand bas
been used as an indicator of a ndrollfn aetivity,

TeslOSternoeand d ihydrolestos terone eocit t"'·o types of cellular responses in
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rllt a=w> ry li$<un , namely cellular prQlifcraUOllalll1 SCC~tory aeti' ·ily. TlI:
accumulalion ofline " 'ith,n I"" prostalO;cp'l""lial cellsa nd lhe synthesis of line­
binding protein are relUlatcd by dihydrOleslosterone ,,·lrich. in rum.is conlrolled
a ppa ron, ly by tine k>"cls.

3.l.S .2 S<>minalV",sid",

As wilh lhe prostate. lilt structure of the seminal vesicle is diverse across anima l
.ped .. . n.. serronal ,... ide is mo'" fittingly described as a seminal or "esicular
gland. since i, COnSlSlS of compact glandular liosue a m nged In lhe form of
multiple lobes whi<hsurrou nd S«:re!ory dUC15, The >eminal ,... icles are ab>ent in
the dog and cat. The seminal ,... i.:1ehasbeen used to study .p ithelial and stroma l
,nteraclions .

Tho seminal _i.:le isa useful indica lor of uy dig «11 funclion. The vesi.:ular
glands can be weighed as an indirect m.... ure of circulaling testosterone le,..h .
Howe ver. in add itio n to lbe major role played by 1eStoslOrone;n the control of
seminal vesicle =rel ioo. other faclors such as ag<. blood supply. ejaculation
frequ .neyand storage capacily must a lso be considered.

In man, the seminal , ... .,le co nlribults about 60'/, of the seminal /luI(!. The
seminal vesicles also produce more lhan half the seminal plasma in laboratory
and domes'ic an im.ls such as ,he rat. lU;nea pig and bull, Tbe seminal ves;cle
="'tion is usually Il1O'" alkaline. has a higher dry weigh,. and contalns more
potassium. bicarbona". acid-soluhle phosphalO and protein than does p=,a,ic
fluid. Ano,lIt r feature of tht seminal """,,le _"'lIOn i. lha l il has a high COntent
of roducing . ubs'ance<. includ ing .ugars aDd ascorbic acid ,

In man , hull, ram aDd boar (bu, not ral). lhe bulk of .. minol ff\lc!OSt i•
...,,,,,od by tbl: .. minal vesicles aDd consequrnlly. in 'bese species. the chem>cal
assay of fruc!O.. in .. men isa useful ,ndicator of tht relati>,<:co nlnbntlOn of the
seminal , ... icb to wbolesemrn. Semina l ,... ,cle ...,ret,on isalso characterized by
tbe pre>ence of pro'. ;n. a Dd .nzymes. phosphol)'lcho line and prostaglan dins
B« ause vas«:tomy does not interfere with oec"' tion from ,he ampu llae. seminal
vesicles or the .jaculatOI) ' ducts, rrucrose is found in the seminal plasma of
va>o<:tomiud metl, H"", "" or. their ejaculale. in addition to being sperm .f"", .
also con'a ins Ie<s'han normal amounts of ca rn;l,ne and gly« rylpbosophoryl­
choline which comes mainly from lhe epididymis.

3.1.6 St~\tII 1 Btba .i(>ur ... 01Ubido

On. of ,he firs' q uostions '0 a"' ....r in any r.pr oduct ion stooy is wh<lher ,he
animals actUllllymal•. In ralS. 'his can be ,,"lOrmined by inspoctinll f.males each
day for , .. ginal plugs. The number of moun,ings, lh"",ts and ejacUlal;"ns can
each be qUlln,ified as indica,o ... of reproduc,,>,<:behavio ur . II is also imponam to

dOl' !111inewhether lhe male animal mounts r.ma ies or ot her males , Ir ,he male



LH and testos lero ne level. provide an index of Leydig cell functioo. and
testicular dama ge associaled wilh Leyd ig ""n dysfunclion is rellected in low
«rum lesIO' loro"" a nd ele"aled «rum LH levels. The combination of normal
teslosltfone and elevated LH le""ls may indicate a Leydig cell dysfuIIClion
compen",''''' for by an iDCteaJCdproductio n of LH. A more act ur-Ue and
«ns,live .0. '"'''''' of the secretory capacity of Leydig cells can be obtained by
mea,unna rum leslostero"" following hCG administration u.vi.., (sec Kerr
and de Krctser. 1983. lhi. volume ). As the Slru<lure of hCG do.tly resembles
lhal of LH. hCG has been used in many siudic. instead of lH because il i. more
readdy a Yailable. The ability of Leydig cells to secrete leslosterOne is judged by
lhe 'IICremenla1increase in lestosterone produclion in hCG·.hmulat<d animals
a. compared "i lh conlrol animals . Si~ testicular damage in ,j,'(} may he
associat"" ,,';th altered blood 1\0,,' 10 lhe lesli,. in "it", hCG stimulation of
leslicular suspension, io al<o....,.,....ry for lhe a.... smenl of the sttfoidogcnic
propert,.. of !..e)'digcells (sec Kerr and de Kreiser. 1983. Ihis V{llulJll<).

Ikcausc a ndrogen produclion " conlrolled b)' the action of LH on lhe Leydig
cells. a dCCfCascdnumher of LH receplors associated wilh Leydigcclls is anolher
important measure of leSli<Ulardama ge. Thi. can be asSCS$Cdby meawring lhe
bmding of I" 1-hCG 10leslicular lissue in ,i"o (Kerr and de Kn:tser. 1983.Ihi.
volume) .

:U .2 lIisfologica l Exa mination

Histalop: al anal)'SC'lan: performed either on whole tesl.. (animal modck) or on
biopsy .peeim"", (e.g. man). Lighl and eleclro n microscopy of damaged lCStes
haye demonstra ted lhal slruclur al alleral ions in Scrtoli cells occur oflen in
associalion wilh dinurbanccs ,n the spermalogenic process. Quanillal,,'e
assessment of lhe numhe" of germ celk provid .. an obje<:tive tnt ... ure of lhe
elfec" of chemical agents upon spermalogenesis . Teslicular lissue must he fix""
immediately in Bouin', fluid (l 0" ~ formalin is nol "'tiw""tory). Slides,hould be
'lain"" ,,'ith hacmaIOX)'lin and eosin for simple anal)'ses and " i lb PAS·
haemalo xyhn if more precise staging of .perma t,do i. reqUited. Hisla logjcal
",,,Inalion and enumoralion of the number of leplolene sperma t0C)1" per
Sertoli cell assist diagnosi.

[n laboralory siudic<. lhe number of spermalids <an be ea,ily quanlified "ith
simple equ,pme nl and "ithoul exlcns>ve IramlDg at te:ehnicians.
Homogenizal;on-~istanl .permalid nuclei are counl"" in leslicular ho!l"OC>'
genat.. and pro,ide a s;mple. a.ccuralC and sensili,.. melhod for mea.u';n.g
sperm productio n. The nuclei of ~Ionpted spermalids an: ""IStanl 10mechani·
cal and chemical di.ruplion and are easily idenlified aft~r ph,.ical disrup lion of
lesticular li,. ue. Resista nt nucle' are counled ;n a c,1ome tcr. The interva l from
lhe lime "'hen sperma tido acqu ire Ihis resistance unlil spermialion ;. conStanl for
differenl opec;" Or slrains. Thus. the number of resistant spermatids is a direct
meaSure at lhe produclion of sperma tozoa by lhe teslis and .permal;d
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dilfr~nlia ,ion, A ~~ntau~ $llmple takm a, DCCropsy. ,hr enl1~ IeSIeS «(or
ralS a oo rabbilS). or bIOpSymlle rial (20mlor more) ClIO"" bomoF"~ed or
disrupted ultnuonicaUy Counl:J are Ihro made and.e.xp~ on bolb a ptr
'e.tIS basISand a ptr nulhvam _ basis. Values (rom lreated aOllDl!J.bould
.,.. <:ompared "'III <:oncIInall control couol:J.

.....lIro e... mll'lDl IllesemlDlero..., tu.....les. <!IrfolJo,.'''-Iclla.-:temloacan be
lIoOted:omureno:o:0I1)'llIpboId (flU or lDIClfl9ha8" mfi....."""'.~ ct Fmt
(fI1k or .,.,,11 $!all' ID _,ltUerOU$ lu 1es(.pcrmatop> $pC1Itla1OC)le$.
$pC1Itla1ids.opena ) ; aad jIiCk'lCX ct mmtl>en or dc ,aWtJ. 1ll\I1ttnuc-
Ic:lle. or 011"",,, .... bDOntllI F"" (fI1k. Wile" n-u.ailDlleSUl:Ullr IItlt01os).
KCtJClOI rep f'e$C:QWtI al .... 1 two Joei should be m~. TbC'dll/lltU'f 01
w.....b are ............-!.1DlI11Ie pereen!ll . orKminifer'OtlllU .....le e'04. ""'UOfti
lui''''! _lure :perma"d.luunl the rubolcI:m>r"and. tllr pngeOlall' ctltt ........
oo"Oidor F"" cell: other I.... :pm4llI to ..... .", qWIDlI6edandeomparec! "'ltb
DOntlII1eS1eL Moa:uremen l:Jct diamelen d>ould be I&ten on_"\IllIyround.
'u .....1e~n: CU' po,pond.ot:tt.Iarly11) thctr Ionlam
~ end prOOlll;\S0( :permatotenes" a~ !he "mature' :perma,ocll aboul '0

!Iecomt:detac!l<d from lilt Senoh 0011.Tubub ,,;,11IpC rmll ud: ahped a, tllr
lumen can bt .,., ,1)~ and are .pec ... :peaD.;. Tbc: number or
p~kptotme and ell rly Iql,o,me . pomwlI,oC)'1e1(SIaF VIlI) poTSerIOh(fill ca0 be
quanllfit:dbea....,..of a cllarattem toe n"" lear mofPbololY, An abnormal numbt r
of $PCllIU&loC)'1eIpcr Senob «1 11$a :en$;'"'' measure of ' '''' lCu'' r <lamaF

Depondio i o n ,be blolopea l and biocllrmlCl.l prOCC$SC$l\'lIich suppcn ,hem.
'hr ''''''0\1$$pcrma,o~nic "' lIl a~ dlffe~nI" l1y $usceptible '0chrm icall which
Cxt n specific effeelS,Q nalD lpenn alogeoiccell Iypes uoiquely I)'n'he:.;@ DNA,
$Orne ", 11$divide whIle OlhrlS do no,. bo' b mitotic and meio'ic p rote1 ln af'(:
involved. and certain eel!J dl ffc~n ,;ate "'i'hout further cell d" 'II;on.

Th\l$.ehrmica11wi' hselecll~ meeII;,oj"", $ofatlion can prod\iCXdellCnerauc n
of tbe se-mind"eroll$ep\tlw:liumand uoospermia ,,;,hoUl 0Il"ee1."' 8 ,/em l porma­
'o llOnia. If Item cell' ~mlln. even,ual reco~ry of the semlnlfer""" e-)lllllrbum
may occur. Rtc(>~ry of ,he $Cl'Illnd"erou'tJ'I'lIe lium and feruhly F"Crally
tnlmrtl frum 6 '0 12 c~1ts (155 da Y' for rail and 1211 da)'l for rabb,tI).

A numbt r of receo, advallCCl witb rap<et 10 ....... ~rva.1I0n Ind. 1m ...
prepanllion "" ve COOlnbutedIipti6canll) 10 lbe Insiopalllolop:al ,.....lllall"" or
!he tmil (KelTand de " reuer . 19111).I" the paiL (onnallO WlOOQand peranin
embeddin.1I.'ft'( lilt tDOIIt .. lddy UJCdlIIC1hods.Ho"'......r. bea._ no W'I'''
"'-iIIadequa,el ) pmelnle """" ,bin a f", milli"""rtl of SOloclllDut ,na ;;.l-bou r
period. opumaJ ~.....ooo can be achlt'w ouJy by delivenn& the mIl''''
directI ) into tbe .-ucula' IYJIftD. Tbc:porf-. mn hod.onpIIlI) propos<d by
Cltriotrose:n (19M) and. fllnhn- modUiedby ,",ta le ~"". {I971}. • the mo:,
promioin._leChmq ... A caonull _y be "urorl\lC1:dinto the Io..er lho:aac
aortl and ,lie IaUI pnfuaoed tbroulb ,be teluculu an"')". or a wry lint oeedle
cao bt """rtal chnaIy ,nl(l!he lnllCllbr 1r1.<f)'. Glutara1deh)de _ an e.xcellent
wuw (0' tho:c protft!u,,", (R_U and Burpl et. 1911),
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An Impr"wement in tissue preparatio n will allow higher re>.<>lulion wllh hght
mICroscopy. Thi' ha' been a,hlevro by embedding perfu, ion-preservro lissue
samples in pla'lic . Generallj , the plastic-<:mbcddro ""mples become hardened
upon polymerizalio n and allow lhe ,ul1ing of ' ''''; ' Ihin seelions 'imila r 10those
used for ele<:tronmicro<copy. 'Semi-lhin' sections of 0 .5- 1I'm can be 'la ined
""ith toluidine blue and tben emlu ate<! using lighl mlCro<copy Wilh high
rc", lu[ion even at 1000)( mallniJication.

3.Z,3 Sertoli ul l FunetlOll

Anal"is of Sertoli ""II funClton previously reli<:<lupon morpho logical an.lys e,
usinll hllhl and eleclron m"'ros<op ", lechniques. Recent adv. nces in lbe
undema nding of Sertoli ",,11fu"" tion ha,'. allowro [he de,'elopmenl of simple
tests to measure Se[toli cell ....,""'o ry properties. Calculal ion. of lhe [otal
.moUnt of andro~n-bindinll prole in (ABP) peT teslls ha,.., demon' lratro
diminished sec""'o ry capac ily of Sertoli cell' in all cond\tlon, of spermalogenic
damage (Kerran d de KreISer, 1983.thi' volume). =reases inA BPpr nduced by
damaged leOles ha, 'e been found 10 be proport iona l to tbe ""..,rily of
,per malogen'" di,ru pl;on (R",h and de KreISer. 1977).

An estimate offl uid produclion by Serto licell' can be obtamed by ligaling lhe
~lferenl duets and lhen comparing lbe w~ight of the ligaled testi' with lhal oflhe
non-ligated lesli~. As w\lh the a"ocla tion bel "'... n ASP see","on and sperma to­
genic di~rup1l0n. the to tal volume of fluid seemed by damaged testis i'
diminished in propo rlion 10 tbe .. ,..,rily of ,pe rmalogenic damage (Kerr and d~

Kren er . 1983. this volume).
A dinurbatllX of Serloli c~ n funetion can aloo be expecled to aller [he

prodUClionof mh,b,n, Thi' alterolio n. in turn. will he refleclro in devation< of
FSH secretion from lhe pituilary ,,'hi<;hcan be measured easily u, inll radio im­
munoa .... y of serum FSH (sectIOn 3.2.1). A quanl ilal ive bioassay of inhibin
usmg cullures of amerior piluitary cell, can provide . mort dirt<:t and pre<:is-e
measurtmen t of inhibin produclion .

3.2.4 T... tl<ular s.....n Analj'Si<

E",mina tlon of teslicular ",me n in anima l' pro,id ... an addilional means of
.... " inil changes in testi<;ular function . Testicular semen represents a dilulC
<uspension of teshcular sperm in t"' licular plasma . In laboralo ry anImals i( "
ob tainro by colleetinll 'perm followinll i"" ision of lhe l"'li,ula r pa ,. ""hy ma . In
lhe bull and ram , testicular .. men Can be obtal nro from tbe rtl e testISor ~fferen[

dUClSby cannu lalion . Ihu, .lIo"'; ng dir""l sampling for ""ule " udies. Of

conlinuing sampl<, dUring chronic tests. Quant lta"' .. ana l,,"s of lest,cular
5eTltenperformed over a period of lime permits one to aS5e<Ssperm prodUClion
and rtla te it 10 IhI: sperm 1>Ulpulin ejaculaled semen, This melhod;s obviousl)'
not applica ble 10 man. To aSseS, leSlicular func[ion ~Ilher in the labora tory o r
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chmc. a IonlltJ,odi",,1Iludy ISpf'Cf('1"l'{!d.W" II 'ho Cl"10Irnl111of lhe sem,nlferous
eJ'lthe~um al the d,',sor. daily lpeT1llproduction per leStIscan be estimated

3.1.5 Ep;dilll _ 1 r. .....
£ podid)ma l fullCUOll1Iu beC"lImOil commonly llUdlOd IISIn, rodents .,.;1

rabbits. We1J.bI. nd pOM .ppeara~.f'C easily _tored . T '" dlSlll po~
(ha lf COr'(Jl<Splut ""'\Idaof the ..pchd) ...... pro'><ks. n:ady l<lurOl 0( malllf'C
Iptrnl for c.-.lual>OQ. Sperm (:1ft .... upresscd frum t ....~ tnd 0( I....
tpidjdymis. In ....... allna" tilt tpdjcIymis can .... aonnulalCd .hJch rmkn.t
paoso;ibkto abo'D .. ,*,llIl-maJ _ Amp!ts DOt only from 1M .. ·bok .... n but
from its d1lr=n1 ...FDtDU U _D .

Both I'"tIlImbtr 0( tpldodl .... 11IJItf'" lUlIdthnt motJlily lUlId_rpbo\of;y ....
Idd"ul u>dJ<:aton 0(. possobk toll' I1lButDct. Tht ptroetItaF otp~,vdy

moulc spnm in otardardlled cono ,rll"oons can be:dtltrmmcrl USIa,. phast_
con"">\ aua.-vpt •• ,.;1 ,Ilt ...adtnct of .booiawl o.pcmI rccord<d Some:
I1l\ltSllpton prtflO.... dllr~nually lU'r>rd tpidid)"IIUI1 spttm for d..u,,1td
I1lI)rphololi<:alt\'IJuallon Sptrnl.n tilt dislal ha lf of t ilt ..podod)mtS can be
quanti fied bycou nuIII spttm head. f"Uo.. ; n,lISSUt born"",n ... t",n .T he .. to'.t
..·hJcll . perm _'U'" mouhty and (trti~zinl .bi~ty in lhe ..podod)'fN1 can be
monitored .• , .... 11II the Itvtl. of chemlClI consl.,tucnl$ •...eh as p)'CCT)'lphoo·
pbo r}'lthob ne.nd car n,Une ,n tpid idymal pla,ma.

For human l ub}CQI.n .ssess ....." t of ..pidid ymal functio n m. y be obuuntd
from mea",,,, menU of C'rn tl'nc ,n the ..jacu late a Ddthe ,ncidmct of C'}'loplasmoc
dro pk t rete ntion on lpe rma lozoa . 'Ilt lan..r ind ica t;n,. dl " url)".nce or lperm
ma,urat ion dur in, epid idyma l ,ra nlil .

3.2.6 FullClion of A""-rr 0 "1....

The rabbit ISa po.rt "", larly _fIll l n'mal for Is>essinil lhe etreeu of dlemll:alo on
tbt (UllC1Kmof~ "rpns I""" ejacu lates can beco llected 11freq urn l lunt
inltrvals u.. '" In art,fiaal ''1&1''''.In OIher Iabo"'tory .ni .....b. l...eh lllI>O\I~.

ral. ham.ter .nd 1", .... J'I'.the d'ted dlSM<'lion .rid mm,natlOll of mile
aa:cssory p.idurid alllll)'lli 0( ,,,",, sec...t;"", provide 1M btli ..,..Yof assns,n,
dfeeu of drm ... h Bec:a_ rnaIe. , 'ory OIpns .n: lUil:tIy lUlIdJ'OFllo<\epm­
d"", . • redllC1lODin el1htr .ridroF n co......,1tIlIOn Or _ ..,.pons" ....... to
aridr<>Fnic >lJ.DIUIiCID Mdtteacd by .II1II)..... , tb: . ........ . rid lhelr 5eCR1OfY--In man. lilt ....., .... 1 , Ie~n is CbarlClrr....:l by f1'1lClO«. pro-
IlaPndinl.rid ctr1IJn enQ ptO$UIllCBuid is dtaracltnlUl It) lhe pns.erltt

of aln<' acid, Kid p"""'ballie, ZUlC."'lfIO'Slum ar>cllOlllCochtr tnZl Ind
prootmI.- Tht dntnm na_ otlheae cbtmo<alcoasu .....n~ in tbe 1pla .....
malres ,I poribk to dttea.rid follow up ad>'tnt efl"eeupr-od""'ld hy t .
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n:sp«llvd y. There i. l>O ~" ide""e that blood ana lysis could prov.:l~ u"'ful
ioformal ion.

In rarm ~n;mali. tb~ mtthod s of aisesslngad,~ ~tTec'-' on oecretory furo::lion
of m~k a(:e$$Oryorgaru; are . imilar to thO$<;uS<:<!,n man . A n addit ional
advantage ...;tb some of t!>emsuch as the boar and sta llion. is thaI split ~~ulales
ca n t.: obtalntd mo....eas~y. and sem~o ;. availab le in larger quant ities than ...';tb
common Iaborate>fy ,pecies .

3.2.7 S_o Analyib

When ~valuating ....produche fu""tion in mao. "'mtn an. lysi. sho uld t.: the
,nlllal test. Sen en i. a comple x nuxture of prod uct<of the leSt... epididymides,
vasa deferentia a nd ampullae, prosta te gland. vesicular glands, bulbourethral
gland s and umltral glands .

The fU""\JOnof the leSt,. can he ~xam,ntd by ana lysmg semen with respect 10
sperm number, mot~ily and morphology. A. pointtd out in st:C1;on ],2 .1. blood
is a nalysed with r.s pect to PSH . LH and lestoot.ro n• . Alteration. imply
disturbed function. In tbe clinic, such findings usua lly indicalOtbat the patient
should undergo fuft be' chnICal~xaminations. and thatlhe polOntial u", fulness
of a testil:ula' biopsy should be coru;idered (Bolsey et aI.• 1980 : E~a.... n, (981),

In man, farm animals, and certain ochers mamma ls induding some labo ratory
animal. ( rabbit ,n pa rtil:ular). .x aminatio n of sperm and seminal pia..... in tlte
eJaculale provid", the ., mplest, ... rest a nd most ....~.bk method of detecti ng and
qua ntifying adv . ... . ffects of ao extraoeou s chemi<:alagent on the fina l product
oO",t" ula r a nd accnso ry organ fu""ti on. A sp« ial advanta ge of "' men an al>,i s
is thaI It Can be obla intd repeatedly in lilt same individual. Frt<luency of
ejaculalion muSt be consid.red . and the semen handled carefully prior to

examination. In SOmeinstances , a split .jaculate. ,,'hich ,..:Is in id.ntifying tlte
rou te of entry of extraneous chemicals and in ....... ;n. affected organs, can be
collected and analysed .Todeli ... the ~ntry rou te and largn organ more pre:<:isely,
separat. ~xamination of the \eSti. and individual access<>ry0rt!allS is u.ually
necessary .

TI>c:lochnical a.peclli of oemeo .na lysis are deta iled laler in tm. st:C1ion.
How", .. r. it is necessary to emphasize the importa nce of sta ndardizing the period
of aMtirotnce. lhe m",hod of collect ion and tlte t>.... of analyses . Of furtl>c:r
importance is the availa bilityo f a .....ll-trained tocbn"iancapabk of pro,id,na an
aa:urat e analysisofsperm moti lity and morpholo gy. TIte buman dooors sbould
t.: informed lhat tlte "'men analys.s are requ<sted to study the poosible ~rrOClli of
eo";ronmental facto .. on ,Ite reprodll<:tiv. organs.nd lhattl>c: main emphasis
will be on orga n function and nol on feft,li ly or .. product i,.. polency. [0 mOSt
inslances, such a n object;'·~ approacb facilita les part" ipa,ion.

The prcdich' -e value of a singk semen analysIS with respect to male
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reproollCli,'. funcuon II "01'}' low R"""" lod ...,,. n analyses o~' • pen oo of
monthsart aenmllyrequrrec. If possible. 11s besl lOeeum lmlelI u mples
before ." palure 10 lbe CbelDlClJ..... I.Dd lhen conlin ... 10 ob!a,o lbem fo,.
period of em..U\cr lbe ""pot ure cases. S... b a dcs&gn.Ilows lbe rd.UOllSlup
m " «11 cbelDlClI • ."osure aDd leSucula r funclioo 10 be """" IICCUI'ately
prahcll:<l Ilk a Uy.'1Ica$IIWO~m.... ampl t .. bould be aflal ysod .,Ibln I 2-'f1'td;:
period before .xpo5<In: IDd al Ica$I three scmctI samplesshou ld be ana/y$al II
monlltly inter>lIb rono..ltIJ cbt o,posure .

Tbc SlIDdard IILI!)'ICS.... Iudt ........ , ...Iumc. ,....... 1)' aDdIiqucfaeuon. aDd
IlUmbcr. moo~IY aDd moopbolocy of lhe opcrm. Human setIIt1I d _Dr
colkctod by masturt-bOO 0/1'ttl. condom follo ......g se""" I ,nlCrcoot:rlll:. \II'lib f",
~. cbt booc:hcmocalcompolllioo of semen docs not rdlolct lC$llCIllar
rutlCUOn bul ralher lbe fullCtlOlllbry .Dd ...bm ... coocribul_ of lbe cpt­

did)nudc::s aDd h cry"" ........ Thecompl)SJUOtloffO'rll.....1plasmlod abo
'lIllutneed by lbe Ullmllllll'a Ptt" """ s qaculation aDdby the ""1ttI1 of """",,I
ocil<1l>Ctllpnor 10 qaculallOL

Am mal"llC""lClfrom .. h>':bsmltnC:ln be coIIccIcd anifically .... _I .......ul
for IOm ly scudlQ. An arttficlal Vl.1tflI ......be utitd " ' Ib Ibe nobbll . cat. buU. llIm.
boar aDd stallion. E1ccIrot)acu lallon d uocd ..,thcbt mon k¢)'. cal. 00,. rll.
""""",,. Dd IU"'" Pll . II d Ilso SOtnCum.s ufCd for bulls IDd llIms.

Slud ... ..'tb rabblu aDd bulls ........ 1. largt: oodIi cicnl of 'llria tion for 10111

sperm number per c;aeula te . nd point oUl lhe inad tq lllC)' of small upc rllnt nll l
iCOUPS,T be codfic;e nt or '''na l;o n for 10 111spt nn number I'" .jaculalt for bu lls
is abo ul 35"/~, Th us. 10 dt lecl a 1 l1.~ diff.rence in 10111 sperm I'" eJaeulate . SO
ejlOCulatesr",m eacb of SO bill.. per lrtllmtnl would be necCSSlry. Si1lC\'lhe
corflk ienl of "~n"lion fo, tOlll tptrm ptr eJaculal . for man is even 11.....1•• lban
for tbe rabbit or bull . •ven mo ... ejaculates and individua ls would be required .

Semen collecti on, in .a bb,u may be . ... mincd as follows;

(I) d.terminalio n or spermalozoa numbe r by haemaloc yto,""te r COUnts a nd
ml umt meas uremen l"

(2) obsc r>lItion U spcnn mo rphololY after stain Ing " 'lth aOlbM blllC-u)'Stal
~iokt :

(3) esti""'lioo U opc1"mmou~ly Uf<Ol f...,.hI)' <:011«1«1...... n diluted "llh
physoolopcal S;l.b"". aDd

(4) 1CS1lnJlbe fe<1Jbl)"of cbt ~ollectt<:l"",," by d.p osnion inoo Iht '''pfla of
fcmaJcs siruuluMously Il1p:1<d ..i!h aD ovulatin& do5c of Iu!mllmll..~~

121-1 s".... C......... ' 'fI'tlllor. \l orpltoq,. """ "",olilily

The term sperm ~ODO<IIlIat>oll • pn:fcrabloc10 those of sptnll couDI or opc1"l'Il
dc:osll) . Sperm..-enllallOll 5bou1d he 4ctcrtniDcd aa:tIBlCIy so that lbe tocal
!lUmber of sperm pcr t}IeIlla te ...... becalcu lated . Sperm cotlIOttIlIallOIl5bou1dbe
cine' dIitIOdUSl~ a cahhnlod sp«tn>p/>c:olomctcr Of ekctronJc OIUcounter (if
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ODtItlnnnaun, celli or debris an: not • problml ) bcaUK of <btu aQ;1,llX) .nd
pnaootMI . If Ulraneous """ena! .. ptQtD' IDlb< oemc:II. 1.... -a>llSUmID .... ",.1
OOU"" USIlII. 1;')10_ "~Ib. p'-:K-<lOO~'lDJU-..pc: are ~ry. MCft
!haD.... repIic;I.e OOWIlSarc lICCdcd1G.:«<cd !lO"• pRaSioD for a foI..lIJksamp'"

Ahhoup sperm morpllolot>has 10"1 bceD reprdcd as ... I.IllPO<lIrn
iDcficItor of fatlb .y .• bm: if DO~y ICCICPIN.mnl>od of NIW'Dt. A
lII1DImultlrcq'"mllCnl should be 'ha' .he sperm arc n' 1.;.h .1Ien'""" 10<bt
bead lplumalellU.- . KIO>OI1>l: .Dd I>"'Irus). nt>d.poccc(IlIltoebot>d.. ). pro­
!Optum", droplcU. andllllL EIiassoD (1981) AlUCSlS lha' coiled IIIIs arc III
importan, lIlda,o r of ahct«l fuDCUO".upoIUre to orpnic SOlvenlS (JIucs.
pI ;n lS. and clnn,o, nuidJ) w=lalCS "lib. blp •...-idcnoc of COIled lIIIls.
Espos urt to lead <;:al>C1luS¢. Slgruf\can, mcm .. In tbe peroeol a,c of "", no "l Ib
mo rpholo p:a l defeclS ;ncludin, binud ea lN .• morphous and topcred forms.
Lead-.exposcd men also 1:Io"e• hijbe r frequenc y of semen .. mples "', lh low
sperm concen, ra, ;on and poor sperm moli l;,y , A ""rie ,y of o'her cloemocalsa nd
strcs sofS !la,'. been• •sooia,ed w;lh morp ho loll,;:at changes.

E"" lua ' ion of sper m morpho lon is lub]cc ll'," " 'i, b \arll. ,-a ",," ol\$ belween
Iabora lO"" and lecllnicia"'- Tbe pmblcm II cspa:iall) d ifficuh wllh human
sperm becaus¢ of'he lKa, ,-ariablh,y and hip pc=tagcc of aboormalsperm
USIIIUy found '" the cjaculal.

Ilccaus¢ ,he mOlPhoiopcalcharactensla;:l of FfIlI celli are. o cucotill ~n of
a complete san ... a • ""0'. slida lOUSIbe prcpamJ from f<tlb sanl/Ol
spccimem 10be ....ruL~ samLn'lI>CIbods arc .. ~bic. Any ""'learSllUl
sucb as flSl arem, Wn.&bJ.·s. G.<msa or OO6lDY·DtllJOllDl" ..xqIllIC for <bt
n -.Jua tooa of troa sperm .booo_h .... ( lkllo:) n ai.• 11l8O).SemeD from
iDfcrtilc mtll if cbaraaenzcd b) aD llDumally IfCIl dMnlIy of aboot tMI spcrnt

sizes aDd lhapcs. If obJective.fDoDll'IIamem:data dcoc:'i>iD«sperm IlUC aDd
shape (c_1- be-'- kD&tb.,,>dth. area. cuwmfm-tlCC. l:IiI; zmdpoccc:..·.ch b) were
obtained from 1DdI.-.d..... al risk . lhey could be compared stalISueaUy "'lb data
from a matched oouttolllWllP aDd, .bus, pcrb:aps a>dm bu.maD heallh nsk
.... I) ... $.

Sperm morphomeuy <;:anbe performed USlIIi b"lIi sperm "" lis 0' su" ned
" DUnal, mean . Me'bod ' "'" bcco "" na Incrcas,llj!y aUlomated. FlowC)'lomclry
has been uS«! (G ledhill el dl.. 1979). .. loll • vdec ""' ''' 10' ;n,ep tfd 10 •
mln iooompule, a llows shape trac; op 10 be aUloma ticallycon verlcd 10morp bom.
mic ;nd~ of sperm aod lhen "ored in lhe compul memory, Flow ~)'lo melry

of bealed sperm nucle i ,",," all a signitk:llnl dec io re5iSlaoce to I~ $I,u
deoatura tlo n ofs perm DNA in sam ples from a nimals and .... n wilh Iow( .rllb ly
and maypro"d •• nc"- aod independen l de~,mmanl ofma le f"'i1J,y (E '~nson

el dl.. 1980).
Sperm mouh,y should bcn .. luated "l,h <tIpClClIOat .... llhru charact .....

tics prop'tSS"~ mot;b'y. petCCntlll' of moule sperm.and time aftcrqaculatlOl'l .
Bolll q1llllltl-lUVCand qualita\l'~ aspects mIlS! be IakCfl mIG 000IIdcn.1IO'"
Pon:nI.Ia" ofmolile sperm ..... ·.dd ) US<dtl'OC&Rln: <:Lsperm quab' y. Pro,lortioa
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of mohl< 'flOrm .. esumaLcd tOlhe nellosl 1000,....d ","""ty It eSllmated \11&01an
Irbillll.~ SClIIf.SpmnRlOubtYISUS\lIllydel:mnined\'lSually.altllouih quanu­
tati", method.arc.1so .... ,lable . The PC=taF ofSpcmI tbat ... PfOIfCH,,,,ly
Il101;1<,circularly tDOhl<. or bKkwudly IIIOtileis CODYCIIl>QIIIIl1yC$ttmated as •
sub:Icct;~ obtc.".unn c/ Iptrm 1n a diluted oampIc of ....... o .~cd "lib.
pbase-a>ntrul. lI>iC',*""",," Motl~ty ClIII also hc h.atod nbjec1JVCly by
lDClSIllC'tDtDlSmade on 11.... C1~rc llCpu'"CS(l.nd \IIacLond. 1910) 0'
on a vidcoupc rcalrd,"I (KIll; and (h~rcct. l'MI) . Sperm mrM.lity.nd
IIXMl'bnloc'mcaw ..........tI .... lIIucb lIIOrc mMlanl "'>Ibm speaa .nd ",.
di'-.:Iuak lloa.. IS 'flOrm COClDtOtnUflll . " dcdirl< '" tDOhlity <:an hc ao.-d by
t.cteriaJ 10...... or by dcfiaeUCCI in the ocminallluid .

AkIoB .... tlt sperm O()llI;:CfItIlUflll. _tim) 'and morpbolosy. parutlllate debno.
aa:tu1Ifll.UfIII and s:pcmt .,.,bd ity.rc also .rnponam. LD H·X II. ipcI'tIMpCCIfic
lIOC.ltJUk oflal:1ic dch)'d •• a.... nd CIUIhc tDODJ.lorcd....... ll iA tetluuq_
or clc<:trophorctiaoDy aner .. Ieuc fmlll opcrm as ... mdoaotOl of FfIOIl)"JIIC
cbanFS 01 enzyme inhibition (BcJocy" lI1.. 1980).

3.2.7.2 Spb, EJOcvkll.

When $CfI>C1>,"collected by tlte qlht"'jlCUl:lte method .• t II frcquotnllypolS,bl< to
identify fraction' of lhe .,...,l:It. on"nahOa in distinct pam of the mal<
reprod""u,., tract ""'h a,lhe .podidynus, scminal '"CSi<:1e.pros tale, eo ",.... ',
al:lnd a nd urethral aland. In man, tllo a<li.i ly or ac id phosphat.l.l", the
ooro::entrat io n of citnc: .. 0::1~nd u"" I<vel> pro. ide ..., . itive ma.ke .. of the
prns lahc secretory activ ity. F rt>CtoSC and p . nsu aland ins .• mona other sul>­
"'''''''tS,serve a$ ma. kers for sem,na l vesid : secre tions. Ca.n; t int is sometomes
uS«! 10 dete rmine lhe comri butoon of t llo .pid idyma l .... rel io" 10 SlIm." ( Man n
and Lut wa k · Mann. 1981).

3.2.7.] S~r", V;"bilor}'

Sptrm vi:abi~ty. tbe number orb ....spcrmato><>a. can be determuxd by uslna 0...
c/ se,"tTlll supn""tal SUI,~,nl procedures; """ of tbest IS0.5"0 _,~ .~ dltuJIcd
"'":Iler. Sperm arc aS5llSSedlIS'~1 pbas....oo.n"'st lI>iCh.....opy . Anothe1lll(thod
Invol, ·., SllIin'''1 the 'flOrm 8m ""til 10

0 .... '" ,n dlSh~ "'":lIe. llId then
<:OUlllcr$Uli",nl "'ltb 10"0 ",*"",n in disci~ .....t ..... Tbcst Spnlll ClII be
obst"",j .... 111. bnllnl\eld ~"" lIIic'osa>p) (Belsey .. aI•• 19l1O1.

In the~ oIcaJaum oons.the piasmaInd ouler aaosomc mcmbcTlJltSoi
cal*'iWed sperm fUseIn tltc prOCCSlk_'ll as tltc .. , ........ rcacI>OII- The
.... oonmercxuon ISa prcrequi$lte for fntiliz:otion in .........w..11"*""and
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muSt OCCur just prior to the penenation of the zona pellucida by the sp«TI\ .

Although the acrosome i. oasily «<n by phase-contrast microscopy In many
laboratory spec;";, it is too small to be visualizod by 'h is method of microscopy ;n
human 5perm. A method for rapidl yq uantify;ngthe acroso"", roaet,on in human
sperm ha' been published re<:eotiy(Ta lbot and Chacon. 1981),Both capacitation
and the acrosome ~action are required for fmiliution . In the acrosome
~action . the membrane fusion produces vesides., and Ihe acrosome contenl Sarc
released" hile the limiting membrane about the sperm head remain. imact. Tile
acrosom e contains a mucolytic enzyme. h}'aluro nidasc . and proteolytic aOO
other ellZymes. Some of the enzymes reieased from the acrosome hdp individual
sperm to pass Ihro ugh the matri" of the cumulus oophorus aDd penctnllO the
zona pellllCida (Belscy e'"I.. 1980).

3.2.7.5 i " 1I;,ro TnlS

Increased alleotion i. being directed to the development of i" vilN; ,esl
procedures .Chemicalscan be IiCTttned economically by iocuba, ;ngspe rrn in I'ilr<>
unde r standa'" coodit ;ons in a prOiein-cootain;n g bulfa at 37 C for 4- g hours,
Sperm can be exposed 10 tbe agent briefly (l 0- 3Q mInutes) or thro ughou t the
iocubation period . A do.. -lesponse cuC"e caD be established using subjective
methods of e"alnat ion. The decline in pcrce ntag<:of motile sperm over time i. an
often used criterio n, bul ,ntegrity of the ac rosome and p lasma membrane .
oxygen consum ption, ATP conten l. N degree of agglutination might also be
used. Compounds that are ,permicidal in ,·Jtro a t concentrations tha t could be
anhclpated or shown 10 be present in blood or seminal flLlIdshould be ca refully
studied in v;>o.

3.2.7.6 Sperm DU",km E"perimcn/S

Labo ratory animal> and men can !la"e a con. iderable reduNion in sperm
concentrations and still be ferlile. To dete rmine 'fcrlil;ty thTCSholds" .. men
should be .. rially diluted and aDartificial insemination performed . The sperm
dilution at "hic h fm ihty IS allered can be determined and compared either wilh
pretreatment values or with control>.

3,2.7.7 Fo,e;g" Chn nirols in Semt"

Fore ignchemical> maybe excreted ;n .. men.After ingestio n.alcohol. "" licylates.
•ulphonamid e•. ampic illin. erythrom}ti n a nd OIlier antibiotics arc found in
human and animal .. meD(Mannand Lutwa ~·ManD . 1981),T!lalidomideaOO its
metaboli tes readi ly 600 the;r way into semen and become firmly attached to the
sperm In studi.. of drug> in .. men. sufficient care must be exe", ised to exclude
eontammation of semen by tl'lleesof Drine.
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3.2.7,8 Sper",-Cer l'i~al Mucut Inleranion

The cervical epithelium comprises different types of secretory ""l is which mry in
their nature and abundanc e of secrelOr}' granules, Secrelions from these ""lis
contribute to thecervk al mucus. The ra te of muCu5secrelion is a fUllCtionof the
"" retory activit)' and responsiven..., of the secretory ""Ils to circulating
ho rmones. C)'.'lic alteratio n in the constilUents of ""rvical mucus inOuence:s
. penn penelf" tion and 5u""'i,,,,!. The .urvi,,, l of sperm in the secrelions of the
femalo rcprodU<ti,.. tract i' critical to their maintena""" and fUllCtion. Altho ugh
there is n<>practical method available at present for evaluat ing the effects of
human uterine and tubal fluid' on .perm, cervical mucus i. readily accessible fo'
samphng and stud}'. Thus . enlu ation of sperm-ce rvical mucus interaction
should he included in anyco mplete investigation of infmi1ity (Belsey el al.. 1980;
Alexander . 1981).

3.2,7.9 Dala lnlerprnalkm

The following findinS' with respect to "'men ana1l'5i5indicate aherod test icula,
function and. thus•• uggest decreased fe, tilit)' in humans (Eliasson. 1981);

(I) 'pe nn concentra tion below 10 miltion per millilitre of ejaculate'
(2) les' than 30'/. motile .permatozoa panicularly if tbe prog,...,i, e mot ilit}"has

b« n asussed as 'poo r' or 'none' ;
0) more than 30'/. defecti,.. midpieces induding tbe occurrence ofpro topla.mic

droplets;
(4) more than 30"/, defective tails including coiled tails or other tail defects ,uch

as too short. or too thick ; and
(5) tbe oc<urrence of many immature ,permatogen ic cells. q :, spermalJ' !s and

prima ry. penna toc}"t....

In interpreting semen anal~i, da ta . it shou ld he taken into accoum that the
seminiferou s epithelium is sensiti..... to various non.,;hemical influences. e.g..
heat. fever, allergic reactions, virus infection and se' ..re p.yc hologica l 5tress.
Thus. careful com rol and follow-up of the men iocludod in the 5tudy and
properl}"selectod controll\l'Ou ps from the same <oe:iety groups are impona nt.

lnfection5 in the accessor}"genital gland . can sometimes cause significant
changes in the qua lity of semen. Si""e such infections may produce only nunor
'y mptoms. acareful clinical e"" mination i' n=T}' ,A cytological e""m ination
of expressed pros tat ic Ruid 'ho uld be carried out if there i5 a ,mpici on of an
infection or an inflammat ion in the aocessory genital organ•. When two or more
of the following chan8"S in the semen are present. one ' hould suspect an infection
and or inRammatio n in the accessory genital glands:

(1) more than oc<asionalleucoc)' tes,
(2) prolonged liquefact Ion time ;
(3) low sperm moti~ty ;
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(4) mo'" 'luln 25% coiled tails:
(5) 10'" conccDlra,ioll5 of ,he organ .pe<if>cmarl<<r'. aDd Or
(6) larll" variotio"" in ,he "olu"," aDd propenie!l of .. meo samples colle<;,ed

aher 'imilar period, of abs'in e""", e.g.. 3~5 da)"$.

j.j SO .' IE LABOR ATORY TESTS OF REPRO DUCT IVE CAPAClTV

Although .. ,..,ral .pe<ie!Imight be u,"", in fenitil y . ...... menl. rDdent. and
rabbit. offer ...,...,ral ., h 'anta geo; in comp.ril.on with dop and subhuman
primates. The rabbit is pa n icula, I)' .... ful. Male rabblls ha,.., a high, prtrlICta ble
libido thar may be useful in a5..ssin g hau n:ls 10 .. , ual beha'iou ,- Mo'"
imponanlly. aU sequ entialp~ of the co """pt"'" procesll such a, eDdocri".
function, spermatogenes", sperm maturalion ,ejaculation. sperm capacitation in
the female and fenilization are easily evalua ted. quanlified and manipulated in
the rabbi" The ability to characterize lhe whole ejaculate qua ntila tiveiy aDd
qualita ti,..,lyand tile .bih tytocolJecl tileejacula te usinS an anilkial vasina make
the rabbit a key leSt model for sensilive ........ m.rll of possible lulrrnfuleff"" tl of
emironmental agenll on male reproduction . The ra l " tl><""'-Ond . nimal of
choioe.

Only two pro«du~ for fen ihty aSlelSment a re dISCUS,"",he"" serial mating
and com petiti"e fen ility te:,,", For multill"nerati<ln studies see section 2,I, l.

j.j. 1 ~rial Mati ns Fertility P", 1iIe

The serial mating teChnique using mitt and rail " a .... fultes ' of domi na nt lethal
mutation. a, well a, of male reproductive fu""'tion (Jac kson n ai " 1961 ; lee and
Oi,on. 1912~ After ,,,,atmetU " 'th ,lie sele<;ledchemical. each male is hou,"",
singly ,," h a ,'irgin female fOTa d<-finedperiod . usually 7 day• . Thi. duration
ensures that the female e, perie,.;es one <>es'rous cycle duri'4l <hebreeding
per iod . Duri'4l each matmg period. f.male animal' a", ... mined dail)' for
"ag",. i piugs to . nsu", tM l tlle t",alme nt does not int. rf.", with .ja cula tlon .nd
ma'ins capabil ity , Afler the mating period. the f.ma le animal" ",placed, These
breeding stud ... are u. ua ny contln""" for 70 da).,

Nine da)"$ after ,be end of lhe mating period. ,, 'hen a female could be
approxima t. ly 12.S da)"$ pregnant, the f. ma'" are killed, ut.ri and fetu...
examined , . nd t he numbe' of d.ad and viable r.t u... ,""orded . F. nili ty profiles
can bed ,.wn from these data.nd presented in the fonnof a graph in which ,he
ordinatl; ", p lUSeSthe pe=nta g. of males determined 10 be fenile .. indicated
by p"'gnant f. ma .... and the da)~ an.r treatment a'" m.rked on the .bscissa .
Serial mati ng al.5esses the biological functionins of sperm <:ellsand produces
f.n ilny pall . rns which a", "' lated im..,rx ly in time to the phase of spermato ­
ll"nesis damaged by the ' reatment.

In order to id. ntify lhe "' lat ionship beN' ... n a cbemical all"nfs dr""" on
fenilit)' and the type of spermatogenic n .ge a1f""'ed as "..,11as the J'OS'ible
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biochem ical effects, il is impor tant 10 undersland lhe unde rly,ng b""lo gy of lhe

d iserete stages of spermalogenesis.
Precisecbs' ilical ion of lhe , .. riou, spermalogen IC cell types in lhe "'m i·

nifen>us lubules requ ires light and low.power e!<elrOn micro:scopy. Progressi,~

alleralions are nmed in lhe nucleus. in the acrosome of developing ,per""Hids
and in cha ngingcellular associalions . The kinel ic. of the ,permalOgenicc)'01e can
be determir.ed by fo lklwing lhe progression of 'H.thym idine in pulse·labelled
spermalOgonia a. lhey differenliate,

Funct iona l chan ges .... ulting from ad,,, ... effects of chemicals on ,,,,,,,fic
spermalogenic stage> are de layed depending on the ceillype affected, [n the ral.
damage 10 epid idymal sperm appears in 1-2 w..,ks: to ,permiogen.., cells in 3-5
w..,": to .permalocytes in 6-7 week.; and 10 spermalogo nia in 8-10 weeks . In
man. effect' of damage to epididymal 'perm wo uld appea r in 1-4 weeks; to
spenniogcnic cells in ~-IO " ..... ; and 10 the premeiolic 'lage in [[-[ ~ weeks.

fl i' important to bear in mind thaI fert ility is a crude assessment of lesticular
funct ion, a, even a small amo unt of aclive ,perma togenic lissue can main t.in a
no rmal """el of fert ility. These lesls involve all-or -none e,'enls and do not detect
subl[e change>. SII>ce'perm produc tion. especially in teS! species, is greatly in
", ces, of Ihal required for ferti[ ;ly. eve n .ignificanl red uet'on' in spenn
prod uc tion may no t be delectab le by breedmg SlndlCs

3.3.2 CO.",.t ;I;' ·. r.rtili t~'

Anolher pot ent ially mefultest approach invoh .. oompetil ive fert ility (Bean y e1

al" [969) . Sperm obtained from unlrea ted males are mixed "ilh ,perm from
trealed animals . The ralio of fert i[izal io n by the control and the treated sperm
after artifieral insemmation i' de tennined n.ing chemical or phenotyp,ca[
mar kert . The lame approach can be used wilh in .'Ilro fert, hzallon . Howe"."
lhese lests are limited to de tenn ining lheeapacity for sperm ""'gg imeraclions and
nol OlheT"ariable •• uch as sperm Iranspo rt . Thus. the tesl provides more IimilOO
infoTma tion lhan in T;"Oinsem ination . Oviductal or ulerine inseminalion is
anothe r lest app'<»lch "hich ,houkl be fur lher de'"loped to deteno,ne ils
re[iab ilily. Sperm from an untrealed male are inseminated into one o"iduct and
the spenn of a lrealed male are in"'m inatoo imo Ihe other. Fer tifizalion rates of
supero,'u[ated females are then compared (see also seclio n 1.3.2 .2).

3.4 C Ll;'~ lCA l EXAMINATION Ai'iD EVALUATIO ,,"

3.4.1 C[;nical Eum inalioo

The minimal requirement' of a cl in ica l examinalion i~[ude a careful medical
hi'lory .nd examination of lhe eXlernal gen,tal organs_ the pr""tate and lhe
.. mina[ vesicles,
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The 'izc of the lest ;' is a good measure of the spermatogenic cell pop~la tion ,

and correlates .,ell wnh the number of sperm produced. lack of usual firmness
may indi<:.lltea loss of semimferous .pilhe~um.

The size of the testi, can be dnennined with an o"hKlometor. Length and
" 'idth of the leSleScan be measured in speciesouch as rabbit. doi, bull and hotse.
In animals with a pend~lou, scrotum. scrota l cin:umference <:.lInabo be:ea,ily
determined (M.n n a nd Lutwak -Mann, 1981). Me. surement ofles li.. izc should
be made biweekly or ......kly with animal model•.• nd can be made part of an
annual physical exanunation l\Iyento men working in a hazardous environment

In men, the 'ize of lhe dorsal part oflhe pro<tate can be estimaled by rectal
exammation. bUl healthy .. minal '"eSic:1escannot be: felt by palpation,
V.. iculograp hy. ultraso nic <canning and comp uter tomography pro' id e ad­
dn iona l meanSfor determining the poSition,shape and cor.h llon of l~ org.n,.

3.4.2 Clinic. l "-_nl of 'h le FonDiI)'

Clinical assessment of male feni~l) usi"i .pidemiological approaclle< i'
problema lle. The e.penst and organization involvtd in ~oll<c"ng dala on lar£"
""mple, of ll"ograpbicaUy..'idespread males is ne.rl ) oy.... helming. Pro<pecli' ..
studie< are cum ber>ome. and the ethics of c~nlcal trial' "'ith ,pecific substances
ma)' be: questioned . A. a .-..Ull. S<H:alled ~~nical t.. ts mu,t rei)' on re­
trO<peCtiyelyco ll<eted epidemiological data s"" h as I be in"'" ence of specificbirth
outcom .. arid tbe:role of potentiall y confounding ' ...nables .

To aid in da tacoll<euon , the ChemICal Industry Il>$t;tut. ofT o.icolo g)' (C il n
in the Uniled Slates ha' d.., gned a qUC$lIOnnaue on rcp rodu~llo n 10 be us.ed
unIformly by major lIid ~str·;es (le vine £,al .• 1980). The formal will allow
coll<etion of reprod""lion dala on "'orkers (appro.imale ly 21l".~ f~male) and
their >pOll .... Adequate t.a~kground Informalion and control of confoundinll
Yariables are DOCes>lII')' 10 make llus a useful tool ,n lhr ~pod<-rnlological

in"esliplion of male ferhlny.

3.4 .3 lit I-/, ro r.,.ti]l",tion

Currenll y. thr mo<l pronusing a pproac h to the clinical a...... menl of repro_
d""'i"e ell"eelsof chemicals in;"OI;~ in YilT" f~rtllizallon. ImprQ; ed in >'11'0
f.nilization 1eChniques"' lh m"'t . ralS. ham$ltD and .-.bbiu ha,.. .-..ult ed in an
incleased unders ta ndi!t3 of tbe t.a,ic hiologjcal mechani. ms of fonilizalion aoo
tM role of exogenous chemicals in altering the f~rh liza tion proc .ss . Condil ion'
ha" . bc:end.,.~loped which allow spenn capacitation and a su=f~l ~.tr""or_

poreal unIon of male and femalo gameles
These in "irro method., "M'her using laborator) ' anima ls o r the htttrologou.

S)11elIl (hyma n sperm G olden hamsler 0'''') .hould help 10 deternur>e ho ..
chemicals in.. rftre with the .,.'. nU .urro unding f.n il"'ation and to K1enlif} those
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~hnnic:lll .. lth I poltnl.110 111"«1 humans Tbtrt lIS 'llCl"I:U'ftI t,1litaa from
1.IlJI:Ilal il:llda IbIolalUlDc~mocaIs_)' mhibu lbe fenilWIIIlblbl) oI'~rm.
"'ith DO ma.ttd d1"C1CU on any 01' lbe co_ K'IDtn dIlTKltnil:,"

8«Io1lK taIltfI ......)U as I PRd..,or of malic: rqlfOd\lf;lI'" Q1~ty •
~n)' ",,",bilk lad lIII_n '" ""0 fertihzlll>oll ClIJDQI: ,Ul'f"1It lIitd Ii1IeiI,

Illlllnbtr of""'CStIPfOn lui'" IIOUIht 10do:\"riop abe~IUl~I"
ftlTCl ftftihzatlOll_ S)'ilan .. '*'III*l1 ....bsllrl/ltS for lbe hImIaa OVUIlL TIIlsoe
SUbslllllfa _lIIdc lbe zona pd!IodlI of stored hwaan follic:ular 0\1 IJId tbt
zo....(ra hamswr 0\'lOSIl (Y_Jl__1M d aL I~ 1919).

Stlldaofthc pmtU1IUOlI b)' l1li_11 JPmII of_ pc1lllada.(ret 0''UlIII hi'"
dalllfird c:cna. lIId"d..... as aubfcn.lic: 1fbo Ia,'t I roullDdy clcI.nwmtd
IIOmlIl spcnIl c:oaotnln~lIIOCiblY IIICIIIIIX'pbolos) (Ilal"f'lll rl" , 1m, HID.
1911), llat data MlIFA tllIl lbe -.l1IaIlonI~ nnallb III't_~

pn:ditton 01' ...... subf«UIII)'. oaIy tbo: _ c:nrcrnt KmCII IbDOmlabta:
~liI.bIylIIdo:au. subfcruill) n.s. tbt .. nlTCl pcoetnIUlI.II of "boraron alUlllll
0\':1 by ........., ...... IppclfS 10 lit a llId'al I«bujut 10 ud ..._"I llllmall
f<1'tl.Iu:a.UlI.II pol.nlUill

Tbt follo'to1q Jtept arc Ill~ol>td 'II the hcIcroloJOUJ tell. A human ICf\XlI.

IlImple is obIllntd Ind I ital'llan1lnal)'SIJ Ii performed, Tht spermllOUIIlrt
"ISh«! illT)TOdc's medium, ttnlnfupd,lnd resuspendtd 1\ I COll.«TllnllOll of
4-8 milliolllptml per II'Iilblllrt \1ou~ly is aiKSWd and an aAqllOI 01' IhlS illl"k
solulioll, lIJUally contallun, I nul~on morilc sptl1l1 per mdbblrt, IS ,ncuNltd
under oil for 15-11 hOllri III CIlpaClllU. lhe Iptrm.

WillI< lilt sperm Irt btln, prepan:d, 0'" .,.., colltcled from the o~ldlll'li of
'Ul"'mVUbled Inl Immal fcmaks. T ..... JUl"'rovulalJan .. 'ndlll'cd by ,nlen·
!"'"Ionell injC<:lJOn ofprt&'\ln, mert'Jstrum gonadolroplll followed by hllmall
chorionic: aonadolfOpln 2 dly.lllltr. 0\'1 art r«(Wtn:d from lilt O"idllCli IIId
placed in Tymdc's medium, Tilt 0~11rt !I'Ultd ""Ih hya/umnldl.e 10 n.mo't
lilt l;IImulul celli llId thell ",..shed. Tr)l'Iin \fatment mnovet lilt lanl
I"'llucida, Zonl pclll.lC'>lb,frce hlllIIICT 0'" Irt addtd 10 lilt d"h conlllllln,
~o'llrolor expcnmtOW JpcrnI. Ind fmilin"l f;lpacity Ii ••tM<d by llltlJunn,
sptmI btndinllO the ova. dacorldmsai JpcrnI head.. and II' lI.e pronudNI "'llh
the cortaJ>OGllLDi Jptnll 1111 ,n lilt O\"m's e,.-wpiaulI... A~ml tl'lun. 10
pcDeuate 10". cI zo...-free bllDlItr 0\'1 b) humin Jptnll is ~Qy u.Md r.o
au.p1U IaIItD~ at lIlfmalo (HallI9llIj.

A1I1oo11Jh ICT1alId 'fcrnllulIIOII', lho:: proccw Jnldled • tht ptIICUIt>oa of lhe
spam m", tbt 0\'IlID WIth JUbacq_ decoodlDflt>oa cI tht IIPall' FIIft10rr
C\'Cll1:I of --' fcfWlzIlIOlI. ...~ at JtDtUC _ oltllt c:dlI. do _ occur
under lhcK _trolled utdiIcial rondllOOlU. Otava. uI tht~ 0\11...
pmttnIlld by lm_ Jptnll ... lIC\.... a-n~ II • IiIoupa 11a'
iIo:1croIotuua taoh _y forml baJoI for eJ.9lonlll thtdfca of........., mwfen:
"'llh tbt~ ullpoCmI pmctn.UlI.II uI the cg and ftrtJUabOa..

In idUl1>OOi ..hen • "",,1aWI1 01' l1li_ sperm rntili!y .,ndJcaitd. the lilt
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of a doubk: -Ouorescent-Iahe l COmr><:lltl>'esp<1"mpenetrat ion assay w,th th~ zona ­
frtt hamster ovum might inc=«: the ",nsit ivily of the tesl. The ",n' itivlly of the
ham'ter ovum penetmt ion assay is also increa >edby counting the total number
of .pe rm per penetra ted halt1Ster" tellu. as well as lhe percentage of pen. trated

'w
fn w'o fertilizat ion can .Iw he coupled with pK lmplantat ion embr yo cultu~ ,

tran,r. r of blast ocy,a to pseudo_pKgnan t recipients and .,·. Iuation of 'pK ­
gnancy outcome' 10 identify cril ical ~a rly de" .lopment la'llet. of environmental
and olher~hemicals , Malr:and f~malr: gamete' can be ""posed to chemical. either
in \';/ro or in \1"0 a nd then he u>ed for in ;'ilm feniliza.tion

304.4 Tost icular Biop"y

In bot h large do mestic . rllmals and man it i' p""' iblc 10 obtam testicular
bi"poies, but the pnJCeduK is not w'ithout ri' l, and it is used on relatively r.re
OoXaSJon ,.

A b;opoy of lhe huma n t<:iIlSw,U rarely gi"e pred icti". informa tIon if the
ej acul.t~ eonlains more lha n 20 million .pe rm per mlllihtre, The method of
securingand examining biopoy spec,mens has been described in d.tai l (d. K,..,t", r
and Hol.t oin, 1976),A small incisIon in the tunica albuginea allow, the testkular
t i",u~ to prOirud. and to he . xcised by a sha rp sca lpel blade held pam llelto lhe
surface of the testis, The tissue muslhe hand led gently and placed in Bou;n 's or
Cleland' s li""li " . prior to ptocess,ng .
On~ ad"a ntage of performing a lesticular biopoy and of ~""mining the

,pecimens histologically is that ,perma togenic failures can he ",Ia led directly to
Ie,ion' in th. seminif.rou, epithelium , Som< of tn.: disadvantage of teslicular
bi"psy are that lh. mOlhod i, in,,~si,'t . can be uncomfortable, .nd is nol f= of
ri' l' such as haemato mas and inf"'tions (Eliasson. 1981),

3.S CO NC LUSIO :-;S AND Rl::CO .\I .'lIENDATI O S S

It IS,..,adily appare nt that lhe m.le reproductive function is a '01 of carefully
balanced and ~nsitiv~ pto<>o«es. How~ver, lill ie i' present ly known as to how
""ogenous chemica l. atT... t tiles<,proco-s,.. and alter functions, ahhou gh in
rocent )~.r< imponam advances have been made , Tho 1., l that faces .....ro ·
duct ion biologists, t o~icologi'ts , clinicians and epidemiologim i' to devdop and
"alidatc rapid. incxpen,i,~ and predictIve laboralOry and d inical toxicily lest,. A
oecond challenge is to app ly . "pe" mcntal data in ddining the haza rd and
estimate repr oduc tive function risk 10men associated with expo. ure to chemicah
at occupational and am b;cnt en"ironmenta l "" neentra tion', Some more specific
conelu sions an d recommend.tion s for furthe r work are summarized below.

(1) Rad io;mmunoa , say. a", ava;labk for d01cmtining the gonadotropin_
rck a, ;ng hormon~ and gonadotropins.. a nd for m.asur ing changes in lheir 1e\'.I,
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OSa respon'" 10adminis t.red drugs a nd chemicals, The'" apprOOChl;$,hould ~
caref ully co n,ide 'ed for til"" ap plicalion 10 loxicological studies .

(2) E"alualion of spenn morp hology could be mad . less Subje<;live by
de"elo ping a cla"ificat ion ,y.tem based on morphome tr ic ,tandards.

(3) Majo r impro"ements in the predicli,'en"", of ",men analysis could ~
mad. by;

(a) more accurate determinal ion of sperm concentral ion ;
(b) rou tine dete rmination of lhe lota l number of 'perm per .jarulate;
(0) mort: precise determination of the perc.nta ge of progJflsive ly mOll!<'perm;..,
(d) more crit ical ",'a luBtion of ' perm morpho logy by u.ing pha .. -<:ontraSl 0 '

differential interferenc e contrast rnicro«opy for careful ..... mina tion of wet
prq>aralton a. well a, 'ta ined "".ars,

(4 ) More att.ntion .hould be dir«oted 10 study ing exog. nou, chemicals in
..."e n a nd their .ffect s on sperm. Where applicable , the .p lit",jaculate techniq ue
may ~ useful for lhi. pu~. The l.v.l, of ch.mica l. in ..-men uught be a
reliable and ea>ily obta inable mea, ure of exposure ,

(5) Functiona l pmpenie5 of ,pe mtatozoa determine t heir fertilizing abilily.
and ~uer melhod, are required to a>leSSlhese pmperl;e. . A l the prt'sen t, 'perm
motility i' the only functiona l property evalualed rn rou line .na lyses. Increased
.u. ntioD . hould be paid to other funetion. l pmperti ... uch a> the release of
.nzyme, from lbe sperma to:w.a. the zinc content , resistance to sodium dodec,.l
.ulpha te ($0$). 'perm mot ility in DOrmalcervic.1 mucu.> and the ;nter""l ion
between semin.1 pla.ma and spermatowa.

(6) Method. for a~,ing Senoli cell funet ion' .hould be further developed
and valida ted,

(7) Rodenl ,pec;" mighl be mad. more predietiv. for humans by aruficially
insemlnaling a limited number of sperm or by' decreasin g nonna l sperm
product ion by prenata l (0' early postnata l) <sposurt: 10 ionizing radiation or
selected chemical s.

(8) Better laboratory animal models and lem .rt: required for ,, 'aIU'l ing lh.
effects of chemicals on erection and ejacula tion proc.sses.
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&Wed by V B v .. k ,.-.l P.J. Sh«ha.
C l'llilSCOPE

4 Vertebrates Other Than Mammals*

There i. a ,,'ide difference in the informalio n .""Iahle on Ihe dasses of
anima l, under con'ideralion in thi • .."I;"n. B"d' and li>hes have ixen
eXlen,i, .. ly 'ludied, where•• no ,",ts for the elfeclS of chemicals on the
reproduclion of repl il.. and amphibians are available, a nd the discussion of
lhese lwo clas.sesi. lillie more than a U.Iof proposed .pecies and a bTlefoUlltne of
possib le lest procedures .

Bird. Ita"e been widely stud ied be<au.. lhe .. con.picuou. and widely liked
crealures ha "e been .hown to aCt •• 'early_warning' ')< tem, for environm ental
probl em. on a numixr of occasion •. PCSliocide-induced eggshell thinning caused
the e"inetion of Ihe peregrine falcon in ea,lern North America and a mar ked
reduclion of Ihi' and other predatory .peoICSin many pan. of lhe wor k!. F ish
ha, .. a greal economic ''lIlue and .port fishing has a "ide following . Beyond these
immediate co""ern •. fuh repre.. nt lhe upper lrophioc.bioaccumula tory level of
eco'Y'lems whose pr imary elemcnt. water, acts globally a. a mosl elfecli ,..
tran'pon medium and .ink for en"ironmen taltoxicam •. Acid precip ilalion in
caSlern North America and northern Europ< has prevented lhe reproduclion of
fi.h am as a conseq uence caused lhe deslrucl ion of fre.h"'lIl er fish po pulalions
o'''r "'-ide geographioc areas . Repti les and a mphibians have been liltle 'Iud ied .
apparenllydue to lhe fact lhal lhey are inconspicuous. ltave no large-scale group
of inl<reSled pef$Qns and Ita,.. on ly .bghl economic unponance . Nevertheleos.
there is good evidence Iltat some memhers of the.. classes are Ihrealened by
pollutIon, perhaps mosl critICally amphibian. by increasing acid ificalion of the
small bodi .. of waler in whiochlhey breed, T he development oflesl' for these two
classes i. an mgt'll t mailer.

A laboralo,y le>l species should meet as many as possibl e of lhe follow ing
crrler""

(I) il should be read ily available. and breed easily and reproducibly in capti"ily:
(2) the prodUClion of ej!gSand young should be capable of quant ification;
(3) it shouk! IIOt be insensilive to the chemical or group of chemiocalsbeing

tesled: and
{41 it should be r~p~nlati"e of species of ecological or commercial

importance .

' 1llisll!Clioll.'U ~m::I by a Wo"' ..... P ch>lrtd by O. Ii . !'nb lL Tho",_rt<u,....A, G
JQh"d • .• mI ..... b<.->.... '" E. M, DooaOSoo.. M 0010. A , L. M,"'" on<!E. So,,= ,-

is
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In field tCStSthe lastlhrtt cnler;" also appl y, "ith the additional criterion that

(5) tbe coll«tion of data docs nOtalfect the tCStitself.

Field studies ha'" the ad' .. nlage lhat one can leSl tbe tarlOt species under
natural conditions. "'hich ail!! in tn. asses,menl of lbe impact of chrmirnls on
natural population'. Ho"""" , IheTCare a number of d,fficulucs 10be'o"e""'me .
It i. often nOI easy 10e~pose the target organism 10 a chemical. cspecially if
chroniCdo'ing is requirtd. Ifs tudle<are do"" by puttmg organ i,m, in,o polluted
areas and lhen measuring tbe'ir ",prodtICli"e fUl\Ction.the prob lem is that il i.
rare for only one pollulant Orcv<:none class of pollulants to be'pre$Cnt.There is a
lack of conlrol of the e,perirnent. and factors sucb as ""eather. prtdalion.
availabi~tyoffood and ,.. ndalism may have to be' laken inlo account. Another
problem is the mflueroc:cthat the observer and the experimental procodures may
ha," on lhe reproduction of the animals being studied. Neverthe1e<,.dcspile t he
dif!icuhioesand ,he cos', ,he combinallon of laboratory and field 'tudies is
necess.ary to elucidate major pollutant problem•.

4.1 BIRDS

4, 1.1 Currently U""" "' ethods

4. \.l. 1 Rqt<>dIl<:I;~ CyrOr Tm s

The purpose of thes.et.. " i. to determine tbe effects of chemicals on the overall
reproductive 'IICCCSS. Adult bird' are pairtd off and lest chemicals introduced
into the diet befon: egg follicle formation , Number of eggs per female, fertility.
hatchability arid .u"ival of yOllngup to l -l 21 day. are "",aourtd, Eggs are
artificially incubated. and eggshell thickness and residue levels measured

This method is being acti'''ly considered as a .landanl method for the mallard
/.4.....pltl/ )"rlrp l<hos) and t""Ospecies of qu ail (Co/inus 'itginian UJarid Col" m;x
rot","i x) by Ihe Organizat ilm for Economic Cooperation and. l)eydopmenl
(O ECD) and lhe Amen:an S«>ety for Test,ng and Maten a ls (A$T M). These
specics are readily obla,nable, breed easily and reproducibly and can be used
routinelyal the pre$Cntstate of koo....ledge. They are comparati' "ly i""~pensi',,.

and no special training of _islan" i' re-qu,red.
This metbod is a good screening 'esl . as eggs are '''''ubated anihtiall y and

young are precocial, Ho" "'''r. il gives Iinle information on the elfects of
pollulants On reproducti' " behaviour.

Other tem hayCbeen considered in ord.c to <Xl<ndlhe information obtained
by the 'slandard' test 10 other species more d oscl) related to the targel ,peci...
The procedu resa", similar 10 lhe 'standard' !<it ."""PttMt the young are usually
reared by parents. $.<"eral species have been proposed for such tests.

The black duck ( .4..... ,ubr,p-.)breals read,ly and reproducibl y (lo n""" ",
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and Stenden. 1977)but S«mS tc elfer lillie advantage e"er tho read ily a vailable
mallard to which it i> ,,,r y do .. ly related,

The American kestrel (Falro .pa n e , ilij), a small falcon. has 1:>«nbred m
captivity for teI.<;COleg.,a l studies (pon er and Wiemeye<. 19(9) . Il<>th the barn
0"'1 (T }'w albd),a medium·, ized ftesh..,..ting ewl. and the 'mall screech owl (0 .....
a,lo) ha ve also been bml ' uccessfully(McLane and Hall. 1972). All the.. species
require large.-size cages and . killed assi'ta nt. to maintain a reproducible colony
breeding. Sin<:<:the main dietary requireme nt is ""'at . these .pec ie, are too
expen.i,'e for ,ou line lesling, I nilial collection of wild bird. i. n=ry and thi'
requires permits . Thi ' test is predicti'" of the elfee" of chemical> o n predalO'~

bird s which are par ticularly vulnerable 10 polluta nts. due 10 lheir posilion in the
food Chaill

The ring dove (S"epwpdia '«o,ia) breed. readily in eapl ivlty in small call<".
Small dutch size (twe eggs) requires more bird. in orde r to ob tain adequate
sample.ize lhan for the 'sta ndard' test spoe.. ' . which have large clutch size!;. and
young mu5t be reared by parents, The ring do' " i. comparaliwly inexpen. i"e.
and no ,poeiallra ining of .....i'tant> i>needed. Breedmg hehaviour ha. been very
",,,II . tudied (Lehrma n. 1%4) and has been used to demo n. trale hehavioural
alteralions caused by ehemical> (Peakall and h ah n. 1973), Do,'e s frequen t
farmland, bu t have a low position in food chaill5.

The starling (Sl urm« vulga, ;' ) can be bred in capliVltyaltho ugh the supply of
insect food for small youD3 cau .... dilFicull"" . The clulch is large and readily
availab le. Hole·nesting ma kes hehavioural observa tiom difficult. bUI repro ·
dueti'" success i. high and realOnably comi"enl (Po",,11and Gray. 1980).

4. 1 1.2 Jlullige"",aliorJ Sudi eJ

Most avian loxicology studies are carried oul over Ie.. than a full life cycle. and
elf""ts caused in olfsprinll and carried on 10 the next gene-ralion ,,'ill nOl be

obsen 'ed
Mult igene-ralion studi.. ha' " been carried OUI uSIng ring do'",. qua il and

mallard •. Test. do nol differ from ,ep rod uctive CJ-"IeleslS for the same ,poeies
excepl in Ienglh and . therefore, eos!. So,.. ",1 experimeots (Peakall el 01.. 1972:
Carnio and McQ ueen. 1973. Heinz. 1979)showed lhallhe elfects are greater in
lhe second and third /!l:nerations: In some ea... the}' are much greal er than the
elf""" observed in the lim generat ion.These finding'! point oUllhe inadequac'"
of the 'standard ' reproduclion C),,1et.. l which i' not a lroe full cycle I .. t.

4.1.1 3 Egg Inje erion Experi_ ms

The egg injeclion Ie" i. a 'imple screening melhod to lesl for lhe elf""" of
chomicab on lhe developing avian embr~o. Dis50lved chemical. are injected inlo
the)'olkoffertile~hi~ken eggs(Mcla ughlin01at.. 1%3. Dunacnicand Fletche r.
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1969), ....nib<ially Illl:Ilbaled CiP arc candled al IDtrro-a1s 10 cbcck Oil
ik\'tlopox;nL

T his is by far lhe ltIOll rap.hDd ,nn:pmsi,~ of the .via ll ICSlS. allboup. IIOtIly
cbccb a oio.aJepari olllle reproducu,~ cydc . If the cllelDl<:allS plac ed 00 1hr air
sac membnDC.lhe qucsu.oo. w_lbrr or DOl1bcchcmJcal. absorbed "'10 1_
yoUt, disccl IIlJC'CUOO'010 Ille yolk allSC:l .pprcaablo moruobly wbl<:ban bo:
offsn by u..taSlllf lilt: Amplr SQt' .

Tb< ItCbnoqOC' an Ix: IItal '" 11106c1clIlll larF' spoaos Of ont~
(Gilmao trlJl. . 1978).allboup. llll: Ppnl:DU.lioll of many Iop«IeS mlkflS 1_
CItIdbn,or tIP . 10 dctenIllIIoC. 'lIrt brr ~Iopmtol • '" pt'O&f"$f. ''IIt\IalIy
im_~

4. l.l "-iool Tm ' 11l'tlooIs

4 1.2.1 ( )".M' ic1

lbc PUIJlOlCofC)lOfeIICUCICSISillO bo t for JI"DCticd. ...... '" b,rdl lhal ml y
heaUKd by chetIIICI ls. 10 prql&I'&llOOImade from I1Ipodlypro bfel1l11ll' lIISut of
lhe a.......o =br)o. C~mQI an Ix: mmlDCd ana-cell d" ....on hal bDe1>
arresled . , lb Coloerruo1aodbrcab and Olbrr aboormab lJel d«amtntd (Bloom
t' al.. 1972 ), ....Iso llle I1ItflSolloli 'rr<hromat od=ha0F a ll be detmnlntd ill
""n. from lbe allantOIC laC of a"l an cmbl)''''' (Bloom. 197&). Nen ller of tbe$c
\e<'hn iqucs hal been uK<:!c~trni.",l y. ah bough chrornO$Qmal aboorma ~11eS ha '"
been as socia 'ed ...nh reproduct i' .. fa ilure in ring doves ca used by poly.
chlo rinated bipbc n)'ls (Pe Bl) (Pcahl l . 101.. 1972). 'Thesetechniqu flStou lclbe
added to th. proloc ob for 11>1:reprod uctive Cld. and ,1>1:t il illJe<:t;on ICS'l .

Cyl<>grnetlCmeth'xb ~re fairly rapod and reprod ucihle but ca ll for l killcd
tochn"'al a"" 'a nlS. The possibililY of oorrelallng tbe do&,« of ollog.no ' '''
damal\" .....,11the d.... « of rep rod ucti,'e fa ilure "ouk! be valuable, CylOgt!le ' ic
tochniques are ca.-b le of bei"l llHd under lick! conditioOl. and I'lIt.. of Illiler­
chro matid = han .. In JIlIl ""' bryon ic mate rial havo been IIh"",n to be fairly
consis tent from colony 10 colollY (Ellenton. pennnal comm unication ). In lick!
Jludics .oytoll<rwtlCchanan ""noo t be linktd <0 a~ d ,,:mical . l lb cena lnty
...-en if cbe~l anal)'IJS (oe lUId .... 1t>~1s is underta ken.

4.11.2 Uwr, £It:pIW INiw,_

lbc purpwe of lltillClllS 10d<lt'rmll~ tbe~ ofbep.uccnzymt tnd\llCUOrllJl

.... bryoa and rebl~ II 101M dqru of UPOI\ln: to lolie cbtmicals . LJVCQfrom
laue .... 1x}ooIor l'O'd" cba:b lin' fftDO,\'d and miIC:..,..,.,.1 (rw:uocIS 1IOIaud .
lbc rate 0( metaboll6l11of Ip«l/ie IUbouales (--.II) Io.belltd) ISIllI'lIIW'edalld
n:lued 10 tbe prole\l\ COIIl<111ofl'" micmoomal fractoon (CoMcy and Kllnc h.
1963).



Vu,~braluO,It~r Tit"" Mammal. "Th" lechnique ISfairly rapid and rea""na bly reproducible bUl calls for . killed
' echniu l 'upport . IIcould be added 10lhe rcprod UO:li,'eqd <Orlhe <u inJO"uon
lechnique . Htpa tic enzynx ,nd""tion is a =ponse to f"",ign chtmicab and
akhough 'here art differences in lht induclion processes by dilfertn' <lasses of
clltmical!l. more work i. nttd cd to relale enzymt induclion cauK<! by .pecific
chom'cats to lho mClaboh. m of a .pecific subslra te. This ,pecificily could be used
to ind,cale whal cllt mical(.) tilt bird had bttn expost:<llo. and lhus il could be
employed in fieldsludies, Tilt induclion ofhcpatic ellZ}'m.. can afftc! circulaling
.lero id levels. il does nOt se<m to be oorrelall:d wilh brttdinB S"""<S<.

4,1.2.3 HO' moNl/ 0 'ck

The purpose of this 1.. 1is 10dClemtinr:lht chanll'" in hormonal cycle caused by
clltmicals a. a n indicalion of efftc!. of cbemicals on reproduclion . Circu lalina
hormone levels can be measured in samplts of blood colleclcd al fi>ed Ii"'"
inte rval•. Analysis is corticd oul by rad i"immunoassay lochniqU".

Tlus mel hodlS fa,rly rap;.:! and reproducible but ca lls rm sb lled 1eChnlCal
.uppon. Chani'" in sler<»dhormone 1e...1s. hou ld be p",lo::ti. 'eJ>l'lhechanaes in
Iht r~roducli.'eC)de bUl may 001 add mIlChto lilt information obtained from
Iht r~roducti... cycle t.. t. For e><ample.delayed 0"",,, of breeding ha. been
found 10 be caused by o. ganochlo rine compound •. a nd IhlScorrelalt$ wnb a
,10"".ti~ of oestrogen 1e... I. (McAnhur. 19&0).bUl chang.. of hormone 1e,.. 1
are nol more ~nsni.'e lhan direct ol>sc:"""io n.

4,1.2.4 Ad"" 'OMFlirol Fune ' iO/l

Tilt effccu of clltm icaison tbe adrenocon lcal funet,on "fhird. may be evaluated
by delerminina lhe wela b, a Dd 1u1101o&ica1chang.. of adre nal' (Hoi",.. and
Gorsline. 1981), Mea.umne m of ", .. Is of conicosleroids in blood may he
perfonned by radioimmunoassay

Hi' lological work is Ii"'" con.ununa a nd requires lilt <acnfice of individual
an imal. , Delerminat ion of Ie. 'el. of circ ulatinBcorticoslc:rone is relali"l)' rapid
hm also requires , killed assi.ta~ Tbe relationship of lilt Ie... b of circulaling
hormones 10exposure IOchcnncals is obscure. a. C. ,-.naugh and Hoi",.., (1982)
found a d""rc:asein mallard exposed 10oil, ,,'bere.. PeaLoIln 01.(l98I) found an
it>erea.. in gull. a nd guillemolS also exposed 10 oil.

4. I.2 .S En Exc/r(,ngeExperi/NnlS

The Objecl;'" of lhis l)'pe of t.. t is 10 separale direcl embrJOIo><iceffecl. from
effeclSClused by hehaviou ", 1abnormalilies , EW laid by females exposed 10 a
elltmical are moved and pUI under conlrol females. while eggs from control
femalts arc put under femalts npost:<llo the:ebemical•.
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Unde r field conditions ,h i$ is a dll'fieull and oomp ltx eXJ"'ru""nl "'loch ha'
ten cerrsc out on (ljprt ~S (fwuJionIwliilflUJ)(Wiemeyer if al.. 1915) and
herrin, gulls (Ltmu argclt,all<f ) (Peahll n aI.• 1980). Under Iaboralory
conditions it can be:dOli<quite mldily (J'Q lall alld J'Q hll, 1973)a lld could be
easily us<:dwhen ",p roduct" ·cCl"1t 151.<ind.calC thaI halChablhty of cu:sunder
the natu ral parent i. dccmlsed by a chemical. in order 10 d.tenni"" the
Importanoe of lhe behavio ural componenL

4. 1.3 F",1cI E.<pcri ...... '" 011Rep""Il",Ii .. Cld.

The objecti", of field • • pen ment.< is to l<"$I the dfocts of chemicals on a"ian
",pr od""tion under nalu ral colld ition •. AdullS a", treat ed with chemical' and
allo"'-.:d10 COl1\inu. the" bm:di ng Cl" Ie. Lon g-tenn dosing is a pro blt m which
ha$ been tackled bypuuin gout conla mina ted p~y(Endmon and Berger . 1910).

A tocbniqu. that hao pro mise of ",'id. application is implanta tion of the
material unde r ,he . kin . Osborna nd Harris ( 19"X1) s_ funy implanted PCBs
contained in opctl pla'tic tubes in .... bird. and w-e", .blt to ';mulat. kno w."
It\-els of thio pollutant.

While lhis approach teslS chem icals ulld.r ",.h.lic conditions a nd allow. the
,. rget spec... or near conge ners to be 1<Sled. il is • difficult .n d expen.i ve
teChnique. It may w. n be the onl y feasible .pproac h when ,peeies cannot be bt"ed
.uccessf ully in capti"ity (i. ... pelagIC.. . blrd.) . There . '" Itpl compbcalion.
since permll.<arc U$u.i1IJyrcquit"ed. Fickl " J"' nmenl.<suff.r from a Iacl of control
o,-er the .xperim.nt (w.alher. predation. '''nd all$m.ctc .) and from co ....ider.ble
'"nability of result •. it .. often not r.a,ible to increase the samplt.iz.e .nough to
com J"'n... t. for thio, And . la,tly . lhere is Ihe problem of the .ffecl ofthc biolo gisl
on the system bein g >!udied. _

Anolher companlli'-ely simple. curren tll ' used field procedure i' 10 oblain an
index of the reprod""li'-e .uccess of bird cOlonl5 brcodin /! under nalural
cond itions, Colonies .re ,·i.iled three times during the breeding .... "'n (mid_
incubation. two visil' 10 mar l youo/!) a nd the numbers of n51 •. eus a nd youn g
counled on each mIl and the 10lal prod""l ;on (youn 8,pair) is calculaled, The
number or visits .hou ld be red uced 10a minim um both to redu ce the cost and 10
mInImize the dislu rbance of the colony which C.n causc apprco:iable monalily,
Additional ~i,ilS gi'" more infonnalion but three "",IS are cOn$ider«! adcqu.'~

for the cakulation of an irid.. of breeding success (Weselob CI ~I.. 19"X1).ThIS
method docs not 1C'<t,heeffect ofany 8i,'~n chemical bUI gi ' "e$an indication of
cn';ronme utal '1u.lityof a «na inarea, It is nccessar)' to ha, -einformation onlhe
feed ,n/!and mi/!ratory hab its of the bird> bein g studied, Breed ing .ucc .. , can be
affecled by facton other thanlO.ic ehemic.5 such .. "'-eather and a"ailablhtl of
food . Thi. method has beenused s_fully ... pan oflhe Greal Lak.. Wa t. r
Quality Su,,-eilla~ Progam .



Vu,e/)ratuO,her Than Mammals

~.2 FISH "
4.2.1 Cur....ntly Use<IMel!lo<k

Up 10 tilt:early and mid-seventies. only acute k tha l tesl' werestanda rd leSlSfor
fish(e.g. 96-hour LC,o for rambow trou !. Salmo gaird"u,). How" ,'er. the net<!to
determine Impairment of physiological funclion,. ir., ludmg reproduction. in
order to asse", lhe environmental nsk of chemica ls is now ",,,II ro<:ognlzcd
(DonakJ>.onand Scherer. 1983. thl< volume). As with toxicologicall cSling ""ilh
other phyla and classes of organisms, a number of years is required 10allow lests
based on observed elfeets to de'''lop into 'proposed' or 'I<ntall"'" and finally
'accepted' or 'stand ard' method•.

4.2.L l S tanda,d Lij('-.Cyde Tests

Two part ial· and two complete· life",,}""e I", .. are d<:So::nbedInS um,u,rd Mnlwds
jar ,iJ" Exami"aria" oj Wa'u an<!wa<le WalU which i. an official handbook
used by regulalOryageneie>in Nonh America (APHA eraI., 19l1l),A parlial·life­
c)':k bioa'say usually includes one to Iwo ~fe slage>of lhe fish, such a, egg and
alevin, fry, juvenile. or adult, while a complete-lif... ,)':1e lest co',,''' more than a
~ncration. fotexa mple, exposed adult, egg, fry.juven ile.and adult to ew . Tests
for Iwo freshwater .pecics. the broo k Iroul (SaI""Ii",,",jon'inalis) and Ihe fathead
m,nDOW(PimI'phl.h prom<'l(Jj~ and t"o esluarine marine species. the ,h<xps.
h<:adminnow (Cyprinadml mriegOlus) and the Atlantic sih"rs ide (Menidia
"""idia) . are described. The tem are prcsented as lentali,'e (i.e. still under
invesligalion) and consist of partial·hf e""yde bioassay, with tt>.broo k Iroul and
sllverslde and complele-life-<:}clebioassay. with the ' heepshead and fathead
minnow, The rationale for cboosing these species was to arrive at the best
possible compromise betwoen .. ,.ilab ility of specie>.ease of handling. ho ldIng
and culluring. availab ilIty of background data on reproducl ion and d",,,Iop-­
ment . and sen,i' i, 'i'y of ew . embryo•. larvae and adults to cb<mlCal', Criteria
for reproduc li"e impairmenllO be measured a re number of .paw ning, and eggs:
lIme till hatch ing; percenlage of eggs hatching: number and percenta ge of lal"ae
, urviving; frequency of deform;'ies ; and growth and morta~ty of larvae.

4.2.l.2 SU1nda,d Eod,~Uj,-Hij(or)' Tms

The US Environmenta l Proleclion Agency (EPA). in cooperat ion with lhe
American Society for Test ing and Malerials (AST\ l). has prepared draft
guideline> for cond ucling toxicily tests wilh lhe early life .>lagesof fishes alone
(ASTM. 1981), These guidelines are expecled 10 become slandard methods fo r
rouh ne teshng

A reviewb} McKim (1977). anal; sing the results of 56complele-Iife-<:}cletests
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,,-ith 34 ditTtrcnt organ ic and inorganic chemical" had concluded that ·.m·
bl)'olaT\':l1and earlyjut 'enile Hfe stagesweretbe most.or among tbe roost.
scns'live In "holo 11ftejd . leSU' (!iCCal$O Macek and Sleighl . 1911), If supported
and ""nfi<d by fUIUrt ."pt .... """. lherc ",11be a str<lng l.nd"",,)' 1<1f<lregoc<I"ly
and ti","-.consuming c<lmplol.·lif.",yclo method' in fav<lur of l.'l ing lhose .arl)'
11ft "aitS only , Fo r lhe ... me amo unl of COSIa nd .If", t . a fa r grcalOTnumber <If
,pecit:s may "" lcsltd . Indo«!. $Om. 15 p<>ssiblo1.. 1 specit:s from f.... h" .. I.r and
mari.,. habi{.aISarc 'Uggtsled by ASTM (1981) _End·poi nts used '<ImoaSUrt lhe
off""" <Jlchemicals are : pt rtt ntagc , urvival <Iftmbry05 10 hatchin ll: hearl boat
and mo'" mcnt . if vis'blt th rou llh tho:ch<lrion: t,mt ofhatc h ,ng: ti"'" '<I,wim'up
(",I"", n,d, only): b<ha"'<lur <Iflarvae {venl ilali"" ra lt , ral e and coord i""t,,,,, <If
m<l'"mem): defonnitit:s: gro"-Ih; and monalitie> .

Sla ndar d t.. ts f<lr rooli.,. use will .I" 'ays ha' .. 1<1strike a balance ""1""CCt'I
rellabllilY. predicll'" "alue a nd =Iop:al significance on lhe "". hand. and
practicailly and cost efficiency <In the <lther , Ma ny of lhe economically and
=I<l p:a lly Impor tam fish species. cspeclal ly tM .. fm m the mari.,. .nv ;ron ·
m.n t, a", diffi<:ult W cullure, A. a c<lnoequence, a num ""r <If .... y·lo-handlt
.pecies " ' lh .bon life cy<1eoha'" been SUggtsled f'" mUllne u.. In panial- and
com plt tc -life--<:y<1eand multigeDerali<ln l.. ts. q:. the lIagfish, JordaMllI'jloridlU
(Smllh, 1973, AST M, 1981), lhe llUPPy, Pouilia min/lala (Pierson . 1981) .nd
the z.ebrafish, B,a, h, oJanio ffrio (KlhlSlrom .. 01.,1971: Laa lt, 1977 ; li llie el ai"
1979).

4.1 .2 Pl>lonll.l Test .\ l<1hods

4.2.1.1 GomelC T'JI

In most lC\e05l$. pmelCl arc re loased ,n1(l ,he aq ual'" envlron"",nl whe", they
arc exposed 10 pollutan15 In " .. ler prior 10 and during fenilizalion. In IIllS IClI.
egg' and .pe rmalozoa are exposed separa lely for up <0 1 hour in mtdia in whioch
their abll i,y to be feniliw.! and fen ihzinll capactly. .... peclively . are maintained ,
After .x pos ure, lrea ted ew a re fen, liw.! wilh normal spe rma lQZ<>aand lrcattd
sperm , and IClted for lheir ab,lily 10 f.rtilize normal <Iva, Perttn lag, fertJli2.auon
is d.lermined by eumining inta<:<or cloared ew bours or days afte r lhe
fenili2.ation, depending on opecies and iocuNlion temptra ture (Billard.
1978a.b: Billa rd Clol .. 1978)

Thi' lype of te" is paniocutar ly appr opriate whe'" lhe fi,h aT< likely '0 be
exposed <0 a p"nicular pollutanl on lhe ,pawn inllll'O und , Tilt: teSt has the
ad' .. ntag. of being rapid and rclatl,,,ly simple to condue<. A disad, .. ntag. oflhe
melhod is tha ' insufficienl rnearc h has been rondueled 10 relate Ihi, artificially
exte nded expos ure of gamel ... 10pollutan ts l<lthe rclau,'ely brief expo$ur e period
,,-hich normall y OCCufl b<l" 'ccn gamete relea .. and f' rt ili>.8.t '<I" , The melhod l
a"adabl, 10 dale ha' "e been developed usin g rainbow troUI (Sol"", goird""")
gamelCl: how", .... ,he ttthniq". could b<app~ed \<1<llher lpecit:s ,tXh a, herring
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(C1Rpn. sp .) "hich al... ""V ile 10 lP«iIic ,pa,,'nln~ locations, and ,,'I\OK
spa...·nmll lSabo chlIrxterized b~ mubd ~aoonabl)

42.2 .2 If.-d.:JI" LrJ. ) "O TDI

Tbt mc<Iab (OI')'ZJas ""'lMs ) opcacsIw lho -.!'1IDlal"" of pro<!<>C:Inllcas eacb
da y and of producin, cas "lDcb .I't' l/Illfll'Irrn .. P'rmilUnl oUer>1I1.... of
mlDr)'OP" dt">dopm.....

lDlho ....... b embryo lCOt.qp (IO ).rt p6KIodin to! soIulO' (20 mI ) in JCftW

lOp ' iall (23mI) ..... " 1ft... fertihallOD- \t OlUb ll:S . nd <k>'riopmenlal IbMr­
__ bun II't' OOlM ""til.nd mclud ml hale""'l (SlosI.oo Haino:$. 1979).

TbiI teebniq"" is rapod'00 ,he 11Kof doitd ~~posu.lT 'Ills IS""'1pO ...... ~ T'bo
trallSPlmory or egp fI<Trtlllll ob5cr>1IlO' of emb" ol\Jt abDOmla1it;a _ to
batehn.&- .OOlho rtl<'tbodmay pro>"'" a Tlpod aOO....,pIe lool for elt imannt
muimum a<aptabk _Qnt CO~Dlrat.... (MAT O.

4.2.2.3 Cyl08rft1!lia

TbtIT II a pressinl Deedfor. field ICChruqlltto usess lbe ~tf""l of poU"lanlS on
the ~rod""'u,"'.~ or manroc 'pe<:"'5ha~ing po-lapcCSI"- E.. miDation of
planklonlC ~gg> for C)l<>@:cnnlCabllormalil"'5 W been propow:<!•• an ap­
propriate appro ach to thi. problem .

f'.h <us ale colk<ol<:<!dur,ni .he brte<!lni ~a'iOn U,inll pla nkton 10"'$ It
spe<:ifi<d<plh•. EW l ITprnrl'>'N in alui tabl< 6>.ali'< for ka rl ologica l ll udiCI,
Wa ter samp\rs and, if po.. ible. (Ii IImplrs ar< ~ol1""ltd at the """'" time ror
chemIcal a nalys" . The prnr ncc of Cj'IOi(l'I<tICand qlologl cal abno,malit ;eo in
lhe mlb!)'o a oo yolk s.acmembrane arc corlT!ater!"' ith Ih. pr=ncc of pollutanl5
(Lonll ..",n aDd H ughes. 1980),

Thil teehni'lllC .110".. promISe:.. a tIold method. ho"~".r, laboratory $lwJ>cs
arr l><r<Ied'" confirm "'!>olher ,!>ochanl!" ob$n-ul in the fieldare in raet ... uted
b) .pe<:ificpollulllnl5 aDd. {5<> . ...h.:h pollutams arc reoponsiblc. Tbt " '0'"
ro-ponod to dale has been a:>DdllClCdon ,he Atlantic maculTl (S.-JN ,

......Q'
42. 2.4 HUU>ptllltolorinM Tn u

Tbo IDtopathoJ0P;31 <UlDlna lO' of .... 1<aDd f..... 1<aooadoin."poIed fish
pro>-..:ksa meam ol.- nl cbmtocll e1'f«u on ~rod"",n,,, <k>'dopmcnl '0
matunni fish durinl ........ h l c\c'.'doplllnlt. f1$b art nlbo1 apoKd in lho
!abo ra..",. or c:oIIe<:1ed(<om fidd IoaoUOfll ...bere "'p05"'"COs.onobIoIa IS
suspcc1Od.At aulOp5)' tho ,0Dad o.. ,,_I.: oodcXII determmod. Tbo IeAOS aOO
0'1IneJ lI't'examined for pulIl challJCS,n eolov.raad appearance , aDd porUonS of
0 '11..... aDdtesticular ti<'I_ alT prqI&rcd for bin olop:ala n" COle... (or
cb<rnieal darmllO iDcludoreduoed ......... 1.... . abnormal~. Inblbo"""
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of ' -II,lIoge"",i • . i""rea "" in the proportIOn or atro t" oocy te• . inhibil io n of
spermatogenesisand abnormalappearanctof ,permalozOJl(thl; o'oser'..anon
require, the use of an electron microsoope ),

The melhod ha' Ill< benefit of provid ing d i"" le, idence of impact on aonadal
development but has the d,sadvantage of requ iring eXlensi,.. hi' tological "'or k 10
quan tify the histopat ho logica] respon,,, . The tei t ha' been applied in different
fo nn ' 10 ,,",'era l 'P«'i<;$i""luding the ftagfish (JordonelL j/oritkw ) (Rub}' eI 01.•
1977, ]978). the rod (v adu>morhuo) (Freeman n 01,. 1990)and the broo k trout
(Soh eli""" lom /nolis) (Sanga la ng and O'H a lloran. 1973)

4,2,2.5 /nhibll km ofSpa.minK

]nh ibilion ofspaw nill$ bas been 'hown to be a 'riticalend·point for certain type'
ofchem ical$ltSled in life-<:yde ltSlS (Mc Kim. 1977). Thus it is possible that
inh,bitio n of ,pawning can be used as a lest in its o"'n rig.hl. This type of test
,n"olves exposure of fish du ring sexual matur alion to a chemical pollutant in an
en"iron ment whic h wouk! be normally cooo uci"e 10nalural spawn ini- Suitable
test cnd.pmn" indude delay ,n rnat urat,on. ,ntub ,tion of 'pawning and
reduc tion in eggs produced per female (Curti , and Beyers, 1978).

This test h.. the advantage of being as "'ns ili"e as , or more sensit i'-e tha n, the
early. life·hi"or y te'l for certai n chemica ls "hi le being les' c",tly and t,me
consum ing than the full· or pania l·life·qde test , . The medaka (Ory;ia!> Ia/ IM S).
the bluegill (u pomis macro, hirus). the f1agfish (Jordanella fl orldae) and lhe
fathead min""'" (Pinrephaln promelill ) are some of the 'fJ<"ies in which
,pawn ing inhibition h.. been im'est igaled

4,2.2,6 MUlage"/c!ty rem

bamina tio n for mutagenici ty is a particul arly impo r"'n l aspect of tOXICIty
tesl ing. Conduct of the lest with a ,'iy;parous fish perm it, evaluation of embryo
prod uct,on and <mbryo mortalily, Male guppie ' (P""dlia rniculata)a", <xposed
in ",ater or b}' injeclion The males are then mated wilh norma l females 24 hours
after inil;at ion Oflreatme nt. and after JOda y, th' f'm ales are a ut0 l"'ied and the
numbe r of he and dead embryQS determ ined (Mathe",'s e, aI.. 1978), The
injected fish are mOre sensiti'''l han immers<d fish. but the laller troalm,nt more
dose ly refl""ts enY;ronmenta l exposure .T hi' test u,ing the gupp y i' lhe on ly lest
for chan ical mutagenici t}' in fish thaI couk! be IClCatoo in the hterat ure It has lhe
advan tages of ,imp licit;'.nd rap idity,

4.2.2.7 Te.",' Based on Horm""al C"" lrol If echani.ms

While some chemical' ha",di recl offecls on llonada l tis'ue . o,he" mal ha'"
indirect deleter ;ou, etT"" t. on gonada lde"elopment which are mediated by etTec1S
on the hormo nal contro l of reproduct" .. d", lopmont . M.. suremon, of the
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c"lleentrall"n. turnow r or prodUClion rale of reproductIve honno ne< thlJ$
pro"ides a means of lesting for eff<el' or chemi<:a" on reproducho n before
morpholo gical or hi,tologica l change, are ob'UYed or hefore failure 10
reproduce i. nOled The mea>uremenl of corlico'lerold hormone< has alread}'
been used 10 quantify the ,Ire .. ""ponse of fish '0 pollulanl$ (for a r""iew see
Donald$On. 1981), TeM fi.h are exposed to lhe chem;;,al for a period during
iOnadal dev'elopment, and blood sample, are collecled for ev·~luat;ng lhe pla,ma
<oocentrat ;on of appropriate bormo nes by radioimmunoassay t",hn;que< .
Hormone< whi<:h h.,'c been .hown to be, or are potential ind;;,alOto of
reproducti'e impairment Include gonadotropIn_releasing hormo ne, gonado­
trop in•. oe<lroge"", and rogen' and proges"'g ens. I' LScYldenl from tlJo::I",,, alure
on fi.h lhat pollulants not onl) can chang< the concentrat,on of hormones in lhe
pla,ma and in lhe endocrll'l<glands. but .1$0 Can modify lhe timing of lhe cyd;;,
Change'Sin hormone concen tralion wh;;,h are a";o,,,ated wi,h n"rma l repro­
ductiv'cde'-elopment Thm 1"'0 key end-po inlSfor this lype of lest are changes in
hormone concenlTlIlion and change'Sin liming "f hormone producl ion and or
release.

The ad"antage of thIS'ype "f lesl i~ tha I il may be expecled 10have predicli,-e
value "' ith ""peel 10longer term effects such as faIlure 10spawn. A d;l<\,h.nlage
i' the requiremen t for reloli, .. ly ;ophlSticated ana l)";;,al equipment. How"',,r.
recent ad"n>ces In anal)·tlcal biochemiouy have simp~fied lhe procedures aod
reduced ,he wlume of plasma required for honnone anall'is . TeSlSof thi' l}'pe
hayc been conduc ted On lhe brook lrou' (Sal ...!!",,,.,lomina/iJ) (Sangalang and
Freeman. 1974). lhe rainbow lroul (Sal"", gairdneri) and Common carp
(Cyprimt< carpio) (S,,'anlJah N al.. 1978).nd lhe Indian calfish (Hnerop"""'N'
100·"liJ) (Singh and Sing./t. 1980),

4,2.2.8 Spa,,'../..g Bcha"w ur T~j/s

None of ,he Slandard or polen,;,,1 te>" delineated .bove, "'lh lhe exceplion of
lhose life cycle 1"'1Swhich indudc nalnralspa wning. pro,'ides any mea, " rc of lhe
effecl of chem;;,a" on migration 10 spawning I""alion,. aggregalion of malUre
eo""peelf"" . ,pawn ing habital seleclion, coun ing boehav'iourand spawning
performaoce . Specific melhod, art nol .," ilable to ex.mine lhe eff",1S of
chemicals on $Omeor 'hese behO";oura l a,peelS or fIShreproducl ion

A rna... technique has been d""loped to "'''',. the effeel of chem;;,a" on the
response of "brafi'h (Bradlrda .. io r~rio) 10 a sexual aggregating pheromone
produced b}' ,o",pecilics (Bloom ~I al ., 1978). Met hods art also av.ilab le for
test ing aura ct,on 10 or a'-oidaoce of polluled Wateto b" fi'h (Hoglund, 1953:
Sprague. 1964: Hansen. 1969 . Scherer and Nowak . 1973). and chemosen$Ory
impairmenl by chemicals (Hanl, 1979), Wh,le quan titatiye boehaviouralleslS on
fish requirt a signifieanl commitment of re",ureeS . the.. tests provide a meaSure
of impacu on reprod uetion that would nol bedetecloo using other les1methods
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4.3 REPTi l ES

Geograp hical distribution is one crite rion for the selection of t"'t ,pec;"', Lizards
and sna kes (orde r Squamata ) a re chiefly tropical. although some .pec;'" are
found in temperate regioM, Tile orde r Squamata. with so me 4800 specie,. is the
mOSI numerous and "'idely dimi buted of all the replile:s(Kaplan. 1974). The
tun les (o rder Chelonia) are mO$tabundan l ;n the non h and $(lulh lem~ate

zones. while the crocodile:sare largel}' lropical. The latest control lisl of the
Convention on I nteroa tional Trade in Endangered Species. as agTttd in Dd hi ;n
1981. conlains 74 species of repliles ".-hich are "" Midered to he rare or
enda ngored,

No standard methods for asse",ing effects of ehem"'ab on reproducti"e
functions of reptiles ha"e been developed.

Kaplan (1974) 8Jvessome information on reproduction proces... of rept iles.
but much of the ;nfonnalion is based on field d"la . Campbell and Busack (1979)
"",em ly d""' rilxd Iabor alory mainlenance of tutlle,. bUI lhey consider largely
non -bTttd ing indi"iduals. and Ewen (1919) deall with malntamlng ew in lhe
labor~to ry.

The cho"'e of species to rep.... m the cia" of Reptilia wouk! be

(1) a fre, hwaler tunle. Trionyl S."" "' ;. . wh"'h isbred for human con. umption ;n
Japa n; allernali,'" are Mauremys jaJ"}nk,,, and 'or Thinemy, ", • ..,,1.whleh
are bolh bred in Japan for pet trade: or

(2) a lizard. where the alterna tives are AnoliJ caroline"'iJ , Lacu ,a .p .. or
Cncmidopharw ex.<anguiJ ; AnaliJ caroline", is is rou linely bred for experim­
ental use in the U SA and its brttdin g bo.ologyhas been ".. n 'tu dled (see L;"hl.
1971).

Spec"" belongIng 10lhe genu. !n u rta mighl be anolher choice. being pIt'<cnl
in nature o "or large parts of the world. and being easy to handle in laboratorie •.
BTttding ""lo nie>of CnemiJopharus e=nguiJ have been establi.hed. and have
.hown con.i stem ,.-prodUCI;'" succes, and "ery lillie genet;" vanation (Cole and
Townsend. 1977),

4.3.1 Ttst Me'hods

No .ta ndard method. e>.i.t. and only potential melhods can be .uggested . Some
.imi lar;ty-e gg laying_bot w""n reptiles and birds suggests tile llO"; bility for
similar I<s' method•. Many .-.ptiles are fairly dow to reach sexual maturity.
"h .. h WIll inllially ""I n ct tesl program mes to pa rlial.hfe<l 'Cle I<sts

A parlilll.life<ycle te<t could be car ried oul by exposing aduh' 1o cl>emi<:al,
through food and wo' er or by in)e<:lion. Reprod uction end·points that could be
used include egg counting. egg ha lOhabilit}, and ,un'i "a l of offspring to day x,
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4.4 A\ l P IlJ 8 IANS

AmplLiblallS ha''''a worid.."'>ded.uributaon. althoup 'his class ot . """," Is 15
COPCC'n,ratedIn the tropICS. 'The",lI.maDden.~ f"" nd prunarily in then~m
tcmpenllC zone. Whilol l.Pda rd ICSUIla'o'CIlOlbeen de'",Iopcd . """'" \ClIUt' of
,hod«",ot peP"""" (Coote. 1972. 197J).Dd pH cllan.,. (PouIh. 1976. Saber
aDd D"" ...... 19711) OIl cmbn OlUl' .nd 11.",,,1Slap ot amphibians bu tu ll
c:amoodOU1-

A llllnDS (e., f"", aDd~) 10",,,tun uocd '" II.boteatorXsfOflloIla: UIllt

fOf up",mlllS iDc:ludillr:reprodllCllon Sludra, and lht:tt .... staIldatdu:cd
S)"""'" for =tIn1 humall~ I X~...,....~ 'The brttdutl booIoI>'ot
"na ra... bu " .."ide d;,....... 'Y. "Dd Ihtre ay ddf..... u proond\l~ for
ma,nlaUl1n1 lho molSlu", e:ssmua l for t"",, qp. f or many specxs 'ho el:llll"'"
easil}'<:olIocted"nd may lit ltudoedIn '".I.l'JOUIl'Q.PI'Ct:s. Tbe o.I poie:sa", lillCOOlSe
easy 10.".... uplOand lit yond metllfKlrphosis. Anuans ..... ", ... tllR .exlX*'d
'0 ronlal1ll""nU p~' in ",."t et" o r aIr . althou.,b DOl • debberalC ""'" ot
pntiadn. sn.....t c:aM:s of "",na hly d"" 10 pntnde """' .... k"""'ll .

Ma ny allurans .,naty 10~pIC.nd "' •. Sp<cJet oftbe cone'" 1ItI"" . nd
Xmopus ba"e tbe ad'."n .... of Ita",nl been bred and WIdelyused in Iabonu ory
e~p<"rlJTlOnlS (NAS. 1974).

Species of tbe Uro<lela order such II ",,"'-II . nd .. lama ndtrs • .., prnenl ,n
larse • ..,as of tbe "'...rld. a nd ... "", l pecies of ,he F"us AMb)"slOma. '" t>SI:'dfor.
,,,ricty of labora'o'Y cxpen"",nlS. T hetr dcv"\opme nta l biolo, y is ",,,11kno,",'n.

The y a .., ea, y '0handle . "l1'hei. developTl'lental m«h anic5and 6"" Urnc:IU'"
have tun 'tudied in det.i l T he effect of pll ,n combination w;,h temperatur e on
A, rn""'latum and ". frff.",m;,,~um ltal tun s'udie d. Spe.:ics of lI.nu.
AmbyJl <>m" .hou ld he u~ful for d..... lopin" .. ' m.thods .

4.4.1 T... Methods

'The",a", no s.. nda rdized """hod'for .mphiblans. In some c;l$H rIl(:' llod l lla....
been ...".-1<<4OU'for RmJD1~mpi)r"'itI.t>d &if" bw/""nd ha,..,been Id<dto Itl'd y
tho-effc<:tof DDT "nd ,IS metlbolt\Cl on .l.nUr"" CUI (Coot e. 19n) . R(m,o .

XmopllS . nd Amb) "'t....... species a", (li lly easily bred .Dd RXb tIlIllulily (lilt

mouah 10 a1I<>-.'ccmplne-Ii fe--<:)'de1CSUIl.. Pa ruaJ-lifM:),, 1e IlIld wi y-hfe­
hd tor} 1CSlS.... ''''1' c:uilyamfd out.Dd . IIIprm:lplo. ' ....un l lllllldme1 for 6dl
eUi or pmct .. 10 the JIOIntof .... tarnorpbou could be used . Parental eJ.PO'lll"
IS like...lSe POSS;bIe. tbOU&bpro,ocols ha'o'CDOt yet bcal ..-oded oul ,n I
su.ndar-d~ ..... y.

For ccmpleto:-life<ydc 1£IU, the UJXl'lII1' II _ likely 10 be.~ in
""Ier_Tbc eo;poP'l'O sboWd start flUll Idulu (1CXtIlI1"",rurity ) aDd COIl""'"
un til the 6nl painn l aI\n meu.tllOfPboA1III the I<ICClDd.....,ntion.
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For pattiaJ -life-<:;'CIe tests. adults should be e~posed via food, water or by
'n)ection. an<! the number of eggs and percentage of rert ile egg' dete rmind ;
embryon ic d" ..lopment. percentage of egg. hatc hing and sun'va l to
melamorp hosis shou ld be monito!"ed. With ~pect to early.life.-history tests.
methods 'imilar to standal\! fi'h tes" could be used . For amphibia n" ea rl}' life
history . hould also in<lude the meta morphosi' and the postmetamorph k stage
because they are typical for the group . A proposed test i, the inhibition of
spawnilli as ~ribed for £'h . Test end·po;nts would 'n<lude de lay in
mat urat ion . inhihition of ,pawn ing and redll<:1ion in the number of ew
produced per female.

4.5 CO "'C LUSION S AJ'IO RECO :l-I;\I [ I'O ATlO NS

(I) For both birds .nd fi>h there are good to,;';'ologital test method' but
detail' are "ill lacking in many case' . Sy" emat;';'application of these tests and
oomparison of results using a variety of pollutan ts are n«:ded.

(2) Some stud ies of cytogenetic etTeetsof po llutants ha"e been carried out for
both fi.h and b,l\!. but not fuliy evaluated. C;logene tic method ' ,oould be
de"eloped and criticaily asses.scd. The desirab ,bty of incorporatmg ,ueh tests into
stand.rd to,ieologica l procedurtS 'bould be con,;d.-red ,

(3) Field techniqu es for .ssessing the etTeetsof polluta n" on bird. a re well
ad.-ar"",L Su<:h technique, 'hould be impro"ed and fur ther developed for fish.

(4) Multigeneration studies for possible bui lt·up of resi'tance a nd for
cumula tive effects sho uld be included into . ta nda rd te, t , for b"d' and fish
~au.. ineroa,mg damage has been ob5er. 'ed in the second and third gene­
rations of sorne species,

(5) The relation,hip between ,hon·term ,eslS and complete -bfe--cyele tests
'ho uld be investigated .

(6) The relevance of reproduct i,.. toxic,, ; tests performed on selected species
to the 'urv,val of popu lations ' hould be "u died.

(7) Testing for the etT""" of chemic. 1son rept;1es and amphibian< i' ;n its
infa...,y Test procedures 'hould be d" .. loped for representa ti, .. spec ies of t hese
two classes, A fre, hwa' er turtle . a lizal\!. two spec.. , of an uran, and <>no'pec; es
of urodeles are propooe<!,
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Metbod . 10<~ 'bI: Elf«\> ofo.:,."' !10" Roprod..c" "" Fu"" ,"""
EdilN by V B. Vouk . Dd P. J. Sh«h>.u
C l '1l!J SCOPE

5 Invertebrates*

The inwrtebra te phyla con$li,u,c an cxlraordinarily dive"", vanely of or­
ganislllS.ranging from lhe simpk 'pongs to complex artllropods such as in=ts .
and occupying every habitat · marine . freshwater. lerreslrial and aerial.Thl:y a",
also extraordinar ily numerous . constitul ing by far lhl: major ily of described
animal ,pecies. For example. ,he cla.. Insec", alone represents more lhan 9(t~ of
the known ,peeies of animal>. In tenn S of tolal numbers they are equally
impressive: there are ""limated 10 be JOOJlOOindividual insects alive for e'''rr
man, ""oman and child on earth .

But it is nol simply their numbe'" which render m''' rtebrates imponan t to
man. although lheir dom inance alone" sufficoent10 warrent our aUenlion
In"en ebrales playa crit ica l 'ok in se,'eral components of our ecosyslem. Coral
leefs ""''' lhe" existence10Cnidaria, Nemalodes are an importanl component of
our soil fauna . Cruil""eans play an ,mportanl role in aquatic and marine food
chains. Among the polychaele worms. a dom inant group of intertidal and
subtidal!:>ollOmeommuniti"", some ,pecies may se",'e as impona nt indica lor ' of
pollutIOn. Pulmonal e sna,ls and insect<serve as intenned iale hOStsof ,o rneoftbe
most tmportanl dtsea.. , of man and his domeslic animals such as sch"'o '
$Omtasis. malaria and ,leeping 'ickn .... Invertebrales .. "'" as food for human'
and pollinale our plants. At lhe same lime other in"e nebra tes destro y ou r crops
and rffiuce lbe quality of ou, Me. In' '' rteb rales lllus represent an importan t
component of all ecosystems of our planel. and interact boIh directly and
indirectly witll man, alfeclini !:>oth hi' health and tbe renewable [esources upon
which his existence depends . Thus. lhe effect> of chemicals on tnvertebrale
reproduc tion is of vital interest for human "" lfare.

In 'h i, report reproduction is ddi ned as lho.. processes" lIichcontribute in a
direcl way 10 lhe production of vtable olfspring. [{ is recognized lhat many
de\ 'elopmenta l processes might Ix regarded as conlribut tng tn an indirecl way to
reprod ucuon . in the s<ns<thaI all physiological and d~,'.lopmen tal processesare
direcled ultima lely loward, reproduclion or su,vi",1 for reprod uction . Ho" ," " r,
,he Wor kgroup elecled to be more restricli"e and has co""e ntra ,ed o n lhose
p,oxes... which impinge direclly on lhe produc'ion. releas<, and bnnging
loge'he[ of lbe gametes in order 10 produce a ,'iable offspring capable of

•TlIi,""''''''.....~r«! by. Wo"' JtOUp, ,,,,;r«!byV. Lo.Mo.n.. ,, _u , wa.K. G. Do",• .
• n<!...... b<" ~~'" Il<rtil A. """,. D. R. Du oo. B. v Leo.. . n<!0>;;", ~.",,,.
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de",lopment towards the adult "'l'Toducinl form. A. bas been made clear
els<wM'" in this report , our know~!" of lbe:;c:prl;X;~ rsrudimemal"} for
mlUlYllIxa. This 11IC~ of ~nowledge should n<>lhe misla~en for simphe1\Y; as
researcb pr<><:«ds.it is becoming clear that ",produc1i"e processes In many
in,..,rtebrate llIxa are compa",ble in complexity to those in ,..,rtebra\e$.

In _~ing to identify organisms from among lhe myriad of forms w'hicb offer
1hemselves to he used as potential \e$t species, tWOsoru of criteria apply _On the
ooe hand are minimum ",,,,emial characteristICSw'hicb sucb orlllUlisms must. in
the short term. display:

(I) The organism must reproduce in such a way that it isP<>Mibleto obta,n.as a
minimum requirement, a quantitative d""'"plion of the product;"n of viable
offspring.

(2) Tbe <>rganismshould be representath.., of the community or ecooystem under
scrutiny.

(3) Tbe organism should be capable of being reared in the Iabora10ry
conveniently and ine,pensi,..,ly,

On the other hand. there a", some desirable eharactmllics which such a teSt
organism should he capable, in tbe long run, of displayinl'

(I) Tbe'" sbould be a "'tber complete description of the reproducti,.., p~ at
all levels. At the ''''ry least. the'" sbould exiSl the capabi~ty for obllliniOj tbi.
information.

(2) The'" should be scee confide""" that the response oftbe selected organism is
in some way predicti' -eof the response of that and Otber "'latro organisms in
lhe 6eld.

(3) The food source used in rea ring the orpni<m$ in the laboratory should
p",ferably not itselfbe alive. The potential in1eraction ofa ~vinll food source
w;th the introduced chemical wi IIcomplicate tbe interpretation of an y resu III
obtamro.

The strict observa nce of even the minimum criteria for adoption of a lest
organism imposes seve", 6mill on the number of organism. a""ilablc for
selection. Be<:ausetbere is no prospect for ea.y cultivll1ion in the laboratory or
because they play. limilro or cryp tic role in the ecoo)'Stem. Porifera and the
pr01o<:bordates are eliminatoxl from coll$idera.tion. Parasitic form. will not be
con.iokred. and Echinodermata will be dealt "ith as a special case.

501 FlELD STU DIES AND k"A LYS ES OF
F1E:Ll).COLLE CT ED MATERIAL

Gi,"eOthe difficulty of euhi""tinll many of tbe ecololliocaJlysignificant .pecie$ in
lbe laboratory. methods for assessing reproducti'.., fu""tion in the field .... ume l
partiooular importance . Such studies are especially ..aluable where a comparison



l" orrtebralrs "is made belween a pollu ted en'ironmen t and one in which pollulion is minimal or
absent, or where lhe >Iudy is conducted alo"3 a pollution gradieDl.

Because lbe general field of reproductive ph)~iology of in"ertebrat .. i.
underde' .. loped compared "ilh lhat of 1I1OOtvertebrate taxa. t.. 1S for the
....... men' of reproductive function " 'iIl ha, .. 10 rely on morphological or
hi.tologicalcriteria . Biochemical a.... Y' are stillover the horizon. Even in insec1S.
where the endocrinology of reproduction i. perhaps best und"S100d. and where
more than ten different hormones are envisaged as impingini upon the
reproduOlive process. only Ih= hormones ha,. boon fuUy characterized,
and a reliable radioimmunoassay exis« for only one of'hem. In those organi""",
in wltich a vi'ellogenin appea .. in the blood. a quantillU;".... ,imat. of 'ha'
protOln, obuuned perhaps by an lmmunoa .... y. mIght )'ield a good Index of the
reproductive function of the organism

It IS important that histological ...... m.nlS he quantified, This can lake a
number offonm.such .. the percentage of indi'-idualll in wltich the jlOnad.can
he amilled '0 '1IOOu. accepted gro"1h "ail"" . A more rigorous approach hu
been referred 10.bo,,·here (Dixon. 1983.tm. volum.>. By usini a Weibel leSt grid
.uperimpo!ied on randomlyocl<cted sections. an ..umate of the volume fraction
occupied by '·ariou. tissue compoDenlS in the gonad of My/ilw .dw/is can be
derived. and can he used a, a numerical ind.x of reproductive fUllClion.This
teelmiq"". which is relati, .. ly rapid and ,usceptible 10 considerable automation
by '1Inn", oommenoially availabl . image anal)50". de.erves 10 be elaborated
upon and standar<lized "ith a "ie'" to a more general adoption .

Histological examinalJon of in""t gonads has . Iso bttn widely uocdin a
variety of "11)" as an ind•• of reproducli"" fUllCtion. For .""mple ... t.... i""
studi .. on til<:eff«:t. of cll<:OlO'terilan\$during til<:Ia.t 20 yea" ha ve invol"ed
histological characterization nf lesion' in the gonad •. other reprodUCIiveorgan.
and embryos . Ho .... ver. no .tandardized.quantifiahle .. t of1e51Sha.emerged u
• candidate for possibk adoplion.

C.ges of particular in, .. n.brttt •• pee... . placed in polluted . od unpolluted
naturalenvironmrn" or .Joni a pollution gradient mlj.ht provide quantilative
information about roprodueti'. fUll<."lionin a qua,i ·natural en'ironment free of
the effects of competition and predalion (Reish and Barnard. 1960j, Similarly.
endo.ures ha.... bttn uocd 10 COOOUCIquantitative OIudies on manageabk
ponion' of an """,,) ..Iem which can be manipulated in ",riou5 ,',aj"S(Kenison
e,a!.. 1980).

5.2 LABOR ATOR Y STU DIES

laboralOry otudies will. in the inle''' ''' ofstandat<hzalion and becau .. rolaln'ely
few 5peeies are ~"ailable in \be laboratory. be confined to only a handful of
opecies. Inevita bly. SOme.peei"" may come to be considered ... 'model opecies'
for a taxon or a babital . There are danger! in such a Situation and it ioimponam
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to ~ c"' ar aboul the predioCli",value of sl>Ch5ludi... When a chemical has been
\lIown10MIl:anenecronreproductionofaspecesina laborJlory('U1IUre.l~

only facl about which "-ecan ~cenain iSlhat the chemical affCCls lhat species; n
the laboralOry. There is a relativdy high deVOOof probabilily Ihat a similar dfecl
would ~ noted in that species in lhe fidd. bul the reliability of slI<'ha predi<:uon
,,'ill docre.ase " 'ith tho comple~;ty of the ocosySlem in which tho species e~i'l!

naturally and with l~ tuonomic distance of potential torgct species from the
ten .pecies. Compromioos are probably acceptable when a chemical ,,'ith a
pronouro:ed df<ICtis inVolved. However. when slI<'hltsIS are ul<:>das SCreensby
industry or regulatory agencies. tlte meaning of a margiDaI dfect or the absence
ofan t:lfoct hocomos important Few 'd entists would ~ willing to say that the
absence of an t:lfect on. for example. Daphnia predicu ,,'jth a hiih degree of
certainty tha tlol>nersor terrestrial isopods. let alone annelids. "ill be unaffected,

Tbose considoralions imply that 50,..,..1teStorganisms from each of the major
taxa would bedosirabk:. While manyof,he im..,nebr"atephyla are predominanlly
man"" d".,llers. K'o"01'&Iof u...ephyla also conaID Freshwater or terrestrial
momhers. and il ,,'ill be imponant to idenlify potentially useful species,

The condit;oos of the tffi require some ge""",l consideration. Under ideal
conditions in a laboratory monocuhure. 1O!it organisms are nol subject to the
$arne physiologi<:a.1and environmental stress as all: wild population> . [n the
interes.. of uniformity. non.. tressed animals are probably pref<rrnl. but the
possibility of paral"'l or subsidiary t<s.. using "ressod animals ncods to ~
considered.

Tho method of application of the chemical may requill: special attelltion. For
marine and aquatic orpnisms the chemical needonly he dissol>-.dor ... spended
in tlte medium. and its concentralion maintained. The concentration of ,he
chemical may be maintained by a Dow.through system or by moll: Or Icss
frequent addilions. In such a situalion. tho organism may acquire tlte chemical
nol only througb its .urface. but also via tho food. For terreslrial orpnisms ,he
method of application;s more comple~. The chemical may be mixed "itb ,he
food orcoaled on the surface of tho cOllumer in " ''''''b the organisms aK Kared.
Whore a single non<hronic .. posure is acceptable. a sin&!<application to lhe
surface or an injection may ~ appropnate . Appbcation i' further complicated
when a larval fonn inhabits a diStinctly dill"erent niche from the adult form. as
..itb many insects and sedentary marine invertebrales

Many variables could ~ measured in the laboratory . Ho ....",..,r. ii,..,n our
definllion of Il:prodL&Clionarid the rolat".,l y uriderdO'-elopcdstate of tho field. the
basic ,."riabk: to ~ mea,ured 'hould be tho numbor ohiablo offspnna produced.
Where tho mode of act",,,of a panicul ar to~icant hocornes important. the
reasoos for alteration in tho basic rat. of ro-prodl>Ctioncan be sought by
......minlna the vario~, orpntZational and f~nctional le", ls as pointed out
.lsewh er. (Da".y u al.. 1983.this volume). Unifonn melbods for makin g sll<'h
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diagn",,", do nOI yet exist . and the potential ""ilab ility of such methods will
vary from taxon 10 taxoo . Jn ~ few instances, when >elected component. of the
reproduct ive proc<st can he studied in the laborato,y, it may be necessary to use
,pec ie' whi(,h ~'" readily .va ilable but not capable of being reared in the
labo ra tory. Thesewill he mentioned in the fol1owi!13discu .. ion of the major
taxa.

5.2.1 PJatl b.. mlnt ....

Allhou gh Ih. free-living lIall.."nn, such ai the {urhellarian, are easily raised in
tbe laboratory . and allhougll we know somethinll of their reproductive
physiology . it is not recommended that this group be given a high priority al lhis
Ii,"" , on two groum" Firs t, the group is not regarded as occupying an important
position in ecolog;c.1 terms. Se<ond. the.. are some practica l diflkuhies to be
faced. Turbdlaria". all: carnivores and frequently cannibalize one another.
Gi"" n that lhey rq>toduCC by fissipar ity, this represent. a major potential
complication . In add ition. they rna}'ref~st to eat contam inated food . re<ult ,ng in
a cessation of reproduct ion and a reversal of growth.

5.2.2 Cnidaria

Colonial h)'drolds such as Ei",ne 'iridula (Karbe. 1972) aoo Campanularia
jle""a sa (Stebbing. 1976. 1980) ha, . heen used as laboratory te<t organism, and
are among the moot stns;ti"e . Effects on colo ny growth rate< and proportion of
gonozoo,d, of the total ro lony members can be easily quantified . In c.j1exuo ....
gonolooid rl>nnalion increased at contaminant concenttatil>n, oflc n a5 Iowa.
c 11'&I (Stebb ing, 1980),

5.Z.3 AliChelmlnthC'J

Sa"", iloff el ai, (1980) devell>pcd • procedure fl>r a,=ing the effects of
chemicals on the development of and ,he mutat ion rate in 'he nema'ode
Panagull"" ",dM"",. Although ,he amy as presently o",tlined does 00'
specifically mea,ure reproductK>Ra.defined here. the method w",,1d require only
minot modificat ion' in order '0 be able to asses, the effects of chemicals on
numbers of young produced, Houe, ·er. we koow little about the basic facts of
reproduction. so tha t further anal)-sis would not be possible for the prestnt

Anotn.r aliChelrniOlh. tbe part~ogenic freshwa ter ganrotrich upid".
dermelfa ",,,,,rnmala. has been used in a novel approach to tn. question of
chronic toxic ity testing, In effect. using .ingle I>rganisms. Hummon aod
Hum""'n (1975) and Faucon and Humml>n (1976) have constructed life tables,
Such an approach is 'cry time consuminll but llenerate< a great dea l of datIl.
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3.2.4 Annelida

, .2.4.1 Polfth""'"

R.,,~ntaljves from "",,, ,,, I impo rtanl polychaete familie$ (Capi, ella capi,a,a ,
N"anll,.,. arenacclXhn",'o ,Ophryo'ro cho) are a lready recognized as .u itable Ie"
o,gani sm>. Whereas the e/feelSof pollution on off.pring numbers and viab,lity
a.. the pnmaryconcern in the p..... nt con",xl. it ISnow possible to quant ify most
, Iag« ,n ,eproduction. i.e. gametogen""i•. egg and sr<rm abnormallt,es .
ferlilization , ferlilily. fecundity. developmental abnorma lities, Ian,,1 mortali ty
and recru,tment. Akes",n (1983, this volume) reporlS""''',,a Icase , tudies w'hioch
,nd;'a te that lbe 'no Inxi<:elfect Ie"..,,' (Hooftman and Win\:, 1980) for variou,
reproduct ive .tage. in tbe group a re two to thr« orde" of magnnude below' IN
recognized 96-hour LC, . levels. Thi. emphasizes IN $en.itivity of '''pon$e
associated with this type of approach, Tbe t""U can he performed 0'''' a , ingle
reproductive cycle or extended to include seve ral generalion, . Semelparou.
speci., (reproducing only 01>CCin lheir lifetime) a.. less .uitablr: than are the
iteroparou•• pec;'" (breeding several times each lifelime) for long-term test,
wherelhe individuals a.. ,ubjecllo prolonged exposu .... , In thecase of the lauer
,pec;"'. the experimental condition. can he extended $0 that tn" .... ult, can be
analysed by life_tab'" techniques. and thu. provide a connection 10 popula tion
dynamics and, consequentl y, 10lbe field situat ion, Ahemat ively, specificaspect>
of the .. productive q ",1eof some specie>may be ustd for Sludying the act ion of
cn"m;'als and it' comeque""es,

0 .... recent development ha' been the ,ntroduct;"n of a new' test specie>of
polychaeles, the serpulid Pomoux:erOJIrrq... ,er (Dixon. 1981). w'hose embry",
are excellent materia l for cytogenetic toxiocity lest,ng.Thecells of the embryos are
larS<'and contain chromosomes which are less condenstd and, consequently,
larger than at any other >lagein the organi.m 'Sd""lopment . Pomotrx:cros ha, a
kaf) 'Olypecon,i'ting of 24me~ntric and submetacemric chromo<omes, 11isa
broadcasl .paWl>erproduc ing large number$ of gamet« w,lho ut tn" mar ked
""aso nalily which is generally a'sociated w'ith gametogenesis in other group>.
The"" featureologelher with tbe worm'$tokranl' e of aquari um cond\t'on' ensut\:
a cominuoU$ . upply of gam~te< for artificia l ferl ilization to pro>'ide suitable
<robryon", maleria l for c)10genetic and toxicological in".., tigation •. Aspects of
the ecology and ph,... ology of Poma,ocerOJ- iu stden ta,y filter-feedilli babil,
"ide local (euf)'bath",) and grograph",a l di>1ribution•• and tbe abitity to
wilh' tand significant reduelio'" in salinity- eohan<:ethe utility ofllii s . pecie. for
environm~ntal monitor ing.

A few asexually t\:prod"",ng polycha~tes are nowavailable as leSlorga ni>ms.
C,~nodriJ", se"at ....has been uoedby Rei. h and hi. collaboraton {Rei$h, 1978;
Reish and Carr, 19(8). A new do,vill~id species wa, recomm~nded by Ak.,son
(1980) who al<o d~ribcd those fealure< pat inent to its ",1<Clionfor tox",ily
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studi~ , An impona nl feature "..as lilt ability to synchronize III<reprod uctIve
Slales aod the d"".lo pmental and physiological condition. of clona l popula tions
of this specie$ by ,i mplo laboratory man ipulat ion.

5.2.4.2 Olig<Xhaela

Tilt oligOC"hacl<$ , b«:a u$Coft h<ir bUITow;ng h ab it. a", in generalles' ' u itablo fo'
laboratory nud'oN of chemica l {",icily. Howevef. a few spocies need to be
ident ified as po .. iblo lest organ ism. in ,..ow o f lhoe,mporu""" of (he group bolh
in lho soil and in aquat " , freshwater an d estuarin<env,ronme nlS. These are : the
terrest rial marine worm, £i.snliIJ IMlida , which" alrea dy maintainffl in large
n umbers in labo ra tory cu ltu res (e.&_Da les. 1978) ; t ile while worm, EttcnylrM"'.
now raised commercia lly a<a fish food . and the fresh"" t., blood worm, Tubifex
'I'. for uso in aq uatic studies .

5.2,5.1 CrusllJua

This is a dive~ class within lhe phylum Arth ropoda . occupying promin<nl
po"il;OM in marine. freshw. ter , and, to a lesser degree, soil environmen ts, In
~nicular Crustacea occup y important positions in food chain' in marine and
freshwater environmen13, and of course the decapods .re econom ically impor ­
tant in commerce ,

The OEC D (1981) guideline>for testing the effects of chemicalson the fa miliar
D~phni~ mag"" are e~cel le nt and may serve as a model for the develop ment of
~im;lar guidelines for othe r organisms, In pa n icula r, these pl'OCCdures shou ld
pro"e salisfactory in tests involving other small cru stacea. such as harp.acticoid
copepods, thus e~tending the range of lests to include marine cru stacean,

Ter restrial isopod> such a. Oni""'" are importan t compo nents of the so il
fauna. and can b< reared in the labora tory (Steel. 1980). It would be useful to
de,dop [esli ;m'olving these organisms . especially 'i nce some of the facts of
reproduc tion are now becominll tnmlin .

Because they have an extremely long generation time, there is ~It'" point in
con sidering the decapod$a$ potenlialteSl organisms at tlus time. How~ver. in lhe
crab Parh,-grapsas IT=~'. exposure to environmental chemical$ destroyed
matinll behaviour (Kin redge er al. . 1974). It i. possible that tim might form the
basi$ for a qua ntita tive assa)', bullhi> should not have a high priority.

S.2,S.2 1'lS<r:1~

The da"" 1=U! p""", nts us "'ith .n embarrassment of rid ... by comparison
with the other la,a in this section . Many , peeies are routine ly cultured in the
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Iaborato,y and rom< haw b« n tn. .ubje<;tof ac1.Itetoxi<:ity1e$1>. Almost all of
these represent potential test organisms whlch fulfil most of tlle minImum
re<juirememsoUllined in the introo ueuon, In addition, for Kver~Ispecie>, the
basicfacts of the morpoology, physiology and endocrioology of the reproduct i' ..
system, p.lrti<:ularlyas they apply to the female. are becoming hown . 11shouk1
be possible, therefore . to an.al)'~ the ph,',iological changes and their morpho .
10gi<:alconsequences in.ol",d in di'tu rbanctS caused by chemi<:als.

There are . ho",..,.. r. some special considerations. In some orders, the la""e
tend to occupy habital> whieh are quite d,ffercnt from those of the ad ult
GametogcntSis at least i' not limited to tbe aduh stage, and is fre<juently
complete by the end of tn. pupalstagc . Insects are g<nerallyquite cOllSCrvati.e in
tenn s of the physiolopcal controls ""hichare imposed on reproduction, so lhat it
is possible to male some generalizations ",'hieh apply to lhe broad majonly of
insc<lS. Ne. en helcn. lhere are "gttS that some oflhe Diple .. rna}'ha"e a:<tt of
endocrine conlrols whieh differs markedly from thai of othe r insects. While a
llood deal is .n o ",n abou t the female, less i. known abo ulthe male. Finally. there
is no single ,pecies in \I h:h all of the phenomena impinging on reprod""uon ha"e
b«n adequately desc"W . The<econsiMratioos suggest that a number of test
spc<;ies sho uk1 he dC'o'eloped Such species are lisled together ""ith their
ad"an tages and disadvantages . It is important to point ou t that while no lests
e~i'l which specifically focus on reprodUClion. the many sludies on the effects of
chemo' teritan" on the in,..,' gonad and embryogenesis provide a good ba,is for
furthe r Slud... (Landa. 1983, this .o lu",")

Museu domesllco. the common hou,dy. is probably the insect of choice for
basic screening of the e/fecls of chemicals on reproducrive prDCt'Sses. It is easily
raisc<i. genetically defined mai ns are ava,lable. and it has heen widely used in
to~icological.\Udi",. In addit ion, the physiology and histology of the d" .. lop­
men( of the gonads is ""ell .no\\".

PJrrhrx:ori.<0plcrus. a hemipte ran which feeds on the seeds of the lime tree,
Tilio n<roplUia,at><!whichcan be easil)' reared in tbe labora'ory , ha' been widely
used in studies on reproduct ion (oee Landa, 1983. thiS volume). This insecl
provides an example of a phytophagous species in whieh lhe development of tbe
ovary is well xno""n, In addit ion, its embryololl)' is well . no \\" and .. '
determina tion occur< later than in other insects,

Rhodniw proli""•. aWlber hemiptentn, kcds on blood and is a "eclOr of
Chagas'disease . It has b«n widely used in studi« on reproduc tion for O"er SO
years and it iseasily mainta ined in the Iaboralor y. Al'hough Rhodnlushas a lonll
lifec)"1e(at least 15 weeks), it has some ,pec,al advamages. A grcatdeal is .nown
abou t lito rcproductj"e endocrinology of the female and it is lhe on1)' in,..,t for
which there is informa' ion abou' the endocnwlogy of le$tiodC\.. lopmenl and
the physiology of semen transfer, Moren' .. r, en production can he !ughly
quan tified (Davey. 1980),

Aede. oqJpU is chosen oot only a, an example of an insect of health
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,mpon arocc. but also as a repr=nlat;". of aq uatic in= .. . .\1o= >'er . genetically
defined strains .xi" and the World Healt h Organizat ion has guidelines for
lox;,,;ly !~\Ing on larvae and adulU (WHO. 1975). The<e ad",ntages o utweigh
lhe disadvan tage, of t il< need for a blood mea l ;n order to prod uce eggs.

A> a repre"" ntat iv'. of 1<>"'or in= ts lhec oclroach. Uut opJwrn maderae. has
been selected . Alt hough its deve lopmenta l c;d e is re!at;,.. ly long, a "ery gRat
dea l is kno,, -n about reproductive process.e, in the female (En gelmann. 1980:
robe. 1980),

Ot"" r ,n>telS are a lso ava,lable, Lepidopt era such as Spodoplero lilli>,olis a nd
store<! produ ct beetles such as Du m.. ,.. or Trogodnmo hav'. been widely uS«!
in _Messing the damage from .hemn'teri lan.. .

Few if any of the i=lS mentioned above could he regard ed a. occup ying a
central posi tion ;n their biological commun ity .They have been cbo>en primarily'
bocau$< of ,hi: eO$<WIth whioohthey Can b<:ru,, :d Mid tho k"" wl«l l\!' which 1$

a,.,. ilab le .bou lt hoir reproduc ti, 'e fUnClion , A long-lerm object ive includ.. lho
idem ificalion a oo de"elopment of i= t mooel' '" hich ",-ill",",'e a, more offeclive
ecolog lCall1ldica tors .

~2 .6 ~ lollusoa

Tho b".,.I,. mollusc. are lho mar ine ,pooi", which ha,-e Itte" 'ed lhe moS!
anem ion . Man y are of economic ,mporla """ as food o rganism' fo r man or his
food .pooies. while being dominam both numerically aDd in terms of bio"," " in
aquatic communi ti.. , A l. ri e Dody of information exi. t. conce rning all aspects
of the biology of lbe f.m ily Mylilldae (Bayne. 1976).

MyriJusedulis, the blue mu,sd and Dear " lat ,, '!'s. has l>«n "' lOOted a$ a IOSI
o rgaoism fo r a num ber of pollu tion-orien ted, interna tion.1 programmes of
r... a",h includin g 'Mu'se l WalCh' . In ",hich lho abil ity to bioaccumulate
xenob'Ol ic compound, in lheir li"ue, i' being exploiled for chem""' l m nnon ng
of lhe mar ine environ ment ( Ba~ne . 1976: Go klberg. 1978). Selection wa, based
on tbe rtCOgnitlon of il$ important ro le in marine food chams . c" upled wilh a
filler·f""d ing habit, cap acily for biQaCCumulating toxic agents from oe.water .
world -w'ide dislri bul ion and con' .. nient size for expen menta lion. An addi tional
advanla ge of th... org an ism, i' their phy.;"log icallolo:ranc e of redu ced salinity,
which i' exp.... sed in lhe ir wide nal ural di.l ribut ion thai extend ' fro m brac ki'h
environments 10ocean ic condi t;"n•. Consequen dy, • g"'1 dea l i, \;now n aboul
bi". l", moll u... , probabl}' more than for any other group of ma rine in' -erle­
br. l.. . Mat ine mu, sel, ha"e pro ,.. n reproduct i,'e sens itIvity 10 'Ublelhal
chemical pertu rbal ion. in lbe ir environ menl , whicb become' exp"" sed at
dilf=m ,tage< in lheit developmen t al dilferen l level. offuncl;"nal and cellular
o rganizat ion (Dixon. 19S3, this volume).

In eonlr"'l . gas tropod ,.re l\!'nerally Icsswell underslood witb re' pooll o the
effects Clfcbemi: .ls on rtprodUClt\'. function. In the marine enviro nment. our
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knowledge i. mtri<ted 10${Irneparticularaspeo:;1Sof the reproduct i,'e proee>sin a
'~ry few .pecie>. Tho", that have been stud ied do indicat• . however. that wme
pre", nt ....search method' a.... likely to d.vdop into usefult .. t' for application
both in the labora tory and in fi.kI monitorinll . This applie> particular ly to the
embryonic d.velopm.nt of Urtorino Ja:wtili . in ....lation to a pollution .~po.u ....
mod.1 rekrr«l (0 in tne paper by D. R. Dixon (1983. (hi. "olume),

More is kno"ll about the freshwater ll".tropod specie, and particularly such
pulmonat.s as LyrntliU'o SlaglUlliJ. Physa acuta and Biomphdlaria gld>rOtd
(Ravera. 1977), Ad,'antages of (hi, group include: ea.y and i,.. , pen. i, 'e rearing
in tbe IaboralOf)' of large numbers through a large number of gen.rations: hillh
ferrility: year.ro und reproduction. mean life 'pan of about 2 years. high
hatchin g rate. rapid ",xual matu rity (3- 4 weeks following hatching). and
hermaphroditism "'ith male and female ",x cells in tbe same llland (ovotestis)
(.ach ""o;v,," rbe ""me t....a tment). Otber advantages ,nclude their well.known
reproductiv e phy.iolo gy; the possibility of using either natura l or artificial
CQn,htion,for reproduction and d..... lopment; and w.lI-documented embryoni<:
d.v~lopment which dosely parallels that described for Liuorina. althoullh in
these fresh,,"ter forms the d",~lopmenl occurs outside tl1<:adult in an egg
capsul. which i. laid ncar the food ${lure.

As mentioned abov~. fresh""'ter .na ils include a number of important disease
"colOrs. Bwmplwlar;a g;obrola .houk! be mentioned here in panicular . ince this
is the int.rmedia te oo.t for the orpnism Sch iJ/OJoma .

Reprdinll "'ositivity 10pollutants. studies ha'e shown tbattbe reproduction
of fTClh""'lCf p",opod. is .xtT'CTtICly$Cn<"iv~ 10 a ...arir:t~ of dv:mical agents
includ mg heav~ metals and deterl!"nlS (Mar",ni, 1977: Ravera, 1977). Sc,~ral
test method. relating to reproductive function are available. The'" include
histological cbanllCSin the ll"nad. fecundity (e~pressed both as egg numbers and
viability) and fertility, One final advantage oflhi'cla" appealS to be the relative
insensitivity of their reproduc tive function to natural " .... 00.. such as reduced
oxygen t~nsion and high orllanic le"el, .

5.2.1 E:chi....... , rruo.ta

It is ,>,<,rydifficult to raise e<:hinodcnnsin the laboratory. and this phylum woukl
normall~ not be cons,dered further. Ho"~'·cr. the pmel .. of ",a u"'hins are
ea,ily obtained and have been "idely used in studies of the ph)siolollY and
biochemi'try of .permatozoa, of fert,li2at;on and of eady d~ve!opmenl. There
have been some e= llent studies of the eff""t of toxicants on tbe llamete (Dovey
" 01.. 1983. this "olume) . Because these studies may have ",me llCneral
appli<:ability in ICTmsof scrttni ng. i' is impo rtant tllat a $tondardized tesl be
cstab~shed . Becau.. nOon. speo:;icsof sea urchins is distributed throughoutthc
world ... ""ral .pecies will have 10 be used,
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5.3 CO NCL.USIO"S A." D Jl.OCO .\I .\tE NUATIONS

(l) Except for some anhropod. (Crusla<%aand ln SlX"UO). nematodes and a
marine aoneb<!. t .... , . are DO proced ure< a vailablo allm.tirne v.'hich would be
,u itab le for adopt ;on as rapid and COSH:tf<:ctive ..... l'" of reproduct i,'Cfu",:1;00
in any in"ert.bra~ phylum.

(2) Becau.. of their imporumt 'ok in ,,",osy'l<cms.there isa pa n icula rly urgem
n«d for 110:d• ...,lopment of ...... ).• of ", product;'-. fU""lion in .Ilt followinll
group., marine Cnidaria . soil organisms (anndi<b an<l a rthro pod.) aDd gas­
tropod mollusc.

(3) The d.'-elo pment of statldard .... yo capab~ of assessing reprod ucti....
function of invntdmn es in the fidd should be given some priority.

(4) T h<cde,-clopmcnt of reliable and adcqua~ assa}"Sis ImpMM by tbe
",arcily of de tai1<rlinformation on all a'pects of reproduct;y e function In

inverteb,at .. . More bas ic r=ar<:h in lhi. area i' urgently required.
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e I9@JSCOPE

6 Higher Plants, Algae and M icroorganisms"

A .up<rfic:ial ",view may t .. ,.al ""me features common to higher planu. algae
and microorganisms, such as pho,osj'tl'hesis, bu' fundamentally 'here are ""
many major differenc... be,ween,~ group. 'ha' 'his seclion of ,he reporr had
'0 he d,vidtd Into two ~parale pa"':

(I) higher planu. and
0/ moc:roorgan.. nu, "",Iuding algae

A' a eon"'quence lillie di!icussion is d,,-oltd to macroscopic algae. auenhon
being dirttttd pnncipally toward, lhe unittllular members of this large group of
orpm.m •.

6.1 HIGHER P I.Ai'T S

The ,.nn 'hightr plants' i!>Clud.. ma", than 1~,lXXl species in tbe di>'ision
Spermalophyta ,,-hichcomlilulC a major parr of Ihe carrh's ",.ih\(, "egetalion in
the form of tlttS . 'hrubs and herbs, and contain. a major portion of lhe specie,
used for human food, fibreand f"""try product •. Reproduction in highe, planu.
de!i.ncd in an ,,'olutional)' Or ecological sense. is lhe numher of reproducing
descendants gencrattd by a """' ... eilher ~xually or a~xually. Thi. broad
definilion i. nee.... ')' beeau'" higher plant .pecic1 differ greatly in the length of
lifeC;'CIe, and chemicals inlroductd al any stage of their lifec}'C1ecan ultimately
alter reproduclion.

The selection and <!c>-elopmentof accura te a oo meaningfullC'" require an
uooerstanding of the d,,'e,..ity of hightr plant .pecic1. the di>-erse biological
effectskno...-n10be produced by a large number of chemical•. the specie<--<hemi­
cals In=tlOn •. and the eff...", of tn. em 'ironment on both rte speci.. and the
chemical. Differences bel"een a nd within .pecies in morphologic al, physio­
logical and genetIC chametenst;". and the environmental inft~ro::.. on the
expr... ion of these ChantclCNtics aile, the response to a chemical. A wide range
of organic and inorganic cbemicals is known 10 change plant growth. develop.
ment and reprod...,tion. and tbeir effect<art modified by' numnouS cn>iron·
mental factors. At this degr« of complexity. Inc d.. ,.lopment of such multiliered

0l1ld ""bOO .... prepor<olby • w o<t""" p <haired by 1 H Sla..,. .\t emb<.. were "''''' J<D>e<l
(",ppo",ur).od Po"] L, pf.~"'r

'"
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assa ys as are uS«! to predict the mutagenIcity and carcinoge nicity of chemical
c<>mpoundsto human sub.io:tsis not reasibk ro,plantS (Epkr n 01..1978. Heath,
1978).T~ rapId assays are based on the apparently Cor""" assumptIOn that
anycbemicalthat "ill induce mutations and orchro~maldamage incenain
microbes or mice will irouee similar clf...,ts in humans_ In higher plants . possible
elf...,.. of cbemical pollutants include mutations and chromosomal damage a nd a
wide array of morpboklgical and physiolopcal alteratio ns which depend on
species and environmental factoTSand can ultImate ly alter reproduction . In ;'i''''
tests in,,,lving isolated enzyme systemS or organellt$. sinlle C(:11""lture< and
selected plant tissues- whichare of particular ,...lue wben a quanlltatm, measure
of a specific re<ponse.uch as inhibition of growth. photosynthesis or respirat;on
is required -are s<"ertly limit«! in ,he" predIctive value for Intact. integrated
plant systems silXe a far too narrow definition of biological act i' ·ity of cbernicals
isoften impo>ed(Sagge",. 1976).Liule isknown about the rela,ionship be"'~n

in ";tTOar<! ;n ";'0 plant re<pon>e$and . as a resul,. ,he predic'i ....value of in ,-;tTO
'eslS- which may be useful for the SQlulion of .. rta,n specific problems is
uncertain .

At such a levelof complexit}, wi'h respec' to di'~rsity of species, chemicals and
enVironments, tbe selection of an 'idear test ,,·ith adequate predictability (defined
a, tbe ability of test results gathered from a few'species to predict accurately the
df..." of chem.:als on most if not aU hlsher plant species). reprodllClbility
(defined as the abiliw to duplicate the results which. in the cas< of higher plants.
reqUIres suffiCIent control of species ' ·ariablhty aod of en"!lonmen",l con­
ditions). and seositi' ·ity (defined as the abili\)" to distinguish small dilferences in
response bet...-eenspecies and chemicals) is indeed difficult_In css<ncc. the ·ideal"
test would have to ilXorporate an impractically Ia'lle number of species grown in
a ;~ry Iarll<number of 'normal' en,"ironments and .. posed to an iooetenrunate
number of complex chemicals at all .taF' of their life c}<Ole.Tbe in ,.jl'<} tests
presented here do not au a in or e,~n closely approac h this hillh standard but are
the best available at this time. Furtber de"e klpmeot and refinement are neoessary
to attain IOOredesirable Ie....ls of predictability. reproducibility and sensiti"ty ,

6-.1.1 Test Methods

6.1.1.1 S/(l~ I : From Sud G~,mj""lkm 10 IN Rtprodu<:li... Piwst

In vim standardized tests which ;nvoh~ a broad range of annual herbace<>us
species of interest to agrieultur<:and forestry ar<:avai lable for routine screening
of a large number of highly purified cbernieals f"r pote ntial us< as berbicides
and or plant i'O"'th regulalors (Sauers. 1976), These tests are css<ntially
lethality tests. hut a graded quantitati'~ response c;m be obtained hy measuring
the 'ize of progeO)'produced by the species, The tests at the early nages of the life
c}<Olea re condl>Cted under controlled en,jronment al conditions to increa ..
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""producibHity, The t.m at lat.r Stages of lhe bfe C)d. must gen."lIy be
conducled und e' field condilions, w!tiehdecr.ase ""produc ibihty. In general, lbe
spec;"s for these lesls a"" selecled for th.ir adaptabil ity 10 Ih"'" types of lest, so
that they can be propagated and grown under normal laboralory and field
condil ions witbout highly specialized professional personnel. Th"'" tcm a""
roul inely used for agricultural chemicals and can be accep,ed at the present lime,
Their predictabil ilYranges from <.wellen' to good depending on the number and
di,'ers ity of ,pecies selecled: lheir repmd ucibililYi, e= llent under conlro lled
etl"ironm.ntal conditio ns at the:early stages of lhe lifecycle and good uoder field
conditions , thei, senSilivlly i' unknown ,

6.1.l.2 Su,ge): Sporogenesis

No standardized testli foc samphng a broad .--angeof species and envimn ments
are ava ilable for study'ing eilher megasporogenesis or microspor og...... is. In ; 'j""

tes1liinvolving a limilO<!.--angeof ,pecies and environments ha"e been dev. loped
to study lbe eff«:ts of chemicals on micm sporogene:sis (Nel",n and Rossman ,
19S8: Kaul .nd Singh, 1967; Hanna 1977). These in ";>0tests are co nducted in
conlrolled en"lronmen ls or under fieldconditions and are quanri tat ;'-e uSing the
seed numbe, as the vanable measured, In general, the species seleclion for these
sludies is limitO<!10,df_poll in.,O<!0' croS$_polbnated plants expreS$inghybrid
vigour which ha'" agricultural or forestry significance. These species can,
lhe""fore, be grown under normal laboratory and field condi tion' without highly
specialized pmfe:ssional personnel. Predictab ilily of such tests is se"erely limiled
beeause of lhe narrow range of ,pecies involved, but the reproducibility is
excellent unde r con trolled environmenta l conditio ns and good under fi.1d
condil ion', The sen,hi" ity i' unknown,

6.1.1.3 Siage J: From Malure Gamele' '" .-IfOlure Sum

No standacdiud tests .pp l'ocable10. bro.d spectrum of ,pecie, an d en'iron _
menlS are ""ilable. A small number of in "j." test!l invol>ing a limited r~nge of
species and environments are available 10 exam ine the pollinat ion process in
general, pollination coDlrol, pollen s.rminalion aod tube growth, fertiliZJlllon and
seed developmenl (Dalalkova and Tupy, 1972; Schwar l2 a nd Oslerman , 1976;
Churd and Williams, 1977; Kroh eI ai.• 1979). Test-tube fertilizati on (Dalalkova
and Tupy . 1972) has gm; t polenl ial if the predictabililY~ould be impro ''e<!by
increasina the number and di,'e",ily of species studied, For these ;n .No leslS,lhe
~pecies ha\"ebeen sele<tedon lhe basis of lheir pa rt icul.r ad.ptab ilily to the Sludy
.--alh<r lhan thei, economic significance, Obviously, most of the ,pecies selected
could be grown under no rmal labo ralory and field condit ions withoul highly
specialized professional personnel, The predictab ililYi>seve""ly limited bec.ause
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of the ""rrow range of species in"ol"ed. The reproducibilny is excellont un'k r
controlled em'ironmental conditions. and good under field condit ions, The
sensitivity is unkno"'n.

6.2 ,H .GAE AND ~ IlCROOR GA;'Ii IS,\lS

& fo", discussing the methods for a..... ing tbe effects of chemicals on the
reproducti,'e ~apabi lities of these group. of organisms . it is neeessa!)' to sta te
clearly lWOmajor considerati ons which affeel lhe approaches thai can be
adop ted.

Fi~t. it is impo rtanl to recognize thaI the Prolista and the algae represent a
oompletc spectrum of nut"llonal and mClabohc t)'pc$ found in the biosphere .
Thus. among lbe member> of these groups are heterotro phs (chemO-<lrgano.
trophs). photo trophs. including photoautotrophs and photo-<lrganotrophs,
chemoa utotrophs, including chemolitho trophs and chemo-<lrganotrophs. ob·
ligate aerobes. obliga te .na erobes. facultative aerobes . nd other ,pecla lized
groups with respect to 'beir carbon and ot energy mewbolism. Funbermore,
within these groups there may be v. st differences m the capaci,)' 10 IMtabolize
known natu[ll l organic CQmpound•. These group, represent a plelhora of
dilf.re nt. and in many ca... uniqu. , metabo lic mechanisms with sul>stantial
diffc", necs in theif potenti al susttp ,ibil ilj' to the same chemicaL

Accordingly, ,n considermg the effects of chemicals on the reproducti'"
ptoce.... of microorga nisms and alga• . Car. lias to be tak .n to ensure lhat an
.ppropri at. organism is tested for. gi"enCQmpounrl.To q uote the .. ampleused
by Slater (1983. this volume). the .. se"m.nt of a compo und b w wn specifically
to inhibit nitrogen fix.t ion can be tested on ly with an orga nism able 10 fix
nitrogen. Con" ..... ly. if the target of the chemical is u nk""", n the'" are serious
diffic ~lties in selecting a test organIsm. Rallona lizations will ha' "e to be made by a
jud icious selection of p~tati,"ely appropriate organisms. bUI care must be takcn
not to underestimate pos, ible effects on orga nISms not yet tested

Socond. il is n«X,sary to define the reprod ucti, ·c functIon of microor ganisms
and a lgae, since in terms of mechanism thi' funclion is .u bstan tially different
fTom mo>t other groups of oTganismsco n,idered in this workshop, Many algae
and 'highet' m., too rganisms, .s pecially those with cells of the euh!)'otic type.
frequendy exhibltl ifeqdes with sexual reproduct ive .ta ge,(q:. microscopic red
.Igae) aoo simple veS"tati,.. growth <ycles(sec J. nseo. 1983. this volume), Much
less i. known aboul comple, life-cyclemodifications_particularly with respect to
establishing and maintaining these modified life-cycle stages in the labo""o r)'.
Thu,. most toxicity studies have been uooerta ken on ,.. S"tat i,e cells growing by
• mechanism of cell size increase follo".-edby division into daughter cells. Many
microorganism•. part icularly those with a prokar~·otic cell form. do nol exhibit
any morp hological differentiatio n aoo ",p roduce SImply by di' "ision of a parent
cell into Iwo or more daugh ter cells. Thu•. cell growth and division. i.• , the cell
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fmm 0"" Fncrali'm 10 the ""~t. B)' and larF lhe gro"lh of a micmbial
populatoon is a """"Ure of;1> reproducli'" potontial Thus ... ithin the lerms of
""fero""e of lhi' worhhop. the a' .... m.rll of lhe efftc\s of a chemical on
rcprod~cti,'. funClion rna)' he m.a,ured in lerms of ilScffeeton lhe growth of a
microbial Or algal populalion. This " in faCIon. of Iht f... ' ..:ays in ,,'hich il is
posslblt 10 lrcal in a mcaningful mann"," lhesc ' :a, Il)' di, .."" organisms as a
unifitd group.

6.2.1 Appro."' ... 10 T.. tlng for £fI"..,1lion Reproduclion

"Thcrcarc 1...·0 basic appmoches 10 the analysi> of lht effCCI$of chemicals on
micmhes and algac (_ l.osen. 1983: Slator. 1983: Ihis "olu""' ).

Fir$L lCSl prn<:t:\lurcs."'hcther ,n lhe laboratory or in the ficld. nct<! 10
demonstralc a 'Iati'licall)' valid dilTe...""" in respon.. bel,,~n the lreatn! and
untreatn! population, in lerms of their gro"'lh pot.ntial. For pur<:""Itur<:
systems the rcsponses ma)' be neutral. growth stimul:nory. growth depressi""
(i.e, reduc<:drales of gro"'lh; gro"lh inhibition but maintona""" of viability;
formation of rcst;ng struttures such as spores) or lethal ( .... ul\lng in cdl Malh).
Therc ma)' be diffcr<:ntsequenct'Sof t!tescba'ic Pl'OCCSses(e.g, growth depression
leading to celldeath) and their timing may be useful in characterizmg the t)'pes of
Ie" cl>cm.,als under <:<:I",ideration.For mlXed.cul!urc s)'"""" the same basic
responses ma)' be monitored. 1n addition. differential effectson the component
species of the mixture can be ol>se,.,,·td. ,,'hich pro"id. polCntiaUy ':aluable
informalion on the speeiftclarget of the chemical (i.e. one metabolic tl'\X or One
particular species rna)' be a specific target f"r the lest chemical), Such diffcrential
effectsof ehemi<:tlswill .... ull in chani<"' in t""composition and ordlve"il)' (e.g.
loss of highly susceptible species) of the communit)'. Thi> general approach "ill
provide information " 'hich may he utrapolated 10 natural habi ...U.. In geneTl\1
tcrms. lhi. first cateJlOryof tesl procc<lur<'$could he ad"'!ua .. . at \<ast for initia l
", .... ning and ran king "f chemicals to a,,,," tl>cdesi"'b ilil)' of using a particular
compound . Again in ge""",l t.rms. this approach ha' bccn adopltd a, the basis
"f most rclUlat"ry guidelines and dil«li,,,, .

Second.... ·here possible. tcsl proc<:durcs '''''uld idenhfy specific ",,!lulllr
targets. Major pr<:>c<sse<s""h as photos}'mhesis. nitrification. d.nitrificat;on,
respi,~tol)' activity. car""n dioxid. ",'olu tlon . melhan" geneslSand man)'Other$
may he :liCrecntdfor ~ffecl>. Thesc test procedures ought to be c(>llSldercd wlltun
the first tier of assessm. nl teslS si""e tbe)' arc of majOr ;mporta""" for tbe
function of an ccosl"tem . Associaltd " 'ith thesc ,,""rail tests. attempts shook! be
mad~ to pinpoint the effect at the biochemicallevet a procedurc "'hich may !cad
to lhe de\'Olopmcnt of speciftca>sa)'s00""'. for .xample. on particula r en.yrnes,
Such t~sts ha"" bccn d.vdoped for dehydrogcnases. nilrogenases and vaOOus
catabolic eruymtS. but mor~ dttalltd work on test devdopment is required
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6.l.2 Choi« of O rp m. ...

A primary requi ...menl for developing labonllory lest, i.lhe cboice oflhe i'0",h
'y>lem and lhe IYP<'of orpni6m 10 be:used. The preceding seclion has indicaled
lhe nature orlhe problem ofcboosingorganisms. Standard organisms co,-enng
allille possible m«abolic: modes""n""l be recommended .i~mIlChdepends on
lhe DaIU... Oflhechem .... l under lesl. Furthermore, lheuse oflypeorpnismsor
.Iandard organism, may induce a false sen.. of securilY in lhal considenllion of
the possible effects on olher organi.ms may be reduced if nol excluded.

Stondard algal cultures and .Iandard baclerial itra;n'! have bee-n recom_
mended by recourse 10 nalional and inlemal;",nal culture colle<:tions. The ... is
clearly a value in u,ing ,toDdard 'Irai"" ,n lerm, of dala comparison b<cIWttn
Iabonllone. and differeDllesl programmes. Ho"'~'~r, the... a... danger> in using
a limiled uumbor of .Iandard organisms. The organism my not ha' ·. the
required characterislic. and altemali,~ main. or .pecies from eilher cultu ...
collection'! or ".",iy isolaled organi6ms mUSIb<ccons.idred. The ... are arguments
againsl the use of single organisms (pure cultures). and lest procedures using
defined or undefined nalural mi~ed cullu .... mu.1 be employed (e.g. OECD
1981); activated.ludge .y>lems and river die...way lesl' using, in both caseo.
undefined mi,ed~ulIU'" inocula).

Whichever organism or organisms are s<lected for lhe ,eslsyStems. lhe same
uperimcntallechniques shouk! be used for growlh and populalion analy>es in
order 10 faoi~tale coDlpanson of lhe mullS.

6.2.3 Methods of Gra"'"

Laboralory test procedures require populalion, of microorganisms and algae
grown under ddined condit,ons. SO thatlhe Irealed and unlrUted populal;on,
Cln be compared . Differences in i'0,,1h respouse mayb< quantified in term$ of
, .. rious characteristic> which lite gro"in.gcultures may, bUIneed001, ha'-e. Thu.
a primary requisile in de,·isin.glesl procedu .... is 10devise an appropriale gro""h
'j'5lem.

The initial comid"'lion must he 10seleel an appropriale gro",h medium . For
most lest procedu .... a complete medium which ""pporn tlte organism', gro,,1h
is required. Ho,"",ver, the'" may be occasions (e.g_lesting gro"'lh promoting
.ubstances, !RIChas vitami"") when an incomplele medium which ;5 ,up·
pl<menled with va'Y,ng amounts of thegrowth promolingsubsta~;. required.
BUI,in general, mosllest procedures are aimed al detecting delele-riOUHff'ectson
nrganisms initi<!IlYrequiring complete medi<!.

T1terange of media a' -ailabl< bolb commerc.aUy or con51rucled for specific



Highn PI",u s, AIgM and M i"""" 'l an" """ 111

organism5 isu~nsiV(:. Whe.-epossible Standard med,a OUghlto be used since
'hi' facilita'es comparisons be,"'-een,esls and be,"'-een laboratories ; one 5hould
a,lea5' u~ recogn~ formulatioonsof undefined. complex media. Tbese \<.c'ion
of appropria~ media must reflect lhe nalu", of' beorganisms 10 becuhutW. It is.
ho",..ver. imp",,"ive 'ha' lbe media lI5ed are defined or d=ribe<lllttUra ltl y.
siln lbe m.:rob ...l and algal fonn. function. activity and chemical make-up a",
hijhly dependenl on tbe gro""h condi'ions and nUlriem composilion . It is
imperali, 'e ,hat tbeK are reported saou,.,"ely. since in manyca ... comparioon of
lbe effeclS of chemicals cannot he undertaken belween different te51Sam
dilferenl labora tories if major variat ions a", im uced b)' differences in the
composit ion of growth medIa. SImilar ,..strictions must be applied to aeration.
pH. temperatu", and otber conditions used, Frt<luetltly' these condition. aTenot
adoquattl y st.andard~, controlled Or ,..ported

6.2 .S.1 SJ'SI~""" Using Solidified Medi<>

A 5landard Petri di5h technique is used wilh gro"" h media nonnaUy solidi6ed
with allar. The technique may he adapted to include lbe te5lchemical at varyinll
<x"..,.,n'rations and to a llow JIl<'Murem<nt of lbe df«ts in terms of con­
centration. lhal inhibit lbe ll"'""h and. perhaps. in terms of modifications of lhe
colon y and of individual ""n morpholollY.

The 5y'Slemmay be modilied aJonll lhe ap r plate- ....ll bioassay 'l"tem.
producini inhibition Wne5in a la...n of microbes onlpe . Standard cakulalions
and stal i.l ical procedu.... exill to estimate variables .uch M potency and
minimum inhibilory concenlrations.

Tbe sYStemcan be used I" determine lhe development of the rate of resistance
10 a chemical, lhe rate of mU~lion and rale of survi,...l in the presence of a
compound . Sinillarly. the procedu.-ecan be used 10 ",I«:, populations able to
metaboliu the compound , a particuliu1y imponam faclor in detennin ing lhe
rale of and or potential for remo,,,1 ofa toxic chema l from tbe environment
Finally. Ibis i""w th system i. Il>ebasi. for d.. . rmlnini "iable cell counts.

The t«h nique i. cl>eap•• imple to handle. rt<lui.... relatively low Ie"els of
lechnical compete""" . is reproducible and provides a po",.. rfut qua ntitalive
as>es5mCntprocedure .

6.2.5.2 Closed ( Bald) ClJ", " Syswms Us;"g Liquid M' dia

The.. ,y"lems include tubecultures (a known. usualln mall volume of a medium
in a test lUbe); oo lile cullu.... (especially for nalu ral popu lationl and natural
nUtrienllO un:es) ; and nask culture. (usually conical fLa'Skscontai ning a kno.."
culture ' ·olume). Thecommon feature of tbeK systems i5that tbey are clMed (i.e.
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tb<:reis 1\(> addition or liUbtractionof nUtnenlSonce t"" grn...th has 'tarted), T""
organtsms gro..' at their maximum nile o'",r a limited periodand there is a
characteristic ""Gueneeof "ami tory vowth p~. Frequently. in compari,,,,,
with microbial and algal growth in natural envIronment<. these chara<:termic.
are inappropnate, ChemICals may' he tested and t"" TUpon<emorulOred in a
fashion .imilar to that for plate cultu .... . Metl>od' for gro,,·th a..... ment are
described in Stetion 6.2.6.

ThIS is often the tnetl>odof choice<!esp"e"mou, ~mltations... nee it ischeap.
reliabl<.technlClllly "mpl< to operate and rna}'be replica'ed e"'ily . h has the
po'en'ial to provide data in screening pr<>£edures.an Imponant conoo<1"ation
for any O'''luation program .

6.2.5.3 ConrinUOIlJ_FloM'C~llu", Sy",cnt< L'Jing Ljq~id Media

\Iany dilferent continuou, -!Iowculture .}.tems. essentially based "" d.emOS'a,
Ot turbidostat principles. ha". been de",loped. There are some Imponan'
f.alur" of these 'y"ems "hich are ad"a ntageou, compared with clos<:<lculture
procedures. ,ncluding the capacity to .xamine growth rat" at a range of
IlUbmaximal"alu .. ; vo ...·th underdilferent ""Mtrate_limlted conditIons; grow'h
at differen' population den.it ... ; arid the grow,h of , ...bl<. in,eracting microbial
popu lations . All these f.atures represent important environmental chara cteri,_
tics and enable tn. .lfect< of chemiCllls to be a«aye<! under phy.iological
condition' ...hich <:annotbe achieved in plate or closed<ulture ,).,em<.

The di<advantases are that these techmques require rela' i,,,,ly comple,
e<ju;pm.m and more 'echnical competence. Tn. gro...'th sy".ms are more
elabomte and c<>Stly These features norma II}'preclude the use of continuous ­
1I0w culture s)'Stems in screening programme<. Howe~r. lhey a", "ronilY
recommended a, imponant method, of choice for SttOnd-lier anal}.i. of
chemical'l identified as potential problem. b}' ,he finHier screening t.. t<.
Furthe rmore. continuous culture 1}'stemSmust be used 10... mine the effeetson
microbial communi,i .. 1'0"''' in laboratof}' en"ironments .

6.2.5,4 Coge (Dial)'. i<) Cui","

This techniqu• . ,,'hicb "'''s original lyd."elopcd for bac'<1"iaand later adapted for
algal cultures. allo",. the t"t modium to be more or leu continuously renewod
"ithou' losinl the t"' organisms. 'hereby "",urinl constan, nU'nent Ie"els and
stabledoses of the chernieals to be 'ested, I, also make<i' possible t" carry ou'th.
bioa,say;~ silu. whether this i. a host organi.m of reasonable 'ize or a natural
h.abitat, The Cllgotechnique is also on. of the f.w ,}.,cm. wlUch allo",. test
organi,nu to ... n ....t.n.i".ly tbeir ahilit}' to accumulate chemicals from dilute
soluti<ln, Its ",Ie'"oceto .nvironmental p roblems is also promisinl, Despit. all
'hese pot ential advantages ... perienc. with thi' method is ~mited. The'" isstill a
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n«:<l for StandardIZatIon of lcchniqu« aM conditions . TIIo method can be
regarded a. an Intermedia te sla~ t>et"'"eeo laboratory and field eAperimen15 .

6.2.6 " I• •hood. fo. ,,-..... i"l Algal and Microbial e, o.. '"

Th<,.., an; numerOUS mClhods for ;l$$($$ing growth . In many instaDCeS ,1>0
Sdcclro method is prob;tbl y imlI\lllerial 1O$long as valid CQrnpansons be{W~
control and treated samples can be mad•. How.'~r. ;nl<Tlaboralory com­
parisons requ ire a uniform appr oach. aDd .'temptsough t I" be made to r.r.,the
asoessmefll method to a standard measure. namely Ih. dry weight b'o ma$$of (be
organISm

The re~abilily of con' ..", ;oo rael",," mal mu, t be demomtnued . Tho major
problem whoch i. not u",,""rsall y ,«,»gn"ed is thaI man y cellular com"""",,,t,
and . ind«d. basi<:eM"",l<:n!l"' . $U(b as o rganism sl2t ar(Ch,ghly deptndrnt on
the grow th environmem (Jensetl, 1983 : Sialer. 1983 ; Ihis volume) . [n many
Instances comparison of IOxicity data i. nol feasible because of uoss discrepan ­
cies kt" e<cnme.,u remenlS of {he<arne variable. Similarly,oompa ';"'n, bel""""
CQntrol and treated populalions require that I>On"pc;:ificchemical effecls (e,lI.
, imple chanjeS in growlh rale) are accounted fill'.

The followinll variables have been used to measu re populalion numbers
and en d('Jl,il y (bloma$$).and bas e been e~tensi>'Cly de!l:ribed and discussed by
Jones (1979):

(I) dry weigl>t delerminalions b}' cenlrifugation or membrane filterinll;
(2) turbidily or absorbance measu remenlJ ;
(3) biomass determinati(m, by correlation witb a .pc;:ies cellular component

including prol ein. DNA . RNA. lipid. lipopoly$aC\;haride (LPS method ).
cblor oph,ll a, ATP. and loud " ,p nic ca,boo,

(4) I" la l cell number esllmal .. by micrOlC<>piochaemoc,tometer CQun'ing
cha mber melh"" . '" electr"n JCparticle coon"rs, e_lI_C"u llcr counter ; a nd

(S) , 'iab" . ell number estimal es bJ.'dilu,i"n method s and ,eco' ..ry "n ""lidified
medIum . i.e. plale coon .. "n slide cultu ..... Ou"m:cen' antibody Iabellinll.
and immuoofiu",escem n",, - C)1"metry in CQnjunction ,,'ilh partiocle
c" unt,ng.

(6) Under certain cin:um5la nces lbere may be "'l ne in eslimatin lllh<: dTect' of
cbemica ls "n """rail populali on characterislics "bioch are related 10gro"th.
$UChas "~}'llen CQ",umpl ion. These melhod s include bi<>logical oXYll"n
demand (BOD) assa )" and ca rbon dio~ide ftxali"n ,ales fo ' ph"l<>syn'helic
"rgan isms,

6.3 CON C LUSIO ;>iS AND KECO .\ nl !':t"'-OAT IO i"S

(l) Wellestab lished mcthoo;l$~ist which are suitable for a nalysis of the elfeelS
"f chemicals on algal and microbia l ' -ell"talive reproduction . They are hillhly
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quamitat ive and applicable to routine laboratory-b...ed te, ling lha tenables the
characterizalion and ranking of a wide range of chemicals. By and large. the
melbo<!sa", simple. inexp.-nsive and amenable to stat iSlicalanalysis. Also. Ih<y
are directly relevant 10 the problem of lhe inleraclion helWttO lbe chemical and
the organism •. i.e. lhe le,t Syslemsmay he made to ",fla;l accuralel y silualion,
bkely to occur in lhe nalu,-al environmen t provided the chemical rtaches the cell
in the aCliveform. Standardizalion of test prOtt<!ures for syuemalic evalualion
and ranking of the eff<:clsof chemicalS on microbial and algal ", prod union
recommended.

(2) Notwitbslandi ni the ,uccess and usefulness of these procedures. further
aU""lion must he £iven to devising appropriate test systems. to impro.... Ihtlr
predin i"" 'illlue witb regard 10 lhe effects of chemicals in nalura l ecosySlems.
This mu, t include paralle l Sludies in a numher of laborator ies in order to de""lop
",produc ible prOtt<!ureswhicb model the effeclof interphase ,. species di....rsily.
physical and chemical heterogeneity (i.e, light-<lark regimens; concemrat ion
gradients; lemperature profiles), diurnal rhythrn$ and inleract ioo< belween
organISms,

(3) There is a bmited number of test orgamsm, a'illilable from cullure
co lleclions; Ibi' facilItates comparison . For a limited number of purposes
reference organi,ms may he applicable but the diveTlity of microorganisrn$ a, a
group muSl be t>.Jme in mind. The tesl procedures are generally based on
o rganisms "'h icb are read ily cultivaled . These organis m, represent a small
fraetion of the eXlSling microflora. and .• ince differemial effect' of chemical
action may be .. peeted. this i' a major problem. Elfo"s must be eocourag«lto
establish in lhe laborato ry some organisrn$ with compl.. life cycle, in order 10
....aluate lhe effects of chemicals o n the complete reproduction cycle of these
species. Similarly. it woukl be desirable to encourage work aimed at a control led
culti"a tion of organ i,ms whicb cannot be currentl y grown in the laboratory.

(4) Allhou gh laboratory tesl prOtt<!ure, are adequate for predICting tile
immediate or direcl eff<:cl' of a chemical On a given organism. tbe ecological
effects which rna}'ari>-e'" a result of the initial chemical/organ ism int<raction by
and large win not he obse" '<d or q ~antilated In simple lest systems, The test
systern$ lend to be gm.. simplification. of condit ion' usually prevailing in
natura l habitats. They do not, no>rmally.reflect lhe hetemgeneity of natural
habitats. transient phenomena . natural rhythmic cycle, or ioterpha ... . Thus the
chemical physical aDd biological interaclions may modify tile effect of the
che01Jcal, a conoequence which Cannot be detected by . tandard test procedures .
Thi$ problem may be partially resolved by using mixed culture 'ystern$.
contlOuous cullure $}1tellU,microcosms and . particularly, field studies. Such lesl
progra mmes are often not .im ple or easy to mount. and lhey are upon, i"e.

(5) It is recommended lhat attenlio>n be gi,..,n to providin g a limit<dnumber of
test chemicals which can be med to examIne the ,'ali.dily of bot h lhe dev~lope<l

and propos«! t"'lS. with particular atte nlion focused on lhe" sensitivity and
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rrpr od uc,b,lily~{"ttn laboralories, A conseq uence of lhis recommendatio n is
thaI an intemah onal oTganizauon nced. to lake respon,ibih t}' for the coordi­
nation of thi, act ivity_
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C 19S1SCOPE

ANNEX

General Aspects of Test Procedures in
Reproduction Tox icology*

1:'\T RO D UCT IO C'l

Tile reSP'<'n~ of a biological syst<m to a chemical 'l imulus is relate<!to lhe
loxicity of lhe te,t maleria i. the d"'" levei. theduralion of e'!l<>Surtand lhe roule
of admini' tra tion . Reproduction toxicolol!Y is panicularl) con',erned ","h
de"eklpmental stage' (embl'}'onic. fetal. laclalional and pubertal) and gonadal
cyciic Of malura tronal actr\'rtres. Tbe aMorp tion. dislribution. biolransfor·
malion and ehmin"lion of .dministered subst.nce. must be tahn inlOaCCount
when interpreti ng observed elToe". Differenl =Iion, of Ihis annex mu,1 be
ronsidered. therefore. ,,-ithin the fr..me"or~ of aillbe a, .. ilable toxicological
kno "l odgc M,-.,Ioped in relation 10 any t.. t mater;al, In addi tion. uniform l)
Slrinllent te" ",<!ui",ment>.r<n""e»ary for a lld",mlcal, _An <qualiy imp<>rtanl
prerni~ tn M,-.,Ioping rosl-effoeti. 'e information is that the elTo n C'pend<:dan
losling a chemical for .. fely ha"e s<>me.. mblanc<:to lho lru~ upper limit "flhe
p<>t~ntial for harm of a jli"enrornp<>und,This co""'pI has been merrnl 10a, lhe
'principle of commensurale ell'orl' and has als<>bttn u"'<l a, a "",an, of making
te" inll requirement. more cost elf""ti"o

An imP'<'nantconsideration in lhe selection of app",pria te ",produet ion te, t>
is the intended u<eof the ""ult. In general. to" data are li:0neTaledf"r lhltt
major pur)1'O'eS

(I) n,,, producl ", re,nlnll.
(2) rellUlalory app"" .. l of new producl>: and
(3) saf~ly revr~W of d .. micals altead)' u"'<l and present in the human

en, 'i",nme nl,

Tl>ema~y t}'pe>of products to be tested i~dud~ food additives . agricullural
chemicals . pesliciM, . pharmac~ulicals. cosmelics. ~n"i",nmenlal contaminants
and ind""tria! chemicals, Sometimes ll>e inlended u.. of the chemicai also
inlluences [he ~lection of leslS, Thu>, [be seleelion of trs l. in a given lrsl
pr<>llramme depends an eXp<lSure."b,.", 'ed toxicity. purp<>~ of t<:stinll and lhe
intended use of (he chemical.

'"
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TE.ST VALI DATION

In ord " (ha( a reproducl ion (ollicology lOSt be "'keto<! for use in an e'-aluatio n
pTOgntmmt. il lhould be "al id for lhe aSMUm, nt of risk to reprodu ction by
R>«ting 1M following cri" tia .

(I) It should be rep roduc ible in a ,i ngle lpeeieS,
(2) The teSUllS in 01'1(:'pee les of upcn !Tl(nta l a nimals l hould be reprod ucible

and pred icli.... of resulll in 01><or mo... ad ditio nal ,pec ies of expc~ntal
aoima ls,

(3) Tho result s io upc nmto tal a oimals should be pred iclive of a humao elf""!.
(4) The ...sults in expctime ntal an imals .hould allow quan tita tive aSM56ment of

nst 10 human ...p, oduc live functio n.
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The finl cri terion is simple to a~ through ...,ptatcd teSting a nd in­
,orlabora'ory comparisons, The socond is mo..., d ifficult to achieve in ...,pro>­
duction >ludies bocauso of intorspeciosdilfe= in reproduction SyslmU (o'"n
among mammals) and in abso<ption, distribulion, biolran5fOtnlation and
e""rellon of different compounds .

E'"n mo..., difficult, and ofIen impossible, is the "alidation of a tesl for
human ,ubject>. Dim<;{epidemiolop: a l studies of err"'t< on reprod uction often
cannot be carried out because human exposure bas not oocurred and cannot be
achie'-ed exptrimenlaU}' . b'en "..ben exposure ha' occurred, estimates of
exposure do:scare umU}' very diffioult or impossible to make .

A possible approaoh to this problcm. would be to develop an understand in. of
tbe effects of chemical all"nt(s) at ,he .. Uular Io"el and to dcmo""trate similar
elfects In human biopsied or cu!lured material" This would be ,ubject to tbe
qualification that variations may occur in abscrption or metabolism of the
sub" anC('before it acts at ,he cdlular level

Tbe demons'ration lhat a ,ost ptrformed on an animal model ')"Slcm is
predic, i"e of humao .ffect< in a number of 5iluatio"" , " 'be", this is teS18.bl••
"'ould provide lbe best pos,ible qualitalivo "alidation of any lOStto be used for
human ri5k a~menl.

The most importanl criterion required for quant itati"e ".lidatio n of any test
to be nstrl for risk a.......".nt is thallhe poSlti"e lOSt result 'bo""s dose response.
C.uso -effect is mostcloarly establ ished in situalions where mponse (the numb...­
of individuals in an exposed population , bowing the effect) is positi'''I}'
correlated wuh dose . Be<:auseestimation of dose is difficult 10 accomplish in
human populations. tbere arr >t,ry few rrlJabl}' determined human
do se-response relationships for chemicals .

TilE CHOIC E OF TESTS

l1It cbo ice of tostin. procedures depend< on the purpo5C of testil\3- l1It most
common purposc1' are outlined below.

Pu-ma nufaclUrt Strft mi"i of "' e" Prod""u

TI>:characteristics of II>:lest< that are .. Ie<:tedfor lhis type of screenil4l are in
general .. folio",.. ,

(I) end ·po ints are semi-quanlitat;ve;
(2) the teS, should be con"eDient for screenilli large numbers of compoun d.;
(3) the test< . hould predin the biologicallmard potential;
(4) tosts shou ld be rapid. cost elfec'"'' and ...,prodUl'iblo;
(S) negal ;' " responses in a tes, <honld indicate a lo",' probability of effects

occurring fo r the end-po int measured;
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(6) the 'es' bau ery ,ho~1d co."" ~s many ",prod""'ion ... ,.,.blcs as poss,ble.
(7) t.. t dal a art Il"'ncrawl for 'in house' e\lllua,\on:
(8) buman expo. utt ass<>c,a 'C<!w;,b leS"ng should be minimal : and
(9) meta bolic con.ideration •• hould be illCluded

T... tiflg or 1'1",..' Prod""" for RegulatoQ' A"" .., . ol

Cha racteristics of t.. 1Sselected for tbis purpose art as follo..~:

(I) t.., lOmu.t be quanl itati .'r and it .hould be possible '0 e"rapola tc ,be resullS
to buman subJ"C's :

(2) t.. t des,gns must co"er the an tICipated exposure a. "",II a. a ,,'ide range of
othe ' cxpowre levels:

(3) .. bere possible, rout .. of exposure 'hould reneet antic,pated or actual
human exposure patterns:

(4) tests should be cosl effecti.", and reproducible: and
(S) teS1designs and data .n al)'S<:>muSt include metabolic conside,..~,ions,

Safet ) R... i<,,· or C"" mlcal. in ,1>0Iin,ironment

C haracteristic' of te," selected for this purpose include ,he follo"',ng:

(I) rapid or ,hon-term ",reenin,l procedures .hould be s""h ,hat leStiol r......h.
<:.lInbe uoed in priority ranking: and

(2) huma n studies can also be ;rw;ludcd for these compounds . The type. of
huma n .,udie5 rna)' in"oh", identification of popula tion, at risk, follo,,'ed b)
retrospec t;ve or prospec ti.-e epidemiological studies and cltnical monl to, ing
of identified popuIatinn. ,

EXA.\IPLES or TESTS ASSOCIAT ED \\ lTH TI lE
ID£1Io'TIFI [D TfST AR(AS

These te" u hould be pr imarily short -term , ,nexpens ;ve. and .bou ld ha"e "t Iea. t
semi-<juanlitati ve reprodu c' iv, func' ion end-poi n" . r u mples arc:

(I) fertili'y ,co's (sec sechon 2 1.2) ;
(2) preiml'lantalion de."lopment (sec sect",n 2.3. I):
(3) in rilTO te", for emb,yoto xicity (sec >ection 2.3,3,2); a nd
(4) po .. ible non-mammalian tesl .)~tems (future de."lopmenl).



Appro"~1 or Ne.. Subwl"'<:'l

Tht$e le$1$ ~re disru$$<ldin =.ion 1 .1 on integrated rq>roduchon funetlon
studoes, ,... ludmg,

(1) mult igencrati"" studies:
(2) fer,ili,y Studies:
(3) in "i'" ,ests for selec,i,.., embryo,oxicily; and
(4) peri_ and pos, nala! studoes (s« S«lions 2.3.3.4 on parrunllOn and 2.3.3.5 on

laclation).

s.re ly Re,i e.. or Cloemic.1sAlready Prese nl in do: Hu.... .. [ Il,'lroomt nl

T<slS for th" purl""" ,n, 'o!,.. bo'h scrrtn,ng procedur<s and regula,ory '<sIS
described abo,.., as .... IIas sc=niog of elf.., .. 00 human repro<!uc,;'", function
and epidemiologica l s,ud ies of e'posed populations
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M,,_ r", A_ .. til. Elf"''''01Ch=it>.b.,. R.prod u<u", F".ro­
Eol"od by v B V"" l.Dd P I Sboello.
c 19l1) SO')P'J;

Adverse Effects of Environmental Agents on
Mammalian Female Reproduction

W . LE Roy H lI ~ll'CHS A~'" M aR IT GA!;>AL.....H

I I ~TROUUCnON

T" " n'y y"ars hav" daP""d sinc" Rach"l Carson' , Silm, Sp,;~g call~ public
.1I.otion 10 ,be .d",rse .ffeclS of .n, ';ronment.l ch=icals on .vian ...-pro­
ducllon ,n the Cl"" r Lake "'lPOn of Nort h"m Califomia , Decim., ion of ,h.
songbird popula tion anributable '0pesticide cbemiclll. ",-a.SOOn confirmed in
o'ber avian speciess""h as Ust"'ls. pe",grine falcons. and asp"')". Gov. rnme nt.
indum y ~nd public miClion to ",pidly attu mula'ing daLahas kd to curtail"",nt
of th. ind ustrial manufaclu", and asr icuhur al dissemination of some pesticides
.uch a. D DT. While the ...-producli'" physiology of bird< may be part icularly
vulnerable to the tOxicity of .uch "'-eakly oestrOllCnicch<micals. ad ," .... dfect.
"'"real50 obset\-ed in laboralo!') .xpenmen .. wilh mammalian , pecies and in
human. follo"';n , acut. accid.ntal exposure , Th. ad'·..... . ffect. of chronic
. xposure of "'"men ha"e been much more difficull to identify,

2 I'IU~CII' L[S OF [XP OS URt;

Reproduction shares wi'h mutallCnesis.tera 'OI.nesisand carcinog.nesi, some of
the same anribUles of biolop lnjury. U.ua!ly lbe .. ,,,,my of. public health
risk is dll'CC'lypropo rho nal '0 the type and .xt.nt of potential damage thaI
resuh. from "xposu'" to a cbem'cal. A...... men.. of minimal risks "'main
contro,,,rsial because of inadequate eritena and da ta. The risk is maximal whm
.n,ire populauons of biOla a rc .xposed to xenobiOlic agents in cona:ntration,
Ihat produce critical or oignificant ,njury in all groups and indi"'du al" whether
ma' ure. imma,ure o r unbo rn, Mast of our . xperience concern. lesser amoun" of
darmsge which has appeared in a hmil~ number nfspeci", Ihat ha"" become
exposed throu!h accidental or unrecoJllized contact .• "bet ""u t.,)y Or chrom o
..,Ily . The risk of an adverse .ffect from involuntary "xpasu ", of a gi"en 'JlC"Ics,
i.• ,. mink. or Balt'e ..,all . '. relaled to ,be type and mod. of transmi.. ion of the
chemical. th~ position of 1Mspeces In mefoodchain. the biolop;;al caaraci ere­
tics of tt.<,'pecies_,t.<,", 'olut;"nary stab'hty (or SWlttplibilit)) of tbe sp«ies. and
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the time in the repro<!ucti' -eC}\"10that exposure OXI'uTl. The Important facto rs

that dete rmine a ...;drspread ad, ,,1Y outcom e are:

( I) specificity (chemical and or biolo aXal) of the agen t:
(2) d.... and duration of exposure :
(3) roule of e,posure;
(4) llme of expos ure in relation to the reproductive event of interest .

The~ facto rs are common for the disparate outcomes of mutageneo i•.
terat ogenosil. ca"in ogenesis and reprod ucti"e to,icity . Although mutag<cnesis
and tera togenesis may he . ubrom ponents of reproducti '-e failure. (he repro­
ducti"" Sl"lem ha5 unique mecha nism' of a phy1ioloaical notu", that separat e it
from tOO5epatholo gical pr<lOXSSe1. The uni<lue factors influ.""in g ad, '''IY
oulCOme, of ", prod uct ive fUllCtlon. include :

(5) Olate of "'mat i<:d,,-.Iopmen t ~

(6) eure of sexua 1maturation (reproducti, -. capacity);
(7) .tate of fuoctiona l actiVIty (~'ual and rep1'oductive perfo rma nce).

The clinica l patl>:>logicalmanifestation s of chemical injury of thepr~ of
develo pment, matura tion and function may be produced at any age in the fetus,
the infant or child. or in the young Of older aduh . Soma'ic gro ...~h disturbance of
the fetus oflen continues to he .vi d. nt yea" later, a. may the on""t of injury
durin g infanc y or dri ldbood . The earlier the injury OCCurs duri ng d,, -.Iopment,
the greater the devia tions from nonnal polent ...1grow tb. An .'cellent .... mple
demonst ra ting thi. pnnciple is thoe.tr<:etof ciprettesmoking on reducing human
fetal gro wth by 150-200 g (term birt b ",eight). The normal growth potential of
smokers ' prog.n y is not reached by adolO$COn"" and i. probably redue«l
perman ently. In com""t. the pos tpuberul on~t of smo king d".. not produce
inhi bitio n of "'matic d.velo pment but ad' '' nce-s rep roducti, -. senesce"""
(menop au ",) , Thus the .tall" of ", matic r!e,-.Iopment at thoetime of the exposu re
det erm ines in parr the type of injury produced.

SImilarly , the stage of ""ual maturation determines the consequence. of
expos ure . particularl y 10 ,he man y agonins or antagonists of h.ormon. ""tion
that exiOlamong environme ntal chemicab . For example, an oestrogen agonin
such as the fam ily of pol)Chlo rina t«! biphenyls (PCBs) may alter the mascu line:
di fferentiation of the male fetus. may ind uce precoc ious puberty in girls or
prod uce mellStrua ldisturba ocel with a no\"UIa'ion and infertility in postpubertal
females. or oligoSpermia in adult males. Hypervitamin<>siI A or !>ea,)' metal
exposure may produce simila r defK:iu . Tbe clinical respo"," inducible in the
reproducti ve sl" tem is therefore great ly dependent upon the ,tate of ""ua l
ma tur ation at the time of expos ure. The ana tomica l and functional integrit)' of
tbe reproductive .)'otem may be descn'ned :u "p .oJucri"" cap<lCi ly, It i.
", metimes designated in statist ical de5<:ription • .osa population index : the tot al
number of women bel""een the ages of I~ and ~5 yearl .Thi s e1timat el thoenumber



of women ",-ho ha' " lhe oa~"y 10 reprod oo:: if they chose to ...,. the
opportu nily. llti. group of "'o"",n usually ronSiltutcs appro.. malelyone.half of
the ...·omen in an a~ra~ population _This statistic aSWmel 100"/0fertilily, which
i. of rou'"'" an o"(:I"estimal. of al least 10";' (those infertile).

Finally. (he<tale of lhe funClionalaClivity of the reprod ucliv. ' yslem musl be
OOll$io::kre<lin asse<s"", n\$of ad"e"" effects. In rontrasl to males in ...·hich failure
of ",xu al performance (imPOl. nce) may limil fert~ity. ", x\lal int<:rt:$1(lihido)
rather than ",xual performa llCe is much more likely 10 be ad~""ly affected in
femalc<_The mOlt """ili"e end_po int for inj ury is the o'-ulalory process. The
ear liesl po5lConceplional injuT)' lha t may bero "'" evident is 'suhclinical"
aborlion. d<tectab le only by O!>servinlla temporaT)' appearance of plasma
chorio n.: eona dOlropln in as<ocLalionwith a 'long cycle'. This n....iy recognized
eli",,,,,1 enl ily remains to be associated ...ilh ellpOSUre10 environmental
chemicals. E' ..n the qto genetics ba'" yel to be de5cribed_In ro n(raR , clinnl
aborhon has be<:n as<OCla led Wilhenvironmental chemical exposure to PCB. ;
ho "'·ev.r, the specific mechanism(s) is unkno "'l1. Mat<:ma l endocrine [acton ,
placcnuuion errors or le"lolo&",al defects could accounl for lbal Ios.s.Further,
inhiblllon oflacto~,....is or plaetopolcsisro uld only be .videnl in the puerperal
woman ""hose exposure may ha, .. begun d uring preg""lIC}' (as ""ith an acute
PCB u posure) or in lhc puerperium as may resuit from inilialion of oral
contraceplion. The populalion Slatislic used to describe lhe set of women who
arc aCb",ly rcproducinB i. the f.rtility rat<:or index; the number of coneeptiOl1l
annually per 1000...·omen in the Is--4Syear age group_ Within thISgroup a rc
lhose ",'omen dcmon"ralin gad, -cncly affected reproduni'" per!o rmann such as
second lrimell er abortion., stillbirth! and n.... born death! , [ronically. "''Om.n
havin"pon lane<>usor volunlary abortion' are not included in the fertilily ind.x .
N" 'j'llemalic a"""menl hal been .x-."Ioped to describe lhe ", t of ...xuaUy
aCli,-. or Impotenl men. or women wilh infenilil) ' or in"oluntory lactalion
failure .

3 MEC HAN IS:'>l S or REPRODUC1l \ 'E TOXlO TY

Xenobiotic agents may produce biol<>gicalinjury in the chemical form In which
they are abso rbed (d """ ..,lin B) or (!><y may lhrou gh bi<>activ"lion be
t"' lISformed after absorpl ion from inact ive (0 aclh -e agenll (indir"' t aclinll~

Direcl actmg aBonll a re oflen hormone agoni.n or ama gonisu having chemical
strtlClurcs similar 10 . ndogenous compou nd. (i .• , OCSlroBC1U)or lhey include
compound! ha,in g chemical ~activilies lha t inlerf.re ",-ilhphysiolollical pro­
CC'S$CS(i .• _aLk)-laling agenu., Ilea') ' melal!, . te .). The more subtl. reproduclive
toxicily of many direcl-aClinB chemicals probably has be<:nov.. looked at l<>w
expo.ures becau .. of lhe ir more obvious mutagenic . teralogenelic or carcilKl­
genic properties .

Indirecl-acung reproductive10~in5 produce (heir injury Ihroup. bioaetiva tlon
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of ""en Or ",-eakly rnlc,i, .. compound, '0 'hose hav,n8 ,ign,focan, cbe",,,,,,,1
aCli,'ily. Such chemical products may ha, 'c ei,her agon;.tic 0' antagonistic
propeniel . The major metabolic path""lIj" re;pon,ib~ for a.,,", 'at'on and
detoxication of x. nobiou C$arc contamed in h.palic and gonadal .nzymeo and
include a variety of cytochrome P-450 dependent micfOlOmal monoox}'genase; .
d.acyla .... a nd 1fafl$fera~ wbich conju"," a ,'ariety of roon-polar subsu at'"
" 'ilh ",Ipha ... g1ucuronid. and g1utathiollC moieties . Tbe balan~ bet""ttn ,be
a<1;,...tion and detoxication of foreign .ubotances maj ' be .ignificanllj u.... t by
tbe selecli"e induction or inhibilio n of ",me of these enzyme patb" 'aj'" Perhaps
""'" imponanrly. tbe balanc. of the peripheral metabolism of end-ogenou.
<ull5lrat.,. (Le.• steroid hormone<, bi~rubin. IhyroxillCj may b<d"lurbW b) ' the
altered ac\;v;tie5 of .nzj 'me$ ""u lting from expo,ur. 10 xenobiotics , Such
metabol,c <hanll'" may a lter tbe intricate feedback loops httwttn Ihe eNS and
JOnads upon ,, 'hicb reproducu,' . funct ion d.pend <. These mechaniotm arc
discussed in greater detail in I"" excellent re,'ie". of the subject (lee and Dixon.
1978; Malt i", n, 1981).

.4 REPRO DUCTIVE P ROC ESSES SUBJ ECT TO C HEM ICAl l" J URY

Tbe Va nOu,~ m 'be reproducl"'e cycle of higher mammal!; which are
subject to cMmtCill inju ry are illuOlrated in Figure I. Difr .. <:nce§ in tn.
a"",omy a nd the . ndocrinological regulation of ,he reproduc'iv. S)'st.m ca use

A"·"OnuC:Ttv. CVCl'

f i,u," I R<p<och",',, '. pro<e> .... . ubje<:t", chemical
,nJury. Th< ,ol<N.btionsh.ops 1><'''''''0.-..prod"",;"" o.-;t
muta,.,....., l<ra'o~ and ca~nOFI><SI' arc
,ndlCa'od (aflor Mall""". l%t )
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eenain of tile compo ncms of tile reproduct wc cycle '0 be more vulnerable '0
inJu,y . For c.ample . the: "'-p'-d meUlbolic acli" ;ly of spermatogon ia §«Ill' to
mah the production ofsperm particu larly vulnCJ1lblc to injury' by va rious druB'
and cn" l!Onmcnlally acquired chem icals (Hunl n al" 1979), Similarly, the
pro found inhIbitory effe-:'of '-asoaC\lve dru gs o n lum""",nce of the male
copul atory organ is a "",spe<:ific response not shllrcd Wilh females (Hu nl n al,.
1979: Aoonymous Consu llantS, ]980) .

The com plexity of the reprodueti"e process makes this systt;m pa rt",ularly
suscepli ble to chem ical inju!) The rapid tt l! di, 'i$lon rales of ,perma togon '" and
the recurrinll ovaria n cycle are pr""", ... subject 10 injury from bolh acu le and
chron ic expos ures, These lypes of e.posure are the pr imary objecl ive<of roul i""
to.icolog;c.1 l"' linll- The three -generalion tesl for to.icolo gical injury of
reprodUCIion in ratS represen tS a suboUlnl",1 allhough incomplel e approach 10

defining defects among the '-arious reproduC\; ,-c processes. Unfort unaldy .
subtle lalent inju ries such as chron", anoes trus and premalure ova rian 50""'­
cenc:e Oro nol ident ified by this melhod bccau « il ut ilizes only young a nimals
(Friber g and CedcrlOf. 1978: w righ,. 1978).

5 ADVERSE REPROD UCT ION UFECT S

5.1 Reprodoetion Ca pacily (Females)

In women or in femal< animals. o"l,lat ory defect. have been obsen'cd or
produad Wilh DES. DDT. PCBs. chlo rda n<:. heplaChlor . aklrin and he.achlo ­
robenzene. a ll a re halogenated hydrocar bons. The polyc)<:lic hydroca rbons
inhaled in cigarette .mok e are thou ght to dc>:rcase ,he agc of spontaneou s
menopau« in women. Alk}'!ating age nts and Imuran are known to prod..: c
ooc) 'te deat h and to produce prc:lttllture meoop alJ5<. In e,perimentalan;"",ls,
DES, PC Bs and DD T gi"endunn g tbe peri nalal period ha"c prodPC<:dchronic
anoc<lm< In f. mal< pro geny (Hunt el al.. 1979: longo. 1980: Maui """. 1981)

S.2 RcprodlK11n Puform aoce Wema les)

5.2.1 SH oal DJSf un<:litm

Little is kno"'tt abo ut any predicla ble inhibitor y effects of ' enobiol ics or dru gs
on .. ' ual S«:rc:I;onSor orgasmic responses of women. Nc"c rtheles< monoa rnn'>C
o,ida .. inhibitors , <t:datiw drugS, cannibu •. heroin. methadone and alcohol
hav. beensugg.. ted to diilurb libido and perha ps. orpsrni; respons i"ity (1lc11
aoo Tretho"orn, 1961: Gosso p n al : 1914. Ao on)'mous Comu ltan". 1980).
Sine<:the .. 'u al aclivily of .ubhuma n primat.. and of o'ber mam mals is t ightly
linked to ovulalion , d,screpa nc:;'" between reprOOU<:tl"c capaci ty a nd " ' ual

performance, are difficult 10 model or 10 n udy of humans e. eept In " 'omen
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5.2.2 AlKJrti",,-Ettrb')WMki'y

R~p,odu<"li'" f~ilu,~ short of rtt<>gni:ubk co"'<>,t,ons has nOl b«n $lud,f<!
adcqua ltly . ahho ugh estimates art lhal I5%of potenlial concepl ions fail becau ..
of defective 0..... and anolher 15% fail f,om faulty placenla li"n (McKusX:k.
197&).The obse,v ation lhal the abort" .... of 'lOoking WomC1lha,'~ normal
chrom<>SOmeSSuggeslSthal,m pla ntolion or placenlalion failures a re rcspon<ible
for sucb 1o<Se!l( Klin~ flal ., 1977). Current estimales are lhal all~a" 40'''0 of
conceptuses lhal s<>C«$srully implanl. as ~,'idenl by plasma huma n chorionic
iOnadolro phin or b) clinical abortio ns with histological confirmal ion. terminale
in abortion (Ro heru and lo", .. . 1975). Appro";ma lely 50\ of tbe clinically
appa.-ent conceplU.... are genetically abnormal wilh unbalanced chromnsom~

d<f.... ; Olhers hav~ halanced chromosome .hnormalili~. or poin t 10muull ion.
thaI become C"id,nt sub§eq", ndy if pregna ncy conlinues (Boue and So,," . 1978).
Relrospecti,,~ data indocale tha I e~posure to anaeslhetic gases. of either

"''Omen or their male partllfTS, 'esults in a <ignilicanlly increasfd abo rtion rate .
Of the polenllal agent<. nitrous o~id~ (N ,0) ha' been 'hown in humans and rats
to he a""" iale<!"'ith abortio n or embryoto~ici ly (Coh en" 0/,. 19801. Smokin8
cigare" .. or mod~rat~ or excessivealcohol ingeslion hy women (bUl nollbe male
partner ) is relate<! to a significantly higher rate of abo rtions. particularly of
sceond l n mest~' 1o<Se!l(Kli"" "0/ .. 1977; Himm~lberll"r fl 01.. 197&:Harlap
and Shiono. 198(1), Embryoto~ic effects of 2. 4. SoT (2. 4. 5-tri~hloropheno~y­

acelic acid). a h~rbi( id' lhouShl to ha, .. produced abo rtion in a popu lation of
Qrt gon women (Offi"" of Peslicide Proi ram, . 1979). have nol b«n confinned.
Some species oflaboralOry animals (mic.) h.... ,ho",." tera togenic r... pon.... to
lhis compound (Courtn.y ot 01.. 197(1): how~" ~r. otbe'" (rats . rabbits) are nol
affectf<!(Em~rson" a/ .. 1971). Dioxin conlamina lion of the herbicide may have
produced lhe damage (CI<gz. 1971). h ",-asnOl possible to link lhe exposu re of
lhe Virtna"""" 10 this berbicide "'i lh lhe oemrence of abortion. stiUbinh or
fetol malformalions (Nalional Research Council. 1974).

The poll"'h lorinale<!biphen}'l. (PCBs) ha"e been shown 10 produce " iUborn
Or 'cob -coloumr babies (Mille" 1971, D HEW. 1975), Some hal*nate<!
hydroca rbons have ""'lr~nic propertres. but DOspodfic mecha"""'" of tllti '
reproduc li>.. lo~icity ha'-e been <lucidatf<!, Sows fed Aroclor 1242 (o"" of lilt
PCBs) at 20 p.p,m, durinll gesta lion farr o""ed f~""er liv~born and had increas.ed
numbers of mummilif<!f. tuse> (Hansen eI al.. 1975). Rabbits. mink a od rhesus
monkeys seem to be pa rticularly .. nsiti'-e to PCB. durin, pregnancy ""ilh
abortion mull ing from S-2S p.p.m. in lilt d~l: m« a nd rats w.re all"ectodat
hiih< ' levels. but teoded 10 produce neonala l \oss ,al be, lhan abortio n
(resorpt ion siles) ( Vilknu",~ " 0/,. 1971; D HEW. 1978).

Bromine analo llu•. or PC B, . polybrommalf<! biphen yls (PBBs). If<!10 an
increa sod incid<:nce of stillbirth. in callie in M>chigan whi<h ingeslf<! lire
chemical "" a food contaminant (Jackson and Hal bert. 1974). A fe><' human



pregn~ncieo in"nlving women " 'lh l~rF body burden~ of PBDs deli"cre<!
"it hoU1ftt ognl2Odcomplication, (DHEW. 1978),

Adve"" embrynln 'ic effects of organoch lonnaled pesticides including DDT.
Kepo nc. chlordane . mirex. DBCP and heptachlor ha"e nol been clearly
idenlified in "·omen. ihbough effceu nn , pennaln &enesi, ha, .. bttn " 'eU
documentt:d . Premalurel y deli"ered infants had higher concmtratioll$ of DOE
than infants delivered at teml (O 'Leary et ai.• 1910; Gossop n ai.. 1974), The
lauer observat ion in women i, . uppon ed by studies indicat ing lhal when
California $Ca lion~ were puppIng premalurely. lhe mOlhcn and their pups had
t,,·o- to eightfnld irn:reaKSin 11$.'1"" .... idues of orpnochlorine pesticides and
poI).. hIorinated biphenyls (DeLong. 1al.. 1973) . The ad,e". effectsof organo­
chlorine pc$licidcs ha,. bttn documen ted in mice (Keplinger " al.. 1968:
Lundberg and Kihlm {im. 197J) and beagle dog, (DcIChmann t l tiJ.. 1971) bUlno
tmbr)' olox ic eff..,l wu found in ral~ (Wrenn tl ai.. 1971 . ). e".-eo(Wrenn.1 ai..
1971b) Of caltle (Maclin . nd Ribelin. 1971). Endrin ~nd Kepone als<>rcduaed
lin.r number ' and ne"..born ",-eighn (Good and W~re. 1969; Harr tl aJ,. 1970)
but dieldrin redtK:cdnnly ne",-born "eight<. Th= obs¢r,,,tion, emphasize lhe
importa l1OCof specificily of Ill< agenu and ,pecies differ.nces in r.prnduct i,·e
loxicology.

The abo,. limited ~riplion focu$<>only on the early components of til<
reprnductive cycle. Space docs nol petrull here an adequale enumera lion of Ill<
many hundred. of agent. whicb can be implicated in reproducli" . failure . No
.nempt hu bttn made 10 include Ill<body of leral ologteal ~no,,'IcdF. o-n.may
safel)' speculate lhat CtJrly gct tational injury. e".n prior 10 orpnogcncsis. ;' llle
most commonly affecled compo nent. allhough deficits in fetal growtb from
unkno",-n caU$<>S«m to clinician' 10 be incr.asillilY frequent. Subsequent
postna ta l de"elopmcnLaI and beha\"toural dt'Ofden In r-dali on 10 • hoslile
intraut erine en"ironmenl or lran, fer of cllemicab ' ia lactalion arc only
begmmng 10 be ' Iudied and catalogued. Perinata l and childbood deatm or
cardnol\'>Desi•• , consequences of embryon ic-fetal differenliat,on and de,.. lop·
ment is an old concepl thaI i. coming ofa ge. Much mOrt aSlule observalion and
expe-rimcntaltestin g "ill be necessary tl>.. t.b/i,h .. fety guidelines for a"oiding
cll<mical inju ry 10 human ",production
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Adverse Eff ects of Chemicals on Ma le
Reproductive Function in Mammals

TH>.OOWS MASS and (:B;ruA LL"" 'AK·MAs ,,

I I;"'TROO UCTIO N

The 1"'0 10pies ~laling 10 mal< infmililY causM by chenllcals, namely,

( 1) the <ffttu of plIarmacoloalCal and nth..,-chemical allents on Ihe lestis, male
accessory organs, eJaculalion and spermatozoa , and

(2) lhe cr;leria usM in the eva lual;on of chan~ produ ced b~ lhose alienI"

a", deliCribroand di$Cusscrl below m a lI<TlCralmanner only. A more detailed
accounl of curren t .... arcb aimed al "" lvinillhe complex mechanisms wlticb
u!>dOlI;' tl>: action or anlifcnil,ty agena. and II>: l1lCansof quanlila,ively
appra" ,na ,he adv....., dfeca, can be found in our =nt monoa rapll on Mo~

R~prod~li,~ Funclion ""d Sf_n, TJoem.. ""d T"nds iJt I'hp iolol Y.
BiocM miJrry 0'1d IMUllgOI;''I'AndroJ0IY(Ma nn and Lul,,:a l ·Mann, 198 1) and
in .. veral ~view art icle! dcahnll with .pccific aroupo of chemicals (fbo ma. ,
1975; Neumann n 01., 1976: Gomes. 1977; lu<:;"" ., 01., 1977; Thomll$ " 0.,-,
1977, Pa~o<lli. 1978: Ou on and 1.«, 1980: Dougherty . ' 0'-, 1980 : Oa ,'ies.
1980; Amann. 1981).

2 En 'E CTS ON 'r rsns . ACCESSOR Y ORG A;', S,
F.JACULATION AND SPERMATOZOA

1.1 Hall"" inogMS. Opia les. AmplM1amines., Coc.; .... • nd Alcohol

Se,ua l ,nadequac~ ha$ lonll been k"" wn 10 dr;' .. men 10 hallucinogens and
psycboodic drugs , in ho pes lhal thc}'can lhe~by enhance their libido and .." ua l
gratification. But it is equally "",ognlttd lhal add iclion to sub51ancessuch a. the
opiates. kad s to an opposil e effect, that is, an atrual dec,..a", in ""ual d<;s,,,, and
p"rforma~. On lhio .u bject the,.. IS a fast grow,ng hlcrarure, and apart from
op,ateS many cner haUucinogt:mc agena. sucb as LSD (o-Iyserp: acid
diethylamidc) , moscalinc, p.iloqb in. cannab i. d", i"ah"os and 'ayahua""a'
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.mong olhers. ha'e been ",ce i'ing increasing .nemKIn (Mann. 1968. 197(1;
Emboden. 1979). We haw as yet much to learn about themecllanisms underl}ing
tll<.ction of .1I1he.e h.lJucinoiOn,; concerning Ill<I"l -menlioned 'ayahua", .·
(Banis ltr ia NI(Ipl). its ha lluc;noiOnic propen;es a re ",pposedl) deri,~ from tll<
pr<Sentt of harmine and hannal"", "hioth by InhIbiting monOilmmeo"idue .can
lead '0 ,be ,"""umula,ion of endogenously syn'htsi2cd biogcnic am;nes. 'uch a,
.pin.phrin. and nor.p in.phrine A direc' inhibilory elfecl on monoam ine
oxid... i' .lso at lhe basis of lhe action of ",me olher potent pharmacoloaic.1
ag.nu. and in panicubr ttna in IlSjchopharmac .utiotab weh a, pll<""lzine; by
inhibitIng monoamme oxid... . thi' drug inl. rf..... ",'ilb Ill<norma l melaboh ,m
of biogenic amines. ,uch as norepinephri ne. dopamine . tryplllmine and serolonin
($-bj d,oxj tryptamine ).

As in the ca.. of narocotlCS and hallUCinogens. Ihcre is e,-ide""e fOTIhe
•.' iSlence of a relalion,h ip bel",'.. n ampbelamlne dep<ndence and .. . ual
ilUldequacy (re.l or imagilUlry) In men, Though occasionallj lbey Slimulale
libido. on lhe wbole. amphelamine compounds lend 10reduce the standard of lhe
mallng p<rfonnance . and In Ih'" respec'llI<re '" $Orne. tbough admlll«llj nol
elose. similarily be'''' ... n ampbeta mines and eocain., The Iau.r ofl.n .nhances
male .. xual d..... but at ,he same lime rodUCO'<.. xual power . It is imponan"o
bear in m,nd lhal men as well as animals . xhibit a "'ide range of individual
responS<'O10 drugs such as ampll<tamine . cocame and morphl1"'. Th" parI;·
cularl y appl ies 10 lhe action of theoe agents o n 'he Ojaculalo» prCltt'S_ For
e, ample. in mitt ,he eXtenl10which morphi ne depressn conlraclions of lhe "IS
deferen' and 'h""'bj inh,b iu lhe ejaculatory p.oces , i. 'train dependeD1; les'
morphine is r«ju;r«llo IUpp"" the conlraclion' of lhe deferem duct ;n the TO.
than ;n the C~7 BL Slr~in (Henderson and Hughe!i. 1976).

Ex..,s",'e alcoholeonsumplion by men i' frequently a''''''iated '" ilh failure '0
achie"e or maintain ereclion a nd a ll"Derallj redllCOd.. ,ual performance . The
impolence paltern in the alcohol~ has Ions beefl rtto llniU<lby physicians and
laymen. and it ba' been fr«juently expressed ,n the ~Ieralure. as for eu mple. ,n
Macbe'h, ACI II, Scene Ill. ",-her. lhe porter thu . answer< Maro uff , enqu;.}
about Ibe .tTeel of 'drink', 'L=he'Y .• ir, II provo kes a nd II unpro\'oke' . il
pro'", kes the desire. bUIil ta kes a",.y lhe performance .' Animals don·,,...m '0
differ in this .... pect from man .• nd experiments on male rals inhaling alcohol or
ether ' "pours ha,~ demonstraled clearlj lba l ereclion . eJaculalio n and copu·
Ialory beha'iour are all ad,~ ... ly alfecled . Moren' .. r. lhere are indications lbal
Ill<delelenou< efl"eels.. pr.... lhe"""h ... Ina redllCOdsun '",,1 Tateof progen}'; in
mice. progeny number and ' u", ;val rate "'.. re shown to be diSlinctly lo""er In
lilters ,ired by ethanol'''ea led mal... lhan in conl.ol$ (Bad' and Bad r. 1975;
AlId.-...on r t al.. 1978). A .....pectable amounl of work bas also been done on
etree" of alcoho l on testosterone ele.rance . ronsumptlon of alcohol by men
ele,-.t.. lhe metabolic clearaDee rale of tesloslerone, ronconulanl1 y w;lh
Increased acti"it) of the enz)'matic sj'stem responsible for the aromalizalion of
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1.,.l osl.ro .... 10 llOStroson; hence lhe increased ri5~ of gjo'naoromasua iGordon
tI aJ..1976). T"'licula r alrophy and a hIgh ,.. ",emaS" of 'perm abnorma lilies in
snnen are anOlher f""quenll)' encountered findings in chronic alcoholic> (Van
Thiel " aJ.. 1919)

1.1 lI"hr<lr••1C"homicals

Amon g subslar>ces....hich inOu.nce ad'"rsoly lesliculor funclion and lhe OUlPU'
of Sperm' lOwa in semen, induslria l and therapoullC chemical. ran~ ruSh in
importance, Many of lhem produce gcrminal aplo' ia. ohg",pormia, azoos·
pormia and also a decrease in tesloSlero n. formalion. ,hey are furthermore
.... pon . ible:for failure of erection . •jaculolory dislurbanc ... a l>l1o' her symp10rns
of d"fi<;lentmale: reprod"",i"e funcuon .

Indu Slriald"'micals wilh such propertl ... include a wide range of insecticide, .
herbicides. fumigants and OIherpeslicides. !lameretardanl Sand polrol addit" .....
Someof l hem affecl lhe testes and male:a=Or)" orga ns dirttt ly. some influence
lhe melaboU.m of olher orgalL'!a. " .. 11.and as repnl> failure of .rttlion and
ejaculalion. which ha. been reponed for instaOCl' in agricultura l wor~er<

handling herbicide. and peslicides. these cbemicals aClon the parasympalhelic
and sym palhelic n.rvou Ssystem and thereby infl""nco lhe """,banlSm of cenlral
"",,'ou , lransmission, Organochl orine and organobromi .... rompound, ron ·
Shlute a panicularly serious hazard to lhe male:00 accounl of lbelr antifertility.
mutagenic. carcinogen;'" and in some instances. OCSlrogenocpropert ..... aggra·
"a,ed by "asy abso rption lhroush the skin and accumulotion in tissues.
Poll"'horinaled biph.nyls (PC B) "Illch are employed In the manufacture of
plast"", lubncanls and fla"",.reUlrdant synlh<tic fib..... quic~ly pe....lrat. lhe
"-orh~' prolecli' " clothing. Hillh pe"""ab,hly oflhe sbn and SlOrall" capacity
in lhe lissues (fa l In particular ) a re a lso <haractrnstic of polybrominaled
blph<nj' ls (PBBs). abou t whi<hmu<h has been heard sin"" lhe Mi<higan incidenl
in 1973 (Chen, 1979) when se,.r al thou", nd pounds of PBBs.. inad""rt<ndlj '
mixed into li>'estoc~ feed. caust<lt hedeath ofl arll"num~ oHa rm animals. An
., -en more lrail< .,.nl "",",urred in Italy. in 1976. "he n ·d ioxin·. anOlber 10xi<
chlonne compound ......as a<:cidentally discharged from lhe lrichlorophenol
.. a<:loro ' ..r a large populated area in So,....... cau,ing mU<hhard.hip 10 adults
and <hildren. and ne=.il alinll prolonge<llarge-scaJe. ' '' CU'UIDnof lhis r.gion

Ar .... t of speTmalogenesis and ,",'.re doge...... l;' .. chanS"" ;n the lesl<1are
charaCt.ristic of lh• •ffecu produ<ed by a number of o'her Chlorineand bro mi....
organic induStrial chemicals in men and animalo. In lhlS category are
dihromochloropropa .... (soil fumiganl againsl n.malodes ). dibromopropanol
(Ihe mUl:lg.nic d.ri'''li, .. of Tri. -BP) and dlbrontO<Olhan. (a petrol addil i"" and
a fumigan t used in conlrolJinll g", in insects and for di. infecling seed. 10baCCO
and food in S1orage~ Similorly dangerou. are ilL'l<:Cticid.. ' uch ad DDT
(dichlorodiphenyl trichloroethane ). and herbic;des such a. ,he defolianl lri·
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chlorophenoxy aectiocacod. Many other substance, have also gamed much
attention in ~nt )U,.. as polmlial amifcrtilil)' and mutall"nic agtn ts. Of
.peeial concern arc in this I't$roe<'lT rio-BP (1fiJ(2. 3-<libromoprop)1jphosphat e)
and the chemocally closely ~Ialed Irl' [dichloroprop )'l]phosphate . 'ir-.::eflame
~lardants speedily penetrate the din of tho human ",rotum

A, rt garrls inl<ClIcides... "era l organophosphorus compound . bt loniin g to
this group ha,~ bttn ,hown to be po"~rful inhibitors ofchohne estera .. , and
p;mllhion. lho ext",,,,,,l y 10.tic phosphOlhioale analogue . was sho"'" 10 be an
effective inhibitor of testosteronc metabohsm HI the live r. Testicular atrophy
and in ",m e iMta"""" involulion of lhe male accessory orga", ha"e btt n
ob50rvod in animals after tbe appliocalion of a gocod many o ther industrial
chemicals. notab ly ca.rbamate i!U<'Ctiocides which inhibit choline estera ... para ­
quat and elhyJene oxodecyclioclelra""'r (endowed ",th chelating properties ).

Pronounced antifertility properties an ributablo 10 either spermat"llenlc failu'"
or inhibilion of slcroldoll"ocsis in tho testtl. a", typical of " wide rango of
chemolhe rapeulioc drullS. Nindozolr . tho ", hl, tO$Omicidlll drug ;' • stro ng
supp""'", r of lhe meiOliocdlVi.. on of lho spermatoeytCS. Cy<lophosph.mtd e. the
cytostat ic drug usodeffeclivelyin the lreal1mnt orlymphom.a. acule Iymph¢<ytioc
leukaemia and nephrolic .) 'ndrome, fre-qunltly produces grrmina l apia, ia and
azoospenn'" in palient. on Immuno, upp"",i,e tllerapy. especially when used in
combinalion ,,'ith otbor cylostalic agenl" Cime-lid "' e. whiochi." idely used in the
t<ttt"", nt of pqltic ulc<r di....... c15 both as .nliandrogen and anti ­
.pe rmalogrnicagenl: it lo" C"' lheoutput of spermalOzoa in the hum.anc}lIeul.te
and in "'''''' ca.... produces impotence and i)' naecomastia; in male rats il
inhiblu competlli, ..ly lho bInding of dihydroleslOS1<TOneto <ytopl''' ml< ....
""plOl'Sin the ,'entral prosta te and >eminal 'co icle,

l .4 "" )dloOp/Janna«u llcals

Amon g!he antt!"ych olic,antianxiel y and antidepressant deuS' belonging 10Ihis
group and available for tho t"", t"", nt of emol>onai dISOrders.there arc se\~ral

that alf""t male reproductive fuoction . Thioridazine and chlorpromazitte ha"e
bttn reported to IOtmere with ejaculat ion. to "....ken erection and delay
ejaculation in men. Reserpine:. another antipsychotic dfUg. inh,biu <]aculalion.
though by no means consi'tenll y. Men tcealed "'ith .... rpine: f""lucnlly
complain of loss of libido. and so"", al'" exhibit feminization .) 'mplOms.
proba bly d ue h> changes in the neuroendocrine: aclivity of the brain (lhe
hypothalamu . in panicular ) and interference " ,th the bios)'nthesis. ' 10""1" and
...leaseof biogenic . miocs. A.... prd.tho anua nxiety and antidepressanl agents .
failure of ejaculation has bttn described in "",n treated with chlordia:tepo'id e'



'"
$Om~ of tn. hydrnzide deri~a{i,·es have also been shown 10 poose.. an!l­
ejacula lory prope ni ... .

2.3 Anti'p",malogtnl< , Antla"drogenlo aod Sp" "" lddaJ Agents

Bro adl)' ,peaki ng. an ti, perm'lOge nie agent. faUinto three group•. name ly rhos<:
act ing on the mitotic . meiot ic and pOStmeIotic stage of .p<rm deve lopment , but
on close exam inati on some of these subslal>CeSaffect se".r~l ,ta g.... pend ing on
dosag e and cond itions of (ealmenl . Cokh icine acts mainly on mitosi. , whereas
two-p hase , tenlot)' is typica lof ""mu" alkyla tingag ems such as {"'tamine (2, 4, 6­
lrielhyleneimin<ltriazine). Nilrofurane de , ;"at i....,. ingested by mice or rat,
inh ibit predominan lly lhe primary sperma lOC}'te ' tage of .penn. toge n",;" but
they ca n also destro y spermato gon ia. N ilrop yrro les are capable of interfering
"'jlh It><prima ry spe rmatocyte stag e and 1M sperma tid tran sforma tion ,

T"' les teron. itself. "o t".-itMand ing tbe fact thaI it is a normal produ ct of lhe
lC'Slisand essential for spermalO genesis and funcli on of the ma le accesso ry
organs, when adminislered in su'lable dC>St:5,can successfully suppress spermal o­
geneSls and thereby pr oouce olillosperm ia or lempo rary azorn;permia, II is
because of !his anlis permalo gcnio:activity Ihal leSIOSlero"". alo ng wilh cerla m
olher steroids such as da na.2O! Of vanOuS progestal ional " ",o, ds, has he<:n
con' idered for use as a mal<con tracep tive (p'lane lli, 1978). The se suppress ive
effect>on Ihe teslis are , however, DOlthe ,"",ull of a direcl interact ion with Ihe
leslis . bu t lhe outcome of inhibilory influence on lhe gona dotrophic func tion of
lhe pilUilary gla nd . The sarne is trw: of certa in (}e$leogens, "e ,oi da! and non_
steroidal (e,g, dielh ylSlill>oeslrol) which acl main ly ; 'j" lhe pit uitary gland . In Ihis
respe<.Ot. however . lhere are notable excepl ions . and <>estrogens in partic ular can
proouce inhib ilory effects by actinll on the lesl;s di rectly. The anlis perma tollCnic
action of rnelhall ibu re is mroi a led b;' Ihe pilu itar y gland . and lhe S-arne ap plies lO
certain silo 'anes and chlo rmadi none, as well as lhe new synthelic a gonists of lhe
hypot hala mic gonad otro pin'releasi ng horm one, whic h when injecled in ,uitable
d""" o"er a pen od of several ".-eek,.strongly mhibit SpetnUlIOllCn<:si"

Quile distinc t fro m lhe pitu ilary -medlaled mechan ISm of aCI;on exerted by
lestoSlerone and olher steroid<on lhe lestlli. is II.: mode of aClion of lhe ,o-eallro
aotia ndrollCns. Cyprolerone acetale, mel hyl norteslos'eron e a nd o' her a ot i·
and rog ens acl al tho 1evd of largel orga ns. he il lhe leslis, pr O' lale, ", m;nal
ve, ,,,le or olhe r organs. The ir pri ncipal acIion depends on compe tinll ..i tb
testos lerone and dihy drole"ost erone for andr ogon recopIO". By blocking acces,
to \e$lOSlero ne and dibydro testoslero ne, lhe antlaOOrOllCn, prevonl lhe $oM li
cells in the leslis from forminll normal secrel ory produ cts such a, the a ndrogen'
bindin ll prolein, and lhey pre"Ontlhe ma le acCt:$$(}ryor gans from ca rryinll oul
lheir norm.1 secrelory funct ion. expressed In thoforma lion o[fructose , ci lric acid
and othe r chemical con st,luent< of Iho "'minal plasma,

Corcermnglhe mechanismof acuon of drugswhichmreractdlt'CClly Wtlh



140 Mnh odsfor As.<ns ini/ the EjfeCls of Chemicols "" Rep'Odw;liw! Fwy:"oll.<

'permatozoa. dist,nction must be drawn between ,ubstance s "..hich. '" hen acting
on spermatozoa ,'n .'ilro, immobilize them re' -ersibly. tha t is temporari ly. andcan
ther efore be dC',gnat«! as spetTmo, tatic . and otller agents . more proper ly ca lled
spermicidal, ",hich inca pacitate the ' permatozoa permanently (Mann, 1958,
1%4) , EnlYITICinhibitors. such as sodium ftuor ide. are on Ihe " 'hole sperm,o­
static. pro"ided lhat their contact wilh lhe sperm cell i' nol a prolong«! one: ""hen
lIuoride is removed from the spermat020a ,n good t'me . mo tility ....:overs. Many
thiol ",age nu and mMt detergenu, on the other hand, particularly" hen apph«!
in high concentrations ,are spermicidal in lhe full ..,n.., oflhe term: the structural
and biochemica l chang", which they induce . such as disrupt ion of the sperm
plasmalemma or the leaka ge of intracellular enlym", and coen>ynt<'S. Cannot he
reversed . But in somc in' tance, the adver... effects of th.... ""bslanees can be
prtYent«! by ad",~ appilca t'on of cer'tam protecli,'e agents, Thus. for
example, the antipero~idant factor whIChwe detect«! ,n the seminal plasma,
effectivdy protect' the 'permatozoa from the lethal effect, of unsalurated falt y
acid peroxides (Jones H oi,. i979 : Mann eral.. 1980). and sulphhyd ryl·
conta ining ,u!>stan"" ,uc h as reduced g1utalhione. cysteine or ....golh,on.,ne Can
protect Ihe 'permatozoa from llle ,permic idal effect of ""rtain heavy metal,.

Amo ng heavy metals , copper and mercur y (mo rganic a nd organica ll}'bound)
have stron g spermicidal propenies . Systemically introd uced cadmium also
constil ute, a h.. ard to lestiru lar function as clearly demon'trat«! by Parizek
( 1956. 1960), bUl'he " 'ailahle evidence f,, 'ou," the view that the destructi"e
influence of cadmium on the ...miniferous epilhelium is ca",.cd primarily by
ischaemia and =,olic changeS due to interference with lesticu lar ' ·ascula".
<-a'ian and brea kdown of the blood testis barrie r. In line with this concep' are
some obse"-a tion ' on lhe countereffects of ..,lenium WhIChprOTects the te' tis
from the injuriou, effect, of cadmium, Apart from the seminiferou , tubu les and
spermatogenesis. cadmi um damage, also the intersti'ia l ti.... e ; in the hamster. a
single injection of 1mg CdCI, produc es a marked reduc' ;on in the con tent of
t.. toslerone. dihydro t.. to'terone and olher steroid' in both the testi. and lhe
blood (Lau ' / 111. 1978).

Of the many other . u!>stance, wi'h either anti,pe rma'oge nic or spermICida l
properties . two ha,-. received except iouai attentio n in recent years. One is
gos.ypol and ,h. other ,-<;hiorohydrin . A' a resull of .xtens ive Clinical 'ria ls,
conducted mainly in China. go"I'POI. a disesqui, erpene aklehydic con.t itue nt of
collo nseed oil has been recommended in that COUnll)' as a male antifertil ity
agcnt; afler 201flltday, orally given for 2 months. most men had a sperm counl
below 4 mill,on 101 Or 'howed necro,perm ia. The mecha nism of lhe anti·
spermatogemc action of gossypol and the variou, general 'i de effect. ","u l,ing
from its ingestion. are $1ill under in' ..stigotio n ; gossypol is ai' o known '0
immobilize human 'permato,oa in \"" Q. but at con""ntra ,ion le,.. ls
(5- 40 mg,m l) which are far in ex""", ofdose' effecti'" in "iw(Waller n al.. 1981).
Ch lorohydrin act. on lhe Spermalozoa primari ly in the epididj1l1is, as ,1Kl""nby
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expenmcnlS on fall; tbe 10'01) of chlorohydno prccllldes jill 1eSWI1,n man .
T V' II CDl) ...... t'" met in !be 'P"f1D'Ito.zOl SftlD to be specially ICDSIU'c Lo

ChJoroll)'drul; OM m -inas1)an>1 ~. and Lbootber ~kkh)'<k·J-

pIoosphal< <khydro 0tJ0er compet,lt\'" 'nhibolOn ol~ alZ)meI

incIudoe• , .. net) of anlJmOUbohln. lOCh U deoI)~ aDd chlormalCd

~P'"

J \IL"THOOOLOGICAL C RITERIA . , THE APP RAts AL
OF 0" ' lAGE ' ''D LCW B' CIIL\ lICALS I' TI lE

\ '" L[ REPROD LCTI \ '[ lll:ACT A,"0 SE.\I E:'\

Th e ohimatc lOS'of ma le r. " ilil) i> till<,b,h!y cree ~ permatozoon Lof.rlll~ tho
rgg cell ~nd 10 prodo ce n. all hy (>fI"spnna. The quic k" l "''''Y10 U$C51 Inc
fCrlihzio, ab,l ity Drthe i penn a tolOon untk' laboratory oondi\lons is to perform
th. f.rl~izalion !CSt in .-ilro . Tn ;' pr<x:.du~ is now cxt.ns i,,,ly ut ,l,;eed ,n
in>'estiptions V.llh tbe pmo t.. of laboralory ammall. and it "'" ~n 'ugtStcd
thal.1 may form a bUd forexploflllJ lhe cifCClold", •• that inter r...., .. nil tile
prO£CSJof lpCntl po....'ral;"n and fmihzallOll. For ex.ampl<. r.rtil ...."on of.
f<nhly ptOC'\Iml ID()IIX ell ",ith ZOM pcllucida ;OlaCLby. IDoOUK Ipcnn&.

!OWOII. can be 'nhiblted (ilt rim.) III a ~ndcnl fastunn b) 50_
d>obJ>O<llllQtl,.;a.l'>u$ (Flonnan aDd SU>r"Y.198n Ho.........,r. a '<$'or lhla k".d
oould /laldl) be <O<\ln'd) appbcd '" b"mall"_. "'" "",,,,I) be<:a~llwy afC l>OI

re:add) a....llable. bul aI,o b<a._ Iba' '* for Iabor:alOl) UpcT1rrICIIII 1M)
rord\i;I ,,,,b ,,<hal ._ ... II • "",",vnhy lila, ...... '" buman 'rnmatolOl a,.,
capableorf\lWlll ...,I!>"'" ",dh ... momtn"" oflOAl-dnl1Jdcd ba.maln-..... altd
a", I<lb5eqll/lflllyca.pa~ of~ do:ol>dc_""ll..1llld Lb>$ol>sn\'I\.IOIl

1'1'" OK 10 llw Ill""""" 'hal !Iammr ""' rov.ld be llSed for _)l"l'be
fen,hzml poIenl .. 1of bu .... o opermalozoa (Barma ,,<11,.1979): zona.f ..... c_
of "'" hamsur a1fo f_ ,,;111'p"rma1OUlOl of Ollxr anima ... C.I- ,IKNC'of "'"
lUinca P'I aDd boar, IIx lalla" beinl able 10flM only aflu Iltey bo•..,un<k""""
lbe ""roootllC' ",,,,,"on, " 'hich is. lIOrmal pRrequ .. ,'" of fenilizalinn (I ma , " fII"
1980).

So f.r. lbe l"C'pro<!ucibil;ty of III< n.mStcr "'lII In "11m 1.. 1 as • method of
am Y;rI£ f.n ilny ,n indni dual men h., been ,n' . ;lIpl ed only on a 'ma ll scale
(8 .nIl'00<I ""I., 1981). but 11<el in""' l pnw:tteab,loty for drUB"' lnn ;n&<:<'la,nly
d=r \,('$ f"rtM' • •pIOl'llI,on .

). 2 [ .. h.. t .... of T... ,in lar f nnclioa

Tn,""lar bKJl»y. "'" free of hazards. 1'00... ,Ix bo, hi!l\olop:a.lanal)'5tS of
U'iS\lC'~lIllens oOwne11bj l!usllKtbod twbetDro.:opuzcd for:ll,)lllOtun::.,.
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Iltlpful proudurt for dlagnosmg 'ptrmalollenlc failure and a..... slnll'be exlen,
of darnalle inflicted upon the testis by antispermatoge nic agents. Thequa nllfiable
his,ologicalleChniqu es involving light microscopy are now being .upplemented
by electron micrO>cOplcassay>_ In add,,;on, as a resull of ,he pttftet;on of
chemical methods of androg,:n anal~1is (r11d'OlmmuDOamy in paniculllr ),
testicula r bIOPSY specimen, art increa,mgly uS«! for determin ation' of leslo·
.terone and other '($,;cu lar .Ieroid •. and also for explnring the abilit y of tM
t.. licular li"ue to '}'Olhesize ,es,osterooe in ";/ro from added labelled pre'
cursors . Anolher frequemiy employed me,hod of a..... sing lilt endocrine
function oflhe 'es' i.. and ,he androgenic Slalu, of the male as a woole. depend.
on mea.uring ,es' OSlerone in blood plasma_ How"ner . in vi"", of the large
ftUCIua,lon. ,n lht blood 1tStosterooe '0>",1of man and animals, '!'Oradic
anal yses of blood plasrna aT'<of liuli: " ,Iue. since the ,"UllS are strongly
influenced by ,he epi<o'!;'" cl,..,adian and Ka<onal varia' ions m ,he panem of
teStOS'.rone rtlease by the 'estis. also by lbe age of ,he individual. IICbedUIi:of
blood 53.mpling.the amount oflu,einizing oonn""" a"a~able to lhe ,es,is around
lhe lime of blood sampl ing. and nU'rilional and en"ironmental fao-tors (Ibe
phOlOIropic stimuli in panicular ), An additional faclor that mUSIbe carefully
considered in e,,,,lua,in g ,be ,"ul" of androgen anal)',i. in blood is ,hat under
normal cond i'ions only a small proporlion of teslosterone is in a free. 'hal is.
active form . and ,he major pari is protein bound .

A ,'ariety of ,ostis'spel'ific pr",ein, a nd <tU:)'1I>e$has been dt$Cribed in man and
animals. &00their appearan~ in ,he normall) ' developing prepubescen' teS,ishas
been .hown '0 coincide ,,'ith .pecific Slages of spermatogen esis. 'ha'is. ,lie
appta ra neeof primary .perrna 'oeyres. '""0 nda ry .perma toe ytes .• perma'id<and
t.sticu larspermatozoa (stU] immolile and infertile). Enzyme. in ,hi. category are
1M tes'i s-specific lDH ·X isoz)'me of lactate d.hdrogenase . acid pl>osphatasl:.
es,erase, sorbito l dehydrogenase .nd v. riou. JJl"'''''id ..... peplida$l;S and
pro' eases. These findings Pove rise'0 the idea thaI ....Z)me5 of ,hi s kind could be
used as bioehem" al marh ... or 'fingerpnnts' of partrn lor steps in the
.perma'ogenic process. nO, merely in tile normallesli .. bu' also in gonad. wilh
abnorma l .ponna'ogon .. i•. II remains 10be lee n how far <tU:ymati<:fingerprint­
ing. along wi'h olher me'hnd,. such •• histocbemicol and autoradiographic
teehn;q".,. can be de>",lopod f"r a...... ,ng ,he ad" •..., dl'<rt . of ehemica ls On
.perma 'ogenesis.

For ,be moment. direct ..... mina'ion of lite .jaculated Km.n pro vid.. lbe
simplesl apt) mOSt",liable meanS of assesoing ,he degree of damage inftic'ed by
an anli spenna,ogen;c agent on testicular gametog enic fUllCtion . Tile "olume of
Ih. ejaculale, ,he eo""cntr'lion and total number of 'perma,ozoa In 'ha'
ejacu late. ,he rela'i' ''' proportion of mo,i li:and immo'ile sperma,ozoa and ,lie
rallO her",..,n Ii'''' .pt) dead sperm cells (a..... sed by live---<!.addifrtrtntiAl
"aining proudures ). ,he degree of IOOlilit) (aoscssed microscopical ly or hy
phy.ical means ). and 'he ')'pe and pe=nl ' ae ofa bnormal . permalOZOl. along
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"..ith related leS,. suc h as the crrvical mucus penetration and poslco ltal tests ,
olfer the ~t chance of evaluallnilihe elfec" of drugs on gamctogwic function.
provided of cou ..... lhat ",veral facton are taken into accoum. T ime imerval
<ince Ihe prev ious emission of "'men . frequency of ejaeulalio n. microbial
comamination of "'''''' n. and the rm thod by means of wbicb ",men bas been
colittted and stored prior 10examinatIon . allthesc and other (acton have to be
considered ,n the ap praisa l of semen qualily , AI",m , aiL whIlst co.mdering the
ad, ·.. se effect of a drug on sperma togenesis . one must bear in mind tbe fact that
lhe injury to tbe testi. migbl ba ve occurred as long as 2 momhs prior to lhe lime
of ",men collection and examinat ion. In "ew of the period of time required for
completion of sperma togen esIS,n the t.. l l. and sperm pa,sage (and maturation)
in tbe epididymis

It is poss ible that In tbe future borm one ana lyses in ejacula ted se"", n will
become part of tbe routi"" examInat ion of SCmen for a..... sing defects in the
androgenic status of lhe male . T.. to' terone. dih ,dro!eStosleron e. fol;;cle.
stimulating honno""" lut eini.inj\ bonnone. a cborion lc·goo adot rophln.like
honnone . pro lactin. lhese and otber honnones occur in tbe seminal pla,ma of
man and animals (for recent htera tu re s« fileT and Gra '·... 1981; Mann and
l UIWak·Ma nn. 19I1l ; p. 135. IbJSpaper) .

J .J E... I... tOo. or the Functional Sta t. of .\ la le Ace""", /')' Or g....

When semen is collected by the spht-ejacula le metbod. It I. frequently possible to
obtam se"eral fr.ct lons of the ejacul.te, originati!13 in different .nd distinc t parts
of tbe male reprod uctivt trac t. sueb as the epldldymi$, seminal VC$icle.prost. te,
Cowpers gland and uret hral i!ands . In ma n, tbe determin.tio n of the .ct l,'''y of
acid phosphatase an d the conct:nlra tion of c itric acid and .inc provides a
sens itive orltenon of the prostatic secretory activity. "bilst Ihal of fructose.
lactor errin and prostagla ndins. among other subslan<e$, can serve as a cr iterion
for .s .... lng the secretory output of the seminal "esid"s , Ca mi tine and
g1ycerylphosphorylcholine are ""metimes u>e<lfor determ ining the con tributio n
of the "pididymal secretion. bUl In man the u",f ulness of g1ya:rylphosphoryl_
choline as an indicator of the epid idyma l secretory function is limited by the
occurr<,nee of this ,ubstance all.o in the sentinal "esicle secretion ,

The secretor}' output of male acees""ry glands of reproductio n and con·
sequently the composition of tbe "'minal plasma are both strictly depend" nt
upon aoorogenic stimul i "manalin j\ from tbe testis. and therefore, chemical
ana lysis of eithe r whole semen or 0\'011 more so , of a spli t eja<:Ulate. can be used
fo r diagnosing effeclSof a ooro j\<lldeficiency on male reproduc tive functio n in a
number of Speel" , am0!l3't tbem the bull, boar, stallion. rabbit and d"" r.
Chemical anal}'... of semen and seminal fract ions ean also SCrveto diagnose
degenera t" 'e cha nges in distinc t partS of the male reproductive tract, such as
inborn occlusion of tileejaculatory duct and deferent dUCIln cases of cystic
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tlbr O'lS. C hemlCll 1M,Ilodl of K rncn a""lj~ .100 help lOu~ In a
quanuauve Jl\IDlErthedfCClSor (\rul!Son lb:: output of lOOI\1dUllI II'llIk
acccsoory x1andsof n:pro<.!\lCllIJn. as demo",ualed fo r cllamplt. b) ' lhe
"""C5Iip,iortl of lhe KllIJn of pilocarpme and alropllOC (" laoo .nd Lu,.,." k.
\1& na 1976).

1.4 o..r · , ... O!lhuM..e< .. doorEpnul_ l p_

Earl .....0"'"ou, t-pc1", e>ampb _rc IP'-mof dru gs "'kit"III",,,,,,,a,he,...,l)
nttU<lG:aod cjxubbOa LDdnl)'''Ilhi5 pathololY .... pmNbl y rau ll$ In lhe
anlOlIO....,... IK'n'OlIIlIICChanllnl . -bich ronlrols <he"""uactilc t-tUT1\ of tbc
male rcprodUCll'-c t(&<;l_" orma D) . epcuLatiorl .. inll ialed b) Rl"OIIJ«lntrllC'loon.
prot.bI) SUrtln. in tbc duc tuti dl'ncllle!l of doc lCSlJI. at>ll qtuct.l) spteadtn •
• 1011&tho:"""tIC \cqlll oflho: «W;t. .. hm fin, Iho:prostalJe.lIUt the ampullK.nd
6nall) the KmlDll ,,",des COIIInIl:IIn an or<krlrflllotaoa. thus pr-cdClJeml''''o,
lhe cho:mic:alchal1lClC'foflhe '"00us$C1D.1natf~ . -biclt con lUlIIte lhe lplll
qaculalJe , In man . lho:~rcl_ of Lin rc', (um " ra l) """ C.....'pc1"·,~b\llbou"'tlt.

roll) cJand' pn:adn the ep; llIJlIofthe prosI2hC =tCl iott. "' bich ISlhrn follo"''Cd
It> the >pcrma,~.nd ftrtaUy.the scmlll&l ,~"'''' secrc l ion. ChemlCll.""Iy>1S
of the semi.. l fractions by lho: opIi,-ejaculate ""' tho<! """bits ON: to decide
...-hclher [he ejaculalO') ' pa 'te rn II n""mal. slightly uP>C'Or Knously d .. 'ut bcd.
I n e~ ,rcm( clOCSof eJaCul.tory . tcn htj'. ""men" cjac ula'cd InlO ,he bladder. a nd
th" 'Ill to " f rcl ro l1ad e ejlC ula '", n II besl dialP' oscd Ity unN: a OII>~IS; colleo>'ioo
of spermatoz oa from uriN: is S<>lTICI;m<:s u<cful in connoelion " 'lib a",lie ", 1
ulscmi nat ion,

Ejacula 'i"n di~turbllnccs arc also cnc" unterc<Jin an, ma l<. a~ fo r cll&mplc, In
lbe stall", o . in " hieb cjacula tlon Ii a fa irly prolonicd pl'<>CCSS.cnablina one to
col ,,",1 $C\'cral dlstll'CI scm", ,,l fl1lCt;ons, Com bined analyses of cilric le id
(comina f rom lbe scm",al vesicles) a nd cr j!O'b ionclN: la SC<:r'Ctory product ofi llc
La'll< ampu lla '} alands) 10 split cj&CulalC. of .talhons " 'i, b cjacuLa,,,')' dillUt ·
N!\CCl;have JI>o"o tlla' m 50mc such anllnals lbe c iuE acid .ppca~ m the
ejacula te befo ... 100lcad of arter!he . pcrmalOZOa a nd c..,tb",nctnc ( \ bnn.
1975)_

15 "- or ao-In .. lain s....
Alcobo l sabc)1a1CSand sulpbonallUdc<. to 01"'" bul a feo<.paM ancr mp:suoa
mil>ltuman and altlmlhcaxn. Tlll:saaxlS '''''' of ampocilluo..C')'lhromYCll'and
otha an [ibooln. buill. pouiblc lhal '" oomc'nidits bdmlto the dc1.«'- of
dru p '" IflDCn 1D$Uf6ncnt carc .... ) ha,c bccotCM~ 10 eJ.dlo;k COlI­

tamina,- of..".n b) ttaen ofun"" _Tc~""" .nd lhalodom><k """tber
.,tItIts llXUlbob\CS.alio rcad~) lind their .... ~' into """"'"; ha"", paHcd ,ntO



'"
tilt ..,men. 1""l dolDlde bca>lIIt5lirm1) .n xhcd (0 tbe opermal.,... (L.n,,-ak·
M;lnD ~fll1. 1967),

\l elhadotw . p/lt»)1OUI.. ,,.!pro.,.: od. tnD<Dmic .ad. uteI. a Dd ..,!ernle
p""ide flln,,"," ua mpb ~ subslanca t:a~le of PM'''I.& uno I<""""- It. roomt
.&!itlOD 10 llId 1m ...~hlon>pr",,)l}pbosph.Ite•• bo>...-.......1>ODCdas~ of
the llallX retardants ..n h IDUUlJe11lCaDd . "ul' en"' " PlUpata (H...sec tf • ..

1981). ~Ilol\lll.""""'cbrn>"",. ill",- ". made eauer~)'J b) "tloe
perfection of ImIoit;vechemnl mnhodJ.. Com pou"'" thai .....y ha'" ttalpe<!
de1cctiolL, ",= b ) ps ChrolDalOPpb) mass fpcnro m<try. e.... lIO'" be
!Clft DCdio human and anImal scm'nli plasnlllby "", ,,, oophJuJca kd meal\$.
Ncp ti' • ..,tw<mocal·oon.... ""n JmlS> spocu'll lllC'rttnlJlllI §<d '11th< dClCCllonof
",I(d ichloropl"OJl)'llphos plu.tc in .~lracU of hUrN II Knlll... l plu ma. proVKla.
good . ""mp le of (be ad'''' nla !\lOSIMl modem 11\I1llai '''''hn;qu n (l1f.r '"
i" \ cs\ ip tionl of dru l pa.....g. lnlO lht kJTlf:n .

4 CO NCLU DI ....C ROI ",RKS

A. tlli ' brief survey indicat .. . tl>< informa tIOn . ,,,ilable 1<1. ela'e on llv:
rnt'<lu.m, m' unckdyin/l thiead,,,m etr"" lS of cbtm>(:llt. 011malt rcprodllCt""
function . pOllchy a nd io needof man: tlIoorouPdocu mcnl<u iou . Eq... U). lbe
mct!lodolop:ll Cf1tena fo . appnoj,lIlli t/lf<damaF ,"CIlOa'dby cbtmols '" lilt
male reprodUCI"" tlKlalld """"n a.... 100 r..... alld impeof<CI..n..s..~nlClllar

... peetS or Mdrolop:;:aJ pharrnatolosYMd l~ • .,hil~ sunWIdcrde­
~Joped. «pn_1 "" ~ndl aU...etn'~ ar.. for rU\lll'~ ........."'h.
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Laboratory Aspects of Reproductive
Tox icology

Ro.or L ooo-,

1 r" TRODL Cl' IO"

Tht'" is ~n i"" rea' ina concern that ~onadal effecl> of em·,ron menl. 1chr:mil;aI.
a re hav inll eC01QiICa i co ns<quenco. as well al elf...,t. o n human reprod<KlIOn,
Scienti fic and publIC ~ue nlion has r...,enll)· been foc=<! on such .",.15 a,
dibrom ochloropro pane (DDCP). Kepon e. T RIS. al well al th< p/l<no~)'ac'd

eompo"",,,u oflbo herbicide AJc'nlOran", and ItS'dioxin' contarnJ.nanl (DI.......
and Hall. 1982; CE Q, 1981). SUJJ!OSlJons h.... bccn made,ha"Ma_.,.spoms
counl has dtcroasod. and lbal 1M poroenla .. of men "'boot sperm COIInll fall
bol.... a ic'\'tl ..... ralty uoomtcd .. ,til optUn.alfertJhl) has 'ncreased lDoUJboTt)
.,al..I98])

Allhoup lbo pnmar) fOC\lSohlltnllOll1S "suaO) IhcdfecuohrmrocllllC ......1
.~u OG1110!C'ltll. lI'S 1lpp<Opn:O'" 10.-11 lba' 'hc rl:ftalu>ob:a'oroIl"'''''lar
f"DCI>O.111110""mmol>Uhkopt11D.qxulaud •• Ddlhal ....... rep" ' Ill""
conl"blIUOOJ 011"" ."..:IlIdym.;ks.>:lId~ SU Jland'as "'d as lbo 1<sUS
(Ami ..... IlllIl; DWlII, 1961., 'la"".>:lIdU11.... k· ' I..... 1961).

n..s.1M paper "'ill <;:<>m>dcr'ho Sl*1t\1m of booloJl"ll P."__ ~ .....
contnbu'e 10 111<ejaculation of "'ab quallly .......,n .Dd III< df«t> of .".
"rono><ntil .,.nu on lhtm_ Tbo>c ",elude

( IJ 111<h)polhal<1mo-pnU'lal') Sonodal."'li,
(~) lho:1CSllCUlar'n l.....lma l CQmpanmcm and Slero,d~ncsis.

( 3) the blood 1.. lis barrier '
(4) the semin ifero us IUbules a nd .pcrma lOg<1\C$i.;
( 5) the elferenl duc ls :
(6) the <!"didyrn>d.. ;
(7) rormallon and Compo<lllon of semen. and
(8\ ercellon and .JlCll lalion

! It \ 'PO THALA\IO PlTL ITA R\ GO'ADALAXI S

f oDi:;k1iUIDulaunl hormone (fS H1.nd -"lt1nQlnt hormone (l H lCSHl a~
~s ~1CaKd from I"" baJOPhllM: ~Us 0( I"" ptlulta!) C~n,nl

'"
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rtgulallon of the piluitary ismed ialed by lhe hypolhalamus communicatin g ,·i. a

spttialitod vu::ular system u lkd Ih< h)'j)Oph)Ka l porlal system . Hypolhalamic
""ur<>endocrine neurons are prtsent in the arcuate aDd other nudei of the medIan
eminence . These neurons secrete spttifk releasing or rtle ase -inhibitin g f""tor<
into the hypophy seal poml s)"St<m.T hese hormo nes art carried in the blood of
lhe portal 'ystem 10 lhe ceUs of tile adellObypoph) 'sis w!>ere they act on their
target <:ell<to 'Ilmulat< or inhibit the release of FS H Or lCS H. Fnllid e·
stimula ling hormone -releasing hormone (FSH -R H) and IUleinizlOghormone·
rtleaSln g ho rmone ( l H.RH) ha~ \><:enisola ted and appcar to be identica l
(Amann, 1981)

Thi$ sensith .. and complex syslem pr<::se1llSa number 0( targe" by .. h"h
en'iroomental chemicals may prnduce an . llered function . Ho" 'e'"",,. few
exa mples of to ,;'; eff""ls are well documented despile lhe great variet) or dNil'
~now'n to exerl signifi<:ant elf""ts.

3 Til E T EST IS

The testiscan be d,vided inlo two major comp anImnl s: the interstilial space and
tile seminiferous tubules . These compartm ents haw differenl emb ryological
origins . unique een populat ion, _and dlSllncl fUnc1.ions, The major products of
lhe int<rst itial space are androgen, secreted by the Leydig ceUs; Ille major
prodll<:ts of Ille seminif erous lubules are the male gameteS ,,·h;';h arise fro m the
spermatogonial Stem <:ells. Both eomp.artmcolS are closely inler·rtlated with tile
pitUllary and hypothalamus,

3.1 TI>eIn.. ,,,{iti.l Compo.rtm... t a nd Steroidoll'"noeo!s

The le}di g cell< a re the main SI1< of lestOSlerOne s}'nl!>esis and are closely
associa ted with Ille blood ,~Is aDd lhe lymphatic space of the lesti s. This inter ­
relationship facihtalest he lransport of testOSlerone from the le} d igeells into tile
tubules

lCSH stimulates steroidogenes is, in part. by increasing the h)drolysis of
choles1<rol " tori to free eholes lero l wh"h i' subse<Jue ntly taken up It}' thl:
mitochondria. Cholesterol is pro bably ,he source of all teSlicular $1I:ro;d
hormones. lari< dosn of testosterone maintain spermatogenesis in adult male
hypoph)'CClomizod rat s, be""" Ille effeet of LH on spermalogenesi, ISassumed
10be mediated. in large pan , through thl: st imula tio n oftestOSterone producti on .

3,2 R...... rT eM... '~rono in ~)(ual Oe' elopmw t

The fetal tes'es syn,hesize largeamount s or andro gens wh;;,h sul>sequentl) 'p lay a
erit;;,al role in the di!ferontiation of thl: gonad . and sc<:ondary'u eha rae teri$tics .
The initial critica l period for testostero ne production is gestat ional da}a 14--17 in
tile rat and w""ks 4~ 6 in the huma n.
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K"O...icdjJC of lbt dynamrs .. Iesl~ produaiou and.orUular ,nltT·
.,.""" s arc Illlportani prcreqUlSlICS10 IIlI: und.cnr_nd.inl .... b elll:ntAls
=p,1 alI"ect lC.lual ddfcrmtiatioll. In lbt synlOOil of~ from
pU5l"'noloac . 1M nlC-lirruun l C1OZ).... e IS the-lft"'rosomal 3jJ.Iljdro1~

debjd......,..w .1Iic1l0Wiza.1lI: A riD.bjdro ly! of IIlI:s=ood I'ftC"f'5On .F lU
In.OIU'rOC>t IIIr&alform<d 10 a """" 1CU"l'bormoDt:.S::(o(lih)'d.~croac

(DHT) . II) h- recl_ u> lbt WjIIII w:stlC . To IDJua.., lbttr actions. both
lCSlosurODCand D HT must be bouDti 10 s.pe;:ilkC)lop1astmc rfOt'PIOt"proltlns
.ha.pcmul monsko;allon 101M n""ln.ls . Subsequen. nud:ar inlC1"EbOOi m,uate
DS A Sj'1lu.es.s aDti RNA drrr:c1<d,yoIOO.. of anclroFD -<lepend.m1prote.ns..
Bloem . or ,nlnnl pl'O' 1m pr<>caO durinl"ny OM" ilOOIOPSdunnl llll: ,nll .. l
crital period. of IOlauon coukl dr:ter lhe Ind,o,..,·. action and.allo'HOm p"
Of pamal npl'eUlon of.M inna.o femllo P'osn mmr:.

Br:cau~ 1<><I,o,. n synlbesis by lhe fotal .m .. dicta t.. changes in .he Mullr:" an
and Wolffian duc t l ya"' ms which account for .he pher>(>typ",al malr: st l ua l
dilf"""n. ;allon, factof"l whlc::ballor the oyntl>r:1isor actions of .hese a nd' OIollll
mip,. ha.'o 'mpo rtan t .oxicolop: al consequCl>Oell. U<><IcrIlle inftur:m of I
MuU.rian ,nlub.hnll factor (MIF)•• M Mullerian duelS begin '0 t"ll'"6 shonl y
afttt t.... iculardJff~nlla.>on. Malr:!;,mhdYSI I"'''IK V;$lCSfail to prod uce MIH.
IIws.. "u l\r:nu duas per"'l aDd f<'mlllo.ntemal Fnilali.a a~ formed.

Tbc epodid)'lIUd.es._ dtfr:rms . oem.,nal -..:If: and rjaculatory dllCI ar¢
de ....-.d (rom IIlI: Wol8ian "m ... u and are uDder conU'Ol of \CROItel'OIIe.
TeslOSlcronc alto COI\trol:s,Ill: ddftttnlJ.l.llOll of 1M Ilmhn and.pr<l'Ul<C.....,
. 'lncb...., derwoodfrom 1M~ SlftllSas .~U as <hede....\opmall or IIlI:
EfOIum and.J)ll1IJt.

All) factor ,,"'b.. b ,,"'OUklrtduce lilt Ibll llyof __ m>rocto be S)"llI.... lzol.
actn .. taI. mIn- lbt ccn.alid.or alI"r:ctlbt OIU_Ins' abitiry 10 rqulaw IIlI:
S)'OIIaa 0( and ..... -dr:paid.... pn>UIDI WDIlklha'"a pounual lo &her_1::1.11
ddftttn uauorl . A vanr:ty of~ and a....,...cMmocala ar¢Clpllblf: of
ucrt lqa <Q\OI<C10n0.dc:pri ''inl1C1>OIl on ,lit de-o"lop.nll)'l""'S- TalJlCUof
action mcludr:I,,",fccdbKk rqulalJon of aol'llod.otropoSCCTeOiOn.lOI<IdotI'OPIIl
dfeeti.~_. In.OI<Cro,,",and dibydrOlcslOILlcronoO)·othr:oIs. pla, rna blnc!>",.15
" ,,11as C)'toplasmic r""(plot'S alid. noclr:a, b,ndil'lj. Tbr: end ... ul. of .... h
chem ical df"" .. is a clll:mlCa!cas''''lion , However. no ' )... ematic au empl haJ
been made '0 ,u,"",y on"';lo nmenta l <,,",micall for tlll:ir abili.y 10 act by IIlI:
m""hanism' ducri bed (DIXon. 1981).

3.3 n.. BIood- Tt Slio Bol"Tic.

Tbr: blood -tau. barnn- (BTB) func""Dllly 1qIIIn<lr:lllheIntersliual space fro m
.M """m u"..... ' IUbu lcl. Ph)">oIoP'lI evidmcc for IIlI: cxWmcr or thr:
blood -ln' " barrir:r ..... linl rq>Onedby Sca:IlI:U , t aL (1969). Tbcy de­
D>Onslnned lhal immu"Op,buli... and iodinaled albumin.inulin. and somr:
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'mall mokc ules "'"Crte'c luded from lhe seminiferou' lub ules by the BTB, D)'m
and Fawcell (1970). 'l udying lhe dimi but;on of .low mol« ula r weight prolein .
ho rseradi,h pero,id.ses. and the lanthanum ion in lhe le"i • . sUgge>ted that the
primary penn eab ility barrier for the semmiferous tubulc:s ""as lhe surroun ding
Ia;-orsof myoid coils, Whert tiles<-IaI0 r1Wert breached. special" ed Sertoh-cell_
to-Serloli-celljuncl ions wilhin lhe semIniferous epithelium constituled a <tto n­
d.ry collulat bamer .

To quanluy the funcli"nal BTl!. we In,'e, ligal<<.!ro me "f lhe phy.icochemical
param<:ters g"' '' rning tho m,,'ome nl of chemicals arid drugs .cro,;, lhe BTBinlo
lho m.k: rat t.. tis (Okumura n al.. 1975). In these studie,. lhe permeabili ty of
non-..\e<:lrolyles wilh "arying molecular "lOS and of barb,turales. sulphona ­
mides and .. Iicyl., acid wllh varying parhllon codlicients and pK. values "',IS
determined, The mo"emenl of tho non-..le"roly tes ind icaled lhal lhe per­
meab ilily of compound, acroSS lhe BTH deperids on their molecular ,ize.
App.r ently. molecules smaller lhan 3.6 A (e ll.. ",·ater. urtaj can be transported
readily .c roSSlhe HTH. "'h ile larger molecules such as ll"laetose and inultn
cannol

Permeabilily stud,", of dt ugs with \'lltying lipid 'olub ilili.es.• uch"" thiopen ­
tone. penlobarbitone. barbilone. ,ul phamethoxypyrid.z ine. ,ulphan,lamlde .
sulphagua nidine. and salicylicacid .demOnstraled lhat ' uch drug, do nOIalla in
rele tesl is concentt.tion, greater than pla,ma and thaI the tran.port processes
appear to hcexponenl .. l with lime.Tran,port raleconstan ts for alldrull' ' tud,ed
ploued a. straigh t lines ; lhe rates of enlt')' inlo lhe rete testl' fluid Wert
proporti on al to tho cotlCOntration gradient ,n accordance wilh Fick'. law.
Tra nsfer rale con, lan t< deri.cd from the slopes of the se'On 1"'1 chemIcals
demonst rated good correlalio n hclween lheit respecl''''' hpld solubilities and
membrane penelrabl hli.es. ' uggeSling that the rale-limitinll faetor for transport
of these eompounds acros, II><;HTH i' lhe lipid solubility of chemicals a t
physiologica l pH. The permeabilil)' characleristics of lhe BTB appeared to be
generally " m,lar 10 lhose of membranes which limit penetralion of f"relgn
d>emkals Inlo the cenlral netvou' system. gastrointe stinal lracl. mammary
gland. and aqueou' humout.

Tho ability of tho BTB to controlthc entry of chem.,als inlo tho seminiferous
tub ules is affected by • number of physiologicaL chemical and palhological
factors (Di,o n. 1981bj, It has hcen reported lha ll he HTH in n,,",'born anim.1s
may he immalure and lesseffecti.e than at puberly ; lhe BTO mIght also become
Ies, efficient as testicular function wanes in later lik , Hc.t ing of ram test..
incrt ased l!>ctransfer rate of ".,iou, ions and olher chemICal" and expm urc 10
ioni' ing radiation might hc e,pee ted 1o ha '" similar effeclS.Cadm ium has al'o
been reported 10 aller lhe permeability o( the BTB, Ho"'" . er. thes.echanges
appear to be associated more with entry to the rete lcstis lhan t foeseminiferous
lubules. Thus. a numhcr of factots are known arid olherscan be ,uUesled whICh
coukl alter the funclion of the BTH and rt,u lt in .ltered penetrat ion of foreign
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chemi<als t" the germ cell~ . lhus creal,ng a n unnalural ell<m",al environmen t [0'
III<maturing sperm.

3.4 Tile St minife... us Tubultoiand Spe,mal/)~

The majo, celllj»e' of the seminiferous tubules are the '''Hi"us ~permal<>lenic

..,lIs and lhe Senoli cell, (BuriCr and de K,..,tsI;r, 1981). The S<rto li cell' appear
10 be lbe hosl celis [0' lbe de"eloping ge,m celis. S<noli celis or spermatogon ia
I"", the lubule "',th other germ"",t cells eitheT situ.at<xlbt,wttn adjacent pOlrsof
Senoli ..,tls 0' ernbedd<xl in lbe tummal margin of 'he S<noli cell C;lopla.m.
Specialized junctions form "here adjacent Se,'oU cells mttl . These jUllClioll5
di"id e the utracetlula, space im;idelhe tubule into a basat compartme nl hel""ttt\
the Serrcli cells and spermalo g"nia and an ad tuminal compa rlme nt hel",'.. n ,he
Senoli cens and lbe .pemlalOCjle< and spermalids .

The Senoli cells perform an essenlial role in spennalogeneslS by eonl",lhng
the immediate en"ironmenl a,ound tbe sp<:rmalOCj1<Sand spermands. Tbe
SerlOli cells may a lso playa role in lhe genelic induction of lesticular
dilferen tiation bee.ause a lesli.-<Ietermining gene on lbe Y chromosome ap­
pa,ently dele,mines gonadal sex and con"erTs lhe indifferenl gonad into a testis.
There i' lllCrea,ingexperimentale"idence thaI pla, ma membrane pro tein. kllO".-n
a, H-Y anligen , i' lhl. le<lis-<letermining gene prodUCl. Tbe S<rlolr celis also
"",rele Jluid. synthesize androgen bind,ng p,otein (ABP ) and produce inhiblo
'" hich i. in\l(ll"<xlin the feedback regulallon wllh lhe p,'uitary . II is probable tbal
manyehemicals ",'hich affec' spe,malogenesis ""I "ia an effec' on ,be Senoli cells
,alher tban direc tly o n lbe germ cell

Spe,matogon ia cell mitosis lakes place in lhe basal compartme nt. and lhe
spe,matogonia .preleplO1eneand IeptOlene spermatOC)1esare obse,.,,'ed there, At
lbe end of ,he Ieplot,ne phase of me-.osis, the pnmaTy spennalOCj1<S pass
betWttn lhe Senoti cells and enleT lhe adluminal eompanrnen t ...here lbe
zygotene .pcrma,ocytes con tinu e '0 develop th,ough lhe pachytene and
diplolene phases of mito<i. and lhen divide meiotically to ["rm secondary
spermalOCj'les,

Thus. shonly after comple'mg DNA synlht$is. the d",~loping gameles Iea'~

lhe basal eompartmen' , , ... ,~rs<: ,he blood - lesli, barrier. and ente, lhe
adluminal compa rtme nt. Sequestered bthind the hlood-leslis harrier, the
d<'~loping germ cells experience a unique chemical en,'i,onment which is
appa"'nlly essenlia l for ,he completion of meiosis and 'permalogenes, •.

The primary role of lhe sem,niferou~ lubules is sperma'ogenesi s. lhe pro .
due'ion of sperm, Ho""",~r. lbe sperm malure in the pro>.imal epididymis and
ferlik sperm are stored in lbe dIStal epididymis, Spe,matogenesis represenll1he
lotal sene< of cellula, 'ransformatiol1l thaI allo ... spermalo gon,a to differenlia ..
inlO sperm ..-hile ",'a,n,n g,h e spermatogonial ,esc,.,,'e.

In the Common laboratory animab. numerous spermalogonia in a parti<ula'
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a,..,a of the seminiferous lUbules dlvid . synchronously and lhe whom of cells

"'nienInuh di ll.""nl'al.;n un ison . fk<:ause ;nlracellu lar brid,.,. persiM between
lhe CYloplMm of lbe ,erminal cells afier lhe nuclei divide. adjacenl hlSlOloiical
or""''''''lions lhrough lhe seminiferous lubul.,. appear diff<'rent. Delailed
analyocs bavedefined ... many as 14differenl cellular aMOCialionsta, .. in lhe ral.
Each cellular auoc;a\lOn oontain , four or fi,. types or Iayen of germ cells
auoc:ia ted in a .pecific pallem. Th e complele sen .. of cellular auocialion. i.
lermed the cycle of lhe seminiferous epilhelium. In conlr"'l 10 laboralory
animals. only a few adjacenl coborts of germ cells de",lop synchronously m man
and Ihe cdlular pallems are much lessdis\lliCl. Degeneralion of pol<'nlial germ
cells contribul.,. to lhis pi'leDOmenon,

Two da .... of .permalOiOma a"" present In lhe semmiferou, tubules . The
fi"l •• permal""on .. A. doesnol enle r Ihe DOrmalp~s of spermalOgcnes1$bUl
conl inually d,vides by milOS1$.T he OIlier class. sperma lotonia B. ai«> pro·
liferates hy mitosis bUl iii"" rise 10 cohorts of inc""asin&!y differenliated
sperrnalo ,enio::cells. Tile end producl of IhlS cellular diff...,nt .. t,on i, sperm.

Tile ""lali"" duration of each 'tage of spermalo, ..... is can be .,.l;mated
hlSlologically or with lritiated lhymidine puIS<Iabellin.. Tbe seminiferous tubule
cycle ran/ICSfrom S to 16da)'s dependin g on species, Ho"'. ver. for each spccie. il
i. quiU: constant and unaffected by sexual aclivily. Tbe duralion of .permalo,
genesis is lbe inl e"lIl bel",... n the lime wben .tem spermalo gonia become
oommilted to produce a cohort of spermalid. and lhe lime of lhe ""lease of the
resultini , perm from the Frminal epillle~um. The dura\lOO of sperntalogenesili
equals abo ul 4.5 cycles of lhe seminiferous epithelium. Thus. each cycle of
malure spermatid. released from the germll,al epilllehum onS,llales from
sperrnalOio nia commilled to differentIatIon approx ima tely 4.5 cycles earlier
Becau se cohorts of de""loping ll"rm cells in differenl re&ion. within the tubules
complete spermatogenesis al different t imes. sperm are continuously released
from llle germinal epitlle~um.

The regul:arity of $pcTTI1IlOgenesisallows one 10 define the spermatogenic cell
lIag .. alf«ted byclle~s and suggests ",""hanilms of 1("icilY, Various drugS
and environmen tal chemicals can produce specific lesions thaI resull in tile
degeneration of all germ cells al lhe poinl of attac k and eventually ehminal'
lhose more ad"arrcd forms ",'hieh ""auld ha"e differenlialed from the affected
cell•. In order to dis.. "·er .... h effects. ""e rouli""ly de, .. lop fertilily proliles by
serially malirli males follo"';ns chemical trealmenl (lee and Dixon. 1972).
Trealed male rodents are housed with females al 4- 5-day inl<1'\lIl'. The number
of fertile males 1$delermined by P""iDan t females. Female' a"" co""idered
preg nanl if lhere are four or mo re " iable fClule1i.The mean lilt er size for 100
conlrolanimals Wa$9.5 wilh a standard devialJon of 1.9. Therefo"". Ie1i1ilhan
four felll1ieSis more than Ihree standard de>ialions from lhe conlrol mean. The
pe=ntage of fenile males i. plolled for each breedm g period after chemical
treatmenl. Tile cell type. ""presented at ,'ariou. lim.,. after chemicallreatmenl
are well kno",'ll.



'"Seria l mat ing assesses lh . biological fUlICliorullity of ' perm at>d prod uces
fertIli ty pa nerns whk h ..r<: ;n'-o= ly "' lated in l ime 10 the phase of sperma 1<l-­
gCne$is damag ed by tho t ... , ch= ,cal . For inst.n~. chemical .tT""ts on
spermatozoa ap pear fi" t a Dd th.... due 10 interference with ,perm atogonia
appear las!. Thu lIC<:eS$ful appl ication of lIu, me!hod dqll:n,h upon the r""llha t
in rod."u sperrnalOgen<'$;SaDd eliminatIOn of spermatozoa proc eed co ntinously
",ilhou ! ",gar<! 10 freque ncy of mating. Th.... lhe relationship ooW«n a
chemical'. effecl on fertility and lhe type of spermalOletlic .\a ge affe<:\edby the
chemic al can be ",a dily OeIOOO'lrated. Without know'int a nything about the
chemical produc ing a parlicula , fort ilily profile. one can cO$ilyiden tify the celb
affected. Because unique biochemi cal event. are assoc iated with various
sp«matoaen,c stag ... . m«:hanl$nI$ of action , such at DN A mhib ition or mitotic
arm t can he pl«lkted.

To as.sou'...llCUlarfuoclJon ,n tlther II><laboratory or clinic. a longitudinal
study is preferred. Man y important paramelen an: n:lallvely easy 10det . rmine.
To ticula r . ize and /or ,,"~ighl can bt ""rreb u ed wilh sperm production. Da ily
'perm production can also bt .. timated from da ily .perm output The simplest
labo ratory approach to dm rm ine spenn produc tion i.l o homo genize a weighed
sample of leslicular pan:nchyma (or epid idymis) with tm app ropriate media
using a Wa ring blender. Pan iru late mlItter i. solubilized a nd the hiJhl) '
condensed and cross ·linked nucleoprot.in of the elonll" ted spermat id makes lit<:
nucleus ""'istanllO bomoFnization . Homogeni2atioo· resislll.nt !lpUmlIlid nuc·
lt1 pro, 'id. an estimate of ,pemullids in the lesli. (Amlin e. 1981).

It mu. t bt n:called. bo.... ".r, that the numbtr of .perm io the ejacula t. will
ha• • been inllu.nced by many factors' age. =n, toticula r sm , . jacu lat ion
fmjuency Or interval .i nc. tbt precedi ng ejaculat ion. a nd tlte:dell."'" of sexua l
a rousal, Sperm production .. far Ies$efficient in humans than in laboratory Or
domestic mammal$ . In ad(lIl1on. more than 10'/0 of hUmlln males ha"" an
abnormllUy low sperm prod uction. This diJl"=nce in .perm prod uctio n btI...-""n
IaboratOf)' aOlmal$a nd man might accou nt for the concnn JUrrOllndinli the u'"
of laboratory an imal. as reliable predio:tors of cbtmi<:a.lsaffecting man ,

J.~ Biotra nsformation of Ex~nou. Chemkoolo

A numbe r of im'est ill"tnrs have reponed on the capability of tbe ",m inif. rou.
tuhuleo to bintransform exollenouscl>emicals. This haobeenan area of pa rticular
interest at tile NI£H S where Mukbtar ~I aI. ( 1978a..b) have d. termined the
differential distribution of aryl bydrocorbo n hydroxylase (AH H). epoxi<le
hydra", (£ H). glu ta thio "" 5-tran'fe rasc: (G SH-ST) and cytochro me P-45(1
contrnt in interst itia l and spermatogenic ",,11. in tbe srntinife rollS tub ules and
ha•• compared levels of C02)me activity in the testes ,,"'ith the liver.

Appreciable activities of both m.. ed·f unct ion oxida "'" a nd epoxid~-<!egradinll

enzymes. ~s well as cytochrome P4 50. were found in testicular tissue.
G luta thione S·transferasc: acti' i ty "'U re\ati""ly high . TI>edistribu tion of these
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enzymes and Cj1ochromo P-450 in the interstitial and germ ceUcompanmont.
I1Idica tcs that Al-m acti" it},and cytochrome P-450cont ent of e ncrcsc mes rrom
the 'nt.....t itia l cells wa. nearly two-fold area ter tha n that in tbe tubule:>. In
cont""t . th•• peciliocaCli,,",cs of thed"o~;cat lOn .lIZym.... EH and GSH ·ST. in
tubule:>" -ere t"ice that in tho int.....titial cells.

Althooah AHH aeti"ty in internitial cell m>Crnsomes" 'as ....Iy 5";. o[ thaI of
he:patic microsomes. it>dO$( proXlmlly to the #Tm cells may be ,mportant for
enzyme ·acti"ated cho~al>_ Thc,.,[o", . factors alfttll na in<.t""honof AH H. EH.
G SH-ST. a nd cytoch rome P-450 probably playa .ignifica nt role ,n germ cen
tOx,city. 2.] ,7. 8.T.. rachlorodibcnzo..p.Jio~in (TCD D) .ignificantly indllC<>
both lest;cular and pro. tat ic A HH act ivity and cyloc hrome P-44S. AHH act i"ily
irwjueed by TCDD m rat t... lis and prosta te Sland ...... 2 and 150 time. lhat of its
controls. respecli, .. I)".Thu•. esposu", 10 en' -;ronmental chemicals can induce
significan l Ie,.. l. of acti"alinll enzyme ")'5t. m. in male testi. a. " .. n a. In the
prostate &land (Dison and Lee. 198(la~

The metabohsm of bcnzo(a)pyrcnc by isolated perfused test.. and lesllCulor
homogenate has rttendy bccnco mpared( DlSon and Lee. 198Ob) ,Thecell· fr.., i~

vitro system metabo lized bcnzo(ajpy,-.,n. a t a much greater rale than the perfu"""
testis .nd produced a diffe"' nt .pectrum of metabo htes. The perfused orga n
'}'5lem may beller ",ftCCtthemn.boli< capabilities of lhe whole organ and intact
animall!lan do cen·free p parations becauS( the: complex hinlop;.al o!"pni -
>.atmn of .... ues. cen I) and enzymes ;n,."I,-.d ,n teslkular metabohsm ....
retained .

].6 U....,hedukd DNA S}nthtosls

Ou , labora tOry and Olhco . h. ve .Iso been inte .... ted in the capacit)"' of
~m'"ogenlC ""lis 10 '<'paLr DNA damalled as a conseq u..... of exposu ... to
cnvironmontal cbemicalo (Dillon and Lee. 198Oa~ It has been .110...·n lhat both
phy.ic al (ultraviolet and X-ray radia tion) andcbenucal allentscanc au sedamage
tn DNA mo1c<;ules. Damage inOicted on tbe DNA templates. unlcss repaired.
may intcrfcre "i lh "anscnplion or rq>lication and result in lethal mutations (cell
death), mUlation. which result in tran.formed cells, or genetic mutatio n•. Tcsti.
of moo.. stra in. differ in their abilit)"' to repair DNA da mage,

W. !la"e used the vd ocity sedimentation cell separation technique to identify
.permato genic cell. capable of unscheduled DN A 'j·n thcsi•. To studj ' un­
scheduled DNA .) 'ntheslS afte , methyl methan ...ulpllona tc:(MMSj lI""(alment.
male mice "i. I""(~rsl Ircau;d with ,.,,,)'ing doses of MMS (16.] . 32.5 and
6Smg, ~g). foUo...-.d 2 hou ... later by the intratcs';cular ad m,nlStration of ' H.
thjmi di"" I hour befo... <&Critice_Spermatogenic cd types were then isolated.

Co ntrol mice !'CC.wing Silli"" foIloWN bj iDlratcsticular injection of ' H·
th,m ,di"" sho" 'N ... ngl<peak of ,ad ioacuVity which o:.lcnt ifiN spermato gonial
cellopassing throuah S·phaS(. In co nlrast. the:radioactive profiles obta inN aO.,



La1x>raIINJ' Aj{"fIJ at RfpraJuCli\ 7 Taxia>logy, '"MMS treatmem demonstrated that thymidine incorporalion now oc<:Urrednol
onl~ In ,n. sperma'ogonla but alS<>In tn.!q>totrne .lY'i01ene, pachyl<ne. and
diplolene cello in decreasing order. Normally 00 DNA s)l1thesis oc<:U"in these
premeio6c cells, tn.refore. tn. thymidll'" incorpo.-atlon In unlteated cells is ' .. ry
1"", These stud i", suggest thaI non-S-phase spermatogonial cells were also
induced to undergo unscheduled DNA s)'ntbesis, In con"a". no th)'midine
radioactr.-ity "'as present in spermatids or sperm (spermiogenic cells). Tn.refore.
spe"nloge",,, cells appear unabk to repa" DNA damage and. thus. are more
"ulnerab\< to t.... eA"eclSof monofunctional alk)'lating agents such as M MS.

A modified alkaline SUCrose denll1) grad ien, technIque was used to determ;ne
the do..... respon .. relationship for MMS -induced DNA single-strand breaks
and the lIme·re<p<>nsc for subsequen' repair. Male mice "'-ere treated in·
traperitoneall) ' '" ith tritium -labelled thymidine thr .. times daily for 5 days prior
to MMS trea'mc:nt. T .... mitt were trea'ed with MMS a' do ... of2<.5, 45. and
9Omgkg. and killed 1hour later . The DNA from spermatogenic cells was
fractIonated and genUylayered on Ihe alkaline detergent surface oft"" grad ient
Single-strand DNA breaks ""ere analysed, R .. ulls of these experimenn SU"<s­
ted ,hat repa" of DNA single-s",.nd breaks indllCedb)' MMS in sJ)«rnatogenic
cells appear to be dose aDd time depeDdent aDd that the DNA repair syste"'"
might be saturated at luih 'CS'doeses or ""jth ",peated exposurcs to toxic
chetrllcols (Dixon and Let. 19800) . O,-erwn.lming the rell"" syStemcould resull
,n a larger number of affected cells aDd increased "'.ticity. Thus. the DNA repair
syStem is another protecti'" mechanism "';th regard to toaic cffeclS of
en, 'lion mental chemicals. as wdl u a se",it;' .. il>dicator of ""icity.

4 T il E EFFER ENT oucr s
The rete testis 01lidcon"C)'s sperm from the les"" into the epidid)midcs and is
relat""I~ easil~ obtained ,n laboratory species. As alt"Cady mentioned. the
accumulation of chemicalo ;n the rete tcstis relat;'" to COOStan'unbound plasma
concentrations has been used to estimate the permeabilitj' of the blood-testi$
batTIer for selected chemicalo . T .... rete 'o";s fluid normally containo inhibin.
andro#n bmding protem (ABP). lranoferrin. y-glutam)" llranofe~, myoinOll'
ilol. "eroids. amino acid. and ,.,.riou. el1l)'nl<'§,Ho..-e"er. onl)' AB P aDd inb;bin
appear to be ,pecific prnduets ofth. semIniferous lubules and reflect the function
of the #nnmal epithelium (or Sotloh cells). M"", research is neoded to do~ne

markers of semm;ferou. tubule acti,ity and to de,-elop sens;t;"e and specific
assays '0 measure lbem.

S EPIDID YMIS

The ;Olt...1and intermediate segments of the epidid)'mis. the capu t and corpus .
an; inwhl:d in 'POrm matunltion. The terminal segmont . t .... oauda , SO"... as a
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Slorage o<p n for ftrtilt 'perm in many opecies. R""' 'l' uon and ""'laboli.m of
components enJ~nna the l'pldidymil In rete testu lIuil!, ~relion by In.­
epithelium. sP<'rmmatura tIon. and mainttn antt of sperm fn lility . rt impo rlan t
funClio n' of the epidid;'IIIi' and, perhaps . targots for toxicity.

Abou t Ont ·half of the0P<'rm;n lhe ep idid)mis art in theca uda. Abou t ono-haIf
of lhe number of sptrm in lhe paired caudae and dUC1U~ a", availablt for
ejaculation . Spt rm av.ilablt for cjaculauon .... rtSlort:d rapidly follo" 'ing
oucctSSivt ejaculation if daily spt rm production is large ",la livclo sptrm r ,,' ..
in the caudac. If tilt rale of cjaculation deplttes lilt cpidid)'mal """" daily
' P<'rm OUlput lhen rtftt<:ISdaily sperm prod uction

Anima\s with a IargtftStT ....ohperm can successfully brc«\ mo... remalts in a
sho rt intm'll. In malts ejaculalinll gularly. the num ber of spt rm in tht caudae
arid .....s dcre",,,, is rt:duct:d ...lali to the numbe, found in a malt lhat has not
cjacula ttd dun lli lht p",',;ou, "·",,k.

From Iht epididymid.. , .. minal Ouid mo"" imo the ," s d,f""",s where
prid ular~tio", .... addt:d. Semen is a CQmplta mixtu... of producto of the
ItOti•. epidid)1l1idts, duclu~ defe",mia arid ampullae. prostalt gland...... icular
glarid" bulbou... thral gland$. and in some $pt<:'ots.the u...thl'lll glands. Thus.
chtmiocally alltrtd function of any of tlltst ....... tory o rgan. can aller """ inal
cha rlClnis tic, . Semtn charlClnis tic$art .Iso inftuenctd by "l$<In , .ge . inte,,"1
<ince p ...vious ejaculalion. """bod' for indt>cing cj.aculaUon .nd collec'in g
"""en. • nd the laboratory procedu.... u<ed for O'"luat;on.

(, SD IE:-."

Semen can be collected from rabbIts and other labor atory ammal< by tl«t ro­
eiaculation or a rtificial v. giu . Ho" cvcr, luch proct:dur.. . ... nol commonly
ustd for ,oo cnts. Hum o <emcn ;,. of count. colkcted hy masturbalion or in.
condom followinll .. aual intCfCou.... Wilh fcwc"""ptio",. chtmic.lly induct:d
.It .... lions of lilt biochr:miocalcomposition of "mcn do nOl rc1kc' teslicular
function bul ratbtr tilt functiM.~ty .nd "'lati .... cM tnhu lio,,, of lilt epl'
did ymid... nd accCS5Of)'.. a p ndl. Tilt st. nd.rd compo ... n" of a .. men
.nal)~is include <emen '"Om""' , ' 'i$cosi,y. liquef' c, ion, uid numbe" mO'·
pbolol\Y, . rid motility of tilt ' P<'rm. TIItst ""' thod' " cre r.. ently c.",fully
described in • comp",lItn, i' .. monogra ph (Bclsty ~, ol.. 1980).

A chan,. in ,lit volu"", "ill mott likely "'Iltct .n allcred .... "'tory function of
tilt pro<llt~ or tilt stmn>al ,.. icl... Bioclltmical markc.. of tilt .. minallluid
such "-'ac id phospha~. citric acid. zinc, .Dd magnesium a... specific... mo,y
producu from tilt pros taIC. Most of tilt Iiquefyinll tnz)'mts also ori,;<tate from
lhe prosta... Fmc to.. and prOSlaglandins 1I~ .... = trl from tilt seminal ' n iclts .

Compartmental . nal)'.. , hav~ btcn usc<!to det~rmi ne tilt ...l.t h.. contri .
bution nftllt ep ididymid.. and lilt accessory .. x pnd s to tilt ejaculaIC. Uniqu~
mark...s, produttd only by. lingleorgan , ar~ sought. Such . nalyscs would .1I0w
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. .....Iuauon of the: function ofl hc.pld od)nIIu nd ohac h a<:ceS>Ory s"" &Iand. &$

,,~11 .. lho lImn1nalc pn hoh wn . H..............tom ponenu prod uoed ""chui '~l y by.
SinSIoorpn and ouilabk for _ as mar k..... 1'0 rare.

Spermd...... 11 is IhI: .... 1commOtl panlM lOr in . I...,;ba o n lht possiblo droct.
of drop orcbl:mnJ comp:Mllld. on.lho malolqlf'Oducu ... S)'5tml. Ho"",,,tt . IhI:
tl\lmbor of "P"f'IDpotcnua Oya,,,,lable foc.,.eulauon..~ as. flmCUODof
daily ......... production. or 1110......... aumbn of spnlIl Jl"1 q.cullto. ddl".~

patly alDOD,s;pocies.E,.... ""lun• sonp spec-oos.sp:rnl domity ''M1OOSpatly
IDd cbanp daily for. SlOP: "'d"-.du.aL

Sptrm c""""",lRtiom .ro ...... 11yd"u.'mulXd ~lIy 1».COIIInllDJaD
sperm in • t",,,...n~ of dilbliOd........ "'tll a~lOr. Ltah'
U'l.1lSlIIOIIOOfImoasund sp«l l"O\lllo_t rall y tllron t:l>an .ppropriately d iJulcd
a\iq>lot ot tho qKU llte bas a .... hI:.... used.

Beau .. IhI:..-n:osomt to cnlQl,n tho pmo!nr.uoo 01 tho o'"m by IhI: Sjln1l\.

apPJoacbl:l for ....-alualInJ lho ISOrmalcyof lho KfOIOlM ha,~ boor!dowklpod.
In normal sporm. lho .,,,,,,,,,,,, ckllodl adhnos 10lho nuekul. lld a n a pica l rid,.
caa be clearty ' ""'I.1ard III "",oy spoe.... In .bno rmal .perm. a<:roIOIl\Ie

lm:lIUlariua iDclude ..... lI'n. alId ~aoculluons.

E luauon 01opc1"m morpholoJ) ·provides imormalLon on lCSlJCUll r funclJon.
and ids in pr<dOCl,n. fUlijWIl' polOnl~1. HO..·.''el.these met hods a re
. ub I" .. wIth Ial'Jl' vamtions b<1..tt a Iabor .t ories and techn"" " ,,, . T hI:
prob lem is especia lly difficul t .. nh human sperm becauS<':of IhI:veat vlrUbi nly
and hip p"""cntaae of I bnormal sper m usu illy found in tho ejaculate .

Sptnn mo tility is To ut ll.,. ly l "II)' sodl nd TepreSt:nu I n importanl indicll or of
f\lnction . To be mea ninllful the mot il;ty l,se .. ment must includ. Ihree factors:
lhe m.an prngTe$si", motIlIty , lbe pt l ~nt motile sperma tozoa. and the tlme
. ftcr ")&Culatinn. The pen:cntaae of mo tile sperm is . widely used test of ~perm
qualil) Proper dilulion of sperm and CIT. ful lcmper. turc contro! is C$$C1Iu.1
(Amann. 1981).

M. JOr impro ve"", n.. in semen IOI)YS"4could he mad . by,

( I) more aocura te determina uon 0( sperm COncenlnr.tiOM;
( 2) rouli ... d eterm inlli(rn ol' hc lOIal number of sperm per C'jaculo.te;
(1) more precised<1CT1lllllluonoIthe pcrttntaF of propess.;,ely moule sperm,
(.) more m' ical....'a lu.lioa ot spermmorp holoJ)' by u.m • • plwe-<:onuut or

dilJ=lial interfcreoce onoUUI iDlClOLOpCfor caref ul CDminatioo of "'C'I
preplnltioDs as _U ...... 1Xd ..... IS.

f"no:uonal panmc1 eT1 tha' "'"Quidhe >'diablo~o... ot dl< mocaI aod
m vuuumm tal facton alJcaul. lhe male reprod ucti ... system IDd mIic fcnib ,y.
Tbesc-,oelllde spc<mmotih,y alId SIlr\lVlI Ill ..... nal pbosma; n,otilny IIIoon-Q
mUCIB, =isu. ...., 10 phyUcal wea . IIlCUboam: ... su....., 10 sodium dodccyI
sulpba te (SDS): ziDc upgk~ ; IDd rdcalocof CDZ}mcs-. proteuU IDd hpsd>.
Prostanc<b~0IImd ptrbapsotbcrflt'lOl'Sd«rasc lbemt "'. ......of human



160 M~lhO<hfor Assusi~g I~ Eff~CIS(}fC~miJ;u/son RPprodIlCU.¥ FunclWJU

spcrmalo>;oa 10 SIres, faclors like gra'ilallOnal fortt during ""nlnfugal ion.
dilulion and 10" lemperalUft (Amann. 1981;B,l sey ~I.,).. 19&0),Release or
enzymes. specific protems. and phospholipId' by' bull. tam. and boar sperma ­
lozoa may also bt functional paramelers relaled 10 fenihl)', The rde"",,,,, of
physiological and biochemical rtseatch in relation 10 semen prOperlles and
ferlilily was r"",mly r"i .... ed (Mann and lUl,,'ak·~lann. 1981),

; PATERNAllV ItHA TEO BIRT H DEFECTS

Reproducli"e problcms a.-.l incmlsed inciden«s ofblrlh def... ", In ,heir children
reported by Vietnam 'e"l1l'1$ uposed 10 Agent Otan/IC ha"e focused attenlion
upon palernal chemical exposu", and perina'al outcome. Thi' ra'her con­
tro' .... ial area ha' b«n tn'iewnl r=ntl) by Soyka and Joffe (1980) and
Strobi no tI of. (191&), Lab<>ralory>lud,es ha "e demon' traled thaI cer1am drug,
and chemicals affect lhe progeny' of male animals which "'ere dosed hefore
malina. Although the'" a'" few'}'Slemalic sludies of the elf... u of palernal drug
exposure on offspnng In humans. aSSOCIat,onsha.'e b«n teporled for lead.
na"'<>lie>.calf";ne. ethanoL anliconvulsanl" an.eslhctic gases and smol,ng.
lObacco.

8 ERECTIO N A'\'D U BIOO

Because:laboratory and dmical >ludies a'" rare. Iiule is kno"'n concerning lhe
eff... ts of chemical. on libido. ereclion or eJoculatlon. The pm"ary complaint of
IOSIor decreased libido in male patient'. m lhe absence of sc'"'" organic di~ase

Or ad'1lnced age , IS mOSloften dependen t upon emo tiona l or psychological
disturbances, Ho" .... r. drugs may defiOllely playa role and oce:upauonal or
enVIronmental dICmi.al exposure migbt also be the culprits (Wood •. 1979).
Impotence. lhe failure 10 obtain or ,uslain an ..-eoion. is ,",-ely of endocnne
origin, Auaining an erecIion depends upon complex neurolopcal and ClrCU·
Ia'ory pathway'S.The paraS)'mpalheU' ... r\'O\lS.]$tem i. primarily' in"ol,'ed in
the erection process: the .ympa thetic ",,",'ous i)"tem pia)'. a major role in
ej"~ ula lion. Thus. drup and environ menIal chemicals alfecling the aulonomic
ner.-ou. 'l"tem ma)' resull in substantial ",producti>'e d)'sfunction.

9 SU.\I.\ lA R\

Male reproduclive elfecti"enes. represenlS a number of inler· ", laled o'sans and
lissues whiochare carefully comrolled by hormonal a. wellas olher factors . E,,~h
process in ,he sequence of event. is a potential targel ftll' IOxicenvironmental and
occupalional chemical •. In addll;On. pharmaeokinelic. adapl;"'e. and homo.
e"'talic mechanisms ea~h play an imponant role in chemiocaUyindooed 'es'ieular
toxicily. dee"'aoed fertilily and redLlCedfecundlly, Oment laboratory-melhods
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slightl y bel"'r . A great deal mort efrort mU'll be de'"Oled 10 uDder' landing Ih.
cellular and molecular proctSSe$ "hic h undali< ,<prodU.llon . 10d<",nnmlng
h""'chem.icaJ. perturb them and to kno" ..ing lhe .!feelS of such perturbation. and
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M«1Iod>10<A~ ,I><Elf.,,,of C1>emjca~ "" ReproollCli.... Fu""'"" .
Edit<d br V. B. V"" t and P. J S......
C 19U5COPE

Effe cts of Chemi cals on Rep roductive
Function

I, V. SA~KlJ

1 I" TROD UCT ION

In ,·i",.,.of a s1<:3dily i""~3.. ni number of abnorm al pregrui""ies. childless
""'mages and congonltal de,,,,lopmenlai defeclS OMel....ed during the r=nl
l"'ars. lO~icoloJl$1S ha" e lOimpro"e ,heircapa bilily ofpredic1ing possibledfeclS
of en"ironmem al c"'m;ca.l$ on rqlrod<>cli,,, fu""uon . Tbc dfecls on repro·
ducti'''' funclion sho uld be consid"red IOg<:lll<:rw;lh olher Iong_1<:Tm
df~lt-cardnogomc . gon"lic and immunological-" 'hicb many cbcmiCillsare
capable of inducini wbcn absorbed inlO'bo body o"en in ''''f}'small quantilies.
Somelimes lhe~ is a long Iatem period before such df~lS bcoome apparen!.

Clinica lOMe" "lions ha.'" demonsl"'led 3 gro"in ll number of diS/urba"""" in
the menslrual cycle among fomale work"... in rom" industoo. nOlably in lhi:
chemical indu stry. Such pathological change s frequently occur wilhou t the los'
of " 'orking abilily and may n<>the included in the routinc medical records.

Sanilary SlandardS for Ibc mojorilY of industrial obcmocalsp~viously t.-.led
were eslllbl.. hed Wilhoul conSldenng possible long_l"rm elfecLs.A con"inclOg
documentaiion has accumula led in lhe meanlime which pro,ides ""identt for
",Ieeli"e lo~icity of many chemicals. and a number of a lready adopted hygiene
~gulations ha"e lherefore been re"ised in lhe Soviel Union and in the member
oounloo of the Council of Mulual Economic A"ista""" (O.IEAj. Wbcn
eslablishing sanilary slandards for cbomicalo in lhe en,'ironmenl. il is now
mandalOf)' 10 take imo ac<:ounl lhe possible long-term elfeelS.

O" lUrbanoes of ~prndu<:lo,"e funCtion may result from ,njuries on lbe lesles
and o' ·aoo. from palhological changes in d.. ir con'ro l $;-'$"""~ and from some
diseases of'''''urogenitallracl which impairse~ual processes, These impairmenLs
may become manifest as d"lurbances in the indi, 'idual OomponenLsof lhe
int<IlUled rcproduc'ive C}"Ie,$\lCh8$ libido, ereclion. ejaculalion and orgasm.
For exampl<. lhe impairment of eJaculation-",, (n its complel< <Ii$­
appearance-following an <xperimental exposure 10 3~,. $OIution of hexachloro­
pbene. proved to berela\O:.1lQfibrQiis of tbe prOilate (Gellen r l a1.. 197&),

£ '" Iualion of lhe elfecl$of p')"holl"nic faclOr$i. no'" con$idered obhgalory

'OJ
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in dim"a l in,'e<llgalion$. It" ",,11known lhal n,u,OSl'S wilh RIa,ktd ,rnOliona1
disturbancesmay ha,'l' a depm.sj,'l' effecl Onsexual behaviour. on spermato­
genesis IK ri!tal and Sergitnko. 1977; Vu ilcenko "ai ,. 1977; Sanockij ,I al,.
1980a.b). and on "'p,ooucli,', capacity in gtn<ral. Fo' inslance. occupational
exposu '" 10 "inyl chloride may resu11io symptoms of aslhenia. arid may initlale
sexual diiturhanctS: a n\lln w"h a wcak sexual "Ooil ;lutlon may ha''l' a Io"'l"
libido if he is asthenic . Thus some ;ridust riak hem'oca ls may ha"e an iod;r""t e!fecl
On",producli"e fuoctlonby way of lbe" action on lhe "",,·ou'. eridocri"" and
olher syslem•.

in vi",,' of lhi •. an Impor ta nl lask of lox'ocology'is 10 determine whether lhe
clfOCIof a chem'ocalo~nl on ",productive funet;on ii spttifit (Sd"""''l') or not
Such toxiotologJClll$lud'e< can be sllC<'C'SSfully penon"",.! in oxpenrntnlS 00

Iabo"lory animals (Sanodij . 1976: 1979).

2 AI'\'Ot: TU:" [ or <,-l H HODOtOG \ ' r OR [ V" LUATl,\,C THE
EFFECTS OF CHD llC ALS ON REPROD UCTIVE r UNCTIO .'\'

Systematic e.,alual>Qnof the elfecll of "hemicals on reprod ucllve fun"uon should
consid eT the followlni-

(I ) GonadolOx'ocity' (see Figure I):
(0) eff..: ts on the teSte<and on the control of their fUTlClion.and
(b) eff""" on the ovaricJ and on tbe control of lheir functIon.

(2) Effects 00 the embry·o. fetus and 'molher embry-o fems' system (see Figure
2) :
(a) cmbry'Olox'ocity.
{b) le,alogenic'ly.
(c) effects on lbe placeota and Ulem,. arid 00 lhe cootrol of lheir funcHon.

Genetic effeclS. all hough conceptually a par t of repr oducl ive toxi<:ologj. are
con,idere:d separa",ly (see Figure 3).
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3 BASIC PRI ....C IPLF-S

De'ign of ex~mnenls ;n p~'.. nt;,'e toxi<:ology In\'ol,''' ""me fundamenta l
principle<. lhe negJ<:ctof" h>chmay diminish lhe value of {he work performed
and make the inlerp~ta\i on of (he resul.. d iflk uh. The.. basic pril>Ciplesare as
follow"

(1) A ')~Iem of funclional. morphologica l and biochemical indices of effect,
should be used , Resulf. obtained by u, ing only one type of indices cannol be

subjectto e.\hauSlive inlerp~lalion ,

(2) SImIlarity in chemical slNcfure or biological act" ';l)' 10other .ubs tal>Ces
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known 1obe mutagenic, embryoloxic or gon.dOloxic eilher directly or by'way of

lbeir e/Tects on lbe control mechanisms indicales lbe Deed to perform the
COlTesporu:hngsludies

(3) Particular allen lion 'hould be paid 10 subslances whicb demonslrale a
prOllounced abilily'10accumulale in lhe organism, and 10subslances wilh whicb
many individuals are in contact either OOCupalionallyor in e"eryday life,

(4) It i' indispensable to eSlab~sh lhe Ibre!;bold for lbe harmful effecl
considered {Lim.,j based on the delerminalion of lhe minimum effecti"e and
,ubtbresbold doses,

(5) The risk oflong-lerm effectscan be e-slimatedb)'determinin g lbe degree of
selectivily (specificily) or lbe biological effectsconsidered , For tbis purpose . lbe
Ibreshold for lhe effectson the ,pecific function under ' Iudy {l-im.,j iscompared
with lbe lbreshold for lhe offeclon the organism as a whole as indicated by in­
dices of overall (integraled) toxicity (Lim.,.),The degree of selecl;,'ily (specifici1)')
of tbe effecl is lhen determined by cak-ulaling the 'zone of speci&: effect' detined
a. Zoo_ L,m ...'Lim ..: Zoo> I indicales a seleclive(specific)effecton lbe funclion
under 'ludy,

The lbreshold for a harmful effect is considered 10 be lhe smallest con­
centra lion (or dose), the exposure to which-under specific condilions of lbe
e' perlment or obst""alion-p rod"""" <'ilher changes in lhe organISm whlcb
e;weN lbe ~mi!S of physiological adaptalion. or latent, temporanl)' com_
pensaled palliologica l conditio"" ,

(6) If possible, lbe results of experimental in'"sliga tion should be compared
wllh chnnl and epidemiological obse,...'alioos, This pro,'ides a reliable basis for
selling up or corl'CCling sanitary standard' .

4 MINIMUM RE:QUIR[i\-U:l\'TS fOR GONADOTOXIClT V T[ST ING

The condilion and fuoclion of the lestes can be e"ahlaled by quanlilalively
assessing lbe morphology of spennalog<n'ocepilbelium and by examining lhe
functiona l ,Iale of 'permaloZ/Xl (Fomonko, 1975)

The morphomelric assessment can be carried oul by estimalinll :

(I) Ihe .permalOgeoesi> indexas determined by a melhod proposed by Fogg and
Cowing (1951) (not obligalOry),

(2) lhe reJali,. number of lubules wilh desquamale<!spermalogenic epithe~um:

(3) the aver.g e number of normal ,perma togon ia:
(4) lhe relal;Y<number of tub ules Wilh cells ;n the 121h'Iag e of meio,i"

The functional stalt of ~petmalowa is e""mined by :

(l) obstn--ing the character and dura tion of lheir mo'-emenl :
(2) estimatioglbe relat''' e numbe' of Ii,.. ,permalozoa:
(3) determining lhe concentralion of <permatowa in the lail of epididymis:



EjJur , of Ch~",;c"lj on ReproJuClil." Fu""ricm 167

(4) ."imatinjl lhe rda ti'" numbe' of degen<ralN! farms of spermalozoa;
(5) d<:t.rminins ,he O$mab" and acid .... iSla,.,.. .

The control of leS,icular funollon "an be "valualN! by :

(1) del.rmin ins the ", .. Is "f gon ad" " "p i," in blood serum,
(2) d"lOrm,ning the 1e:,.. 1of test",'"rone in blood plasma .

The clinical .xaminali"n of male: reprodllC'iv . func,ion irw:ludes lhe n a·
lua'io n of'he state of n.urohl>fm"nal . p"ycool"gical. =6"nal and ejaculatl>fY
oomiXm.nts ofthe se. ual "ycle:by using methods of s' ruclural anal)~;' "f sexual
distu ,bances (Vasil&:nk" , 1977).

The eumi nalion of the ejaculate comprises the following '''na bles'

0) \"Olume:
(2) "Ok >Uf ,

(3) period "f liqucfa"ti" n ;
(4) viscosity:
(5) sperm """""ntra,i"n (numbe r I"'r ml);
(6) 10lal number ofspennatozoa in lhe ejlOCUla.. :
(1) "'!l<tivc number of Ii,.. sperm,lIOzoa:
(8) percentage of morphol o gicaUy alterN! fl>fms : and
(9) pH "f ,he ejacula",

The biochemical in......,iga,ions i""lud. the det.rminalion of leSlOSterone1e:,.. 1
in blood plasma, the amou nl of fructose in lhe .jaculale and lbe aclivily of
byaluronidase in the head' of spermal ozoa .

The . um inalion of ovaries ""mpri~ lhe delerminalion of their wtighl and
quanlita,i, .. ew.lual ;"n of their m;e,rnslruclulU (Ma ndl and Zuckerma n.
19S1a.b.c . 1952) i""IOOin, :

(I) primordial follic:1esand foUioles",;,h on. laye' of s ranulosa cells;
(2) follicles ,,-ith Iwo "r more Iaye" "f ll' anulo," cells:
(3) Graafian f"nioles;
(4) corpora lutea:
(5) lO'al number of s.n .... lN! fl>1'1m.

Wilen n 'a lualing lhe co ntro l of ova rian fu"", i"n in the preliminary . xperi.
menl, the gona do"o pi" func,i" n of tile pitu itary jlland should be eum ined.

5 [)IBR YOTO XlC ln

The.~posure 10 chemicalsdun njl pr-.:gnancy can ""ul! in '"rious a bnorma~t,es

in lhe d" .. lopmenl of embryo which can be pro Yi, ionaUy "la<sifiedas being lhe
[tSulU cr :
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(I) IrNlll>VlfiLil)' ....hen ItlSlOmorpholognl biochemical. functIOnal and OIhcr

abnormahtiQ __$Omelimes incom patible ""lit lifr of orpn and s~m
functions of the embryo o<;l;\Ir. ,hose-aboormahues can t«ome mamfesl 10

the pootnalal de,~lopmmt.

(2) norhrl"'I(>$kIl} ' .. heo IntnuleriDe dealh 0' ml".;:ed aze and ......pt of
embryos occur but the t_ '"' DOmlaIly dilre.....lI .. la;\ .

As a I\I,le,",-bca the dOlCl Of roacenU'aUllOS of dilfC1C:lltchcrrucal .. bslanccs a~
.man ... ...u cmbr)'oIou;nYIS obr<no:dT~ isabonnatexposurcs
\0 low OOOClCIIU'aUO... 01 chem ...... )o.e' .. nbd: .... ",me opocdic nabr)'OlOUC
<u""'ancu (fo, mmplt . cltlotopeut) ma) It< InIIOp'IUC ....u '" bca aclmu>os­
tered at 10.. OOOClCIIUI!IODfdurm, spcci6c cia)" ofp~- (SallOCku and Sal'
nito, ... 1979).

Tbc corrdaUOll hn .."tl'D \Cn.'ott''''C''). lit< stage of embr)0JCDCS'S and lhe
duntioa or upolun: II pamcularly s,,;mbcanl. 10 our _ 'n it"''''0( ebbr<>­
pm>c. prultnsolout. 'lO)t <;hIondt and othor<ul><lanca ..~ ..~ ablt 10 eslabbslt
a o imponant fact. U tba l for somechemical. II>: relati"" cmbo'}otouCll) is
hlchcr "' hco lito uposun: dunn"p<cific pcf>Clllisof cm b')'Ol<DQ>f .. compar'C'd
10 lite 'otal nposun: duollJ pr'ep "Cy W c consider lit,. 1)1"al for SUbsllllC'CS

"'hic b Ita"" a specIfic cmbt'yolO sic action . Undoubtedly. lilts quntlOll needs
furt hcr Slud y Sl~ II II ol prac lal,mponancc for .-..comm«ldlD' the "'o rk
n:gimcn of prepnl .. omen In ,hc chemical induslry.

In ..,me ...... embryotO XlClty can be rcla.«I 1<, ,he I",n sf. r of lhe chem.;.1
through lhe placenUl, Direct and tndi rcct met hod' ma y be u5ed for IIUd)'in.the
degree of placen ta l penn eabllity '0 chem.;al substa nces. Tile dIrect mclltods
con,i" in detcrm Lnmlll he a mounl of substa nce tran sferred t ltrOull1tlhe p lacen '"
and i.. distri bul io n in em bryo nic li"ue " For esa mple. lito dete rminat ion of
N..\" -dimctb)'lforma mid. (DM FA) in ,he embr yonic lissun. p~enta Ind In'cr
of a mother sllo"ed t ltal the inhala lion eXPMun: to D,\l FA e..,n at the maXImum
allo""ablc coDCCntr,"",on and a t minImum chro nICell"<:<11 1e.., 1s( LIm. leadS '0

,lie accu mulation of the chem al in em br}onaJ tissues.
Tbc clta Jl.lll'of placenlal permea billly ..'j,b the SlalC of pr'Cp"C) and " ,Ih tlto

collCe1UraOOll (d , oIthe chel1llall is an unportant prob lem. M dCDlOl'lSmlled
bylk Siv.x:.I0 ,n 191j.lhe placenlal pcrmca bilil)"can It<u5ed fordc1mnllUlIl
!be ~hold fOfid."t'K effectSoftClrloC},lioe and IItller <ubolancc$

" pan from "' .... a dll'<lC1mcasurm>cnl of the transIc.- 0( cbnttalllllroup
tbe placc-ntl. the permeabihl) can be csumatcd 1»1I>CI1ISollOSl SUbolll'OCCSsuch
as " · l » s and otbcr1t. Tbc cornbnal1OO of !be dln'CI and iIIdIr«l methods
enablesa It<tln UllClcrsllndlllJ of the dcgrtt ol pcrmcabtbt) ol placcntll t-mcr
til r"",, 1X'... bstallCn and IlOl1llOlImc<a.ltohlCS.

E,u..a lJOll01dosl;urba'lOts of comP""P"""l media........ 01_au! and (<Ul

orpnssms pkys an tmpOrtant role 10deterlDlJ1lD, lite sclcctJ' It) 0( cmbr)o<o ....
elf..... 01 d.emil:ab . for .... mplc. dunn. inba.la1JOClexpo$<ln: 10 D'IFA. lito
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aNIK function of tho fetus of expenmtmal a mmals expooed 10 h)l"' XUlII lhe
,nlemu,d," le and late " "l ei of J>reJRIIIC),,-asdlIl11l1p . a l tho ... me I""" lhe
funcu"",,1 >lale of the uL«1l' "-asnOl ,mpa ll'ld . T luo fxt confirm< the sc:b:!lw
ael"''' of D"I FA on lbe fell... Smull, dala " -m: Oblal-.l ,, -ben the em bryolOJ.X
ael"'" of terUuy bulyl hyd roperox de "-as,n"", lJplc:d .

Tali:"'I ""0 aoalUnl lbe intnalnn«1101l beI" un lbe OIP"" of the ""'lber aDd
llw fel.... ,I ISII~· 10 mllllll( IborouJltly 1tK.' orpIIO of t.he fet ... aDd
O«opnlll..-bic:h ..~ ",jllmllO a Ill.... dqra: '" do:1r lIIOIbe.... In lUIu.ptOll ' '' '''
.."It 11)<1"""" chloride. " ..~ ew.blubc:d lhou rqasdle>$ of II.. .... .. of
prqnIlIC) . tho 1DOSl.....,... IhenilOllfllke ploa '" llw: la.np and k id "" Yl' of
....p""""'n"'l animak. T ile aMral_ on lbe fetlna aDdO«SPnll l folJln,u;lllIc
'Ofpn '0 orpII. rdalioMlup , lbedqra: ofda ...... <kpmdc:d on the!kptt of
",jury of tho oa_ o rpM In lMlr lQOIlten.

Ii '\ IIXI.\ ILl l REQCIRE,\IL' TS "OR DIBR\ 'OTOXI OTl
AS D TERATOC L'I CITl -resnxc

\' ethod , for e,~luallnl mlhf)oIOXlClI) 1"",1ud<,he dcterm'Daliotl of;

(I ) pmm pla nta l"'" b<e<.
(2) posllmplan ta liotl m.e.,
(j) 10lal cmb r}o nal mortoli l)

MClhod ' for c'-alual ,ng ter\l'0ll"n>euy co mprilol::

( I) a.... I).. if of ,be pall>olog y of Inlemal orplU by Wilson's microanatom ica l
melhod,

(2) a nal)-.;, of , he card;ov;lI cula , P/ll l>ology accoro;ng 10 Slap),..' melhod .

E.-.lu a llon of ,he heallh sto lUSof lbc=offspn n,·

(1) poslnato l lou (ooeffic.. nl$ of lu",,, .. l a nd lat tal lOn) ;
(2) cnlua ' IOn of ,"" funct IOnal "au of ,ncI,vll1W1Ja ,p ... a nd syste m, of llw:

olfspn nl:
UJ appbca.lJOll of funct lona l load s.

T Iw:.ppbca.tion of _l hodolopeal approaches _lItioncd above ,,-as,~h·
dalc:d b) lC:IlInglC''e ral dollons of elw:micl.lI. ThiI pnn"idcd an oppx\ unll) 10
do borale ,he main cri ...riI for ' Iw:e' lIlUlllOonof Ioni--lerm etre<:Uof ,be 'nd<l$ll1lO1
ehemicals and establisbint lim"s ror llw:u COflca"n1tion in llw:en.-ironmmL

7 CO,\ CLLSIO:O;:S

TIw: IIloelloodIdeocribed ,eph'S"''' oal) !be m"""",m te:sunl roqlb:("ll>(lIU
sullicJen' for ooh"' K_ plllCUCllltasli:s. S-..elIIS AmlUy sundanlilJIuon of
IOAK"<:bc:m ls in tho air. KId foodaad$OGle otllCfCII>ir Olllllal W compottaU.l ,
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det<"l"minationorthe degree of toticityor chmlicals. and th . predict",n of relatM

long -t.rm <iT""t•.
Thi s list o r method ' should nOl be .onsid.rod dOllma tica lly, N . w methods are

bein g d~loped , aod as the amounl of info'mation they p,ovid • . the difficult,es
m their use a od tlleir reliability a re .v aluatM . they gradually supplement or
repla~ cu""nlly u$Cd ""'tbod.,

T he autoor is gr.llrlul to Dr . V. I. Gl ul&nko for his a.. i'la~ in the
prepara,io n of 'hi'paper.
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Eff ects of Chemicals on Reproductive
Functions of Mamma ls : Mechanisms of
Cell Injury and Adapti ve Responses

U S DA R W VI)I. and M ICHAEL I. SIlEP.MAN

I INT RO DUCTIO N

It is. relaU\-ely simple mailer to asses, ... U injury in u~llular orpnisml In
IUJ)OII$(: 10 ad.-enc cbrnJicals' n>eUu=nu of raleS of macromo\c<;",I.,
S)lI'beslS .. ill ,nd iallc ..1>ether basic melabobc:~ and prol;(enu""
capaciuel ha,~ been alfccled aDd limp" 'Ubi/ily IC51SCIon~ used 10 moOllO<
su,."~,.,,L On lIM:OlberIalld. 1be c!focu of cbcnucal mouI, upoII lDlIJDmlIII.U 011
olher mullftDuIar orpm.m.. can he IUbuantally ~ di&ull 10 .... lyse
becaU$Coflbr ..... oWDbn-ol •."riablel thlllJ\' 'lltrodllCCd. E,'nl ""lhmalJ!ltlc:
species. clcuiIIIcnull cbomialo micbl...... II dfcet lIJIO'l ....... iD:l,vo:IlIlIlI
but "0' upoll otbNI bcQ_ of I"'", II"or " ~....,nces. v • .- Ol'U 1}-ptI
miPl' b). '-.rt~ oIlbcu ""n= or IocalllDObe d.a'eDualI) "SUSCC'ptibk.In !upr
anunall. 1d,'nX "CCIS aDd"'''0 dcalh alII 11from~ 10"hernial.
"'...., ,[ lh<:$I:ap:n1S00 no! killodls dllt'C'll). 1111 l\'r;:irnt "",rd)" 10m!Cf...., .'Ih
lbo: .pcaa~ f\lllCbOn$ of ....y ot II "umberof...,O ' ) -pe$ iD...,lYed,n .he
.qulallOo 0( Ile\Iral. C~IOf). hormonal or irnmunolop;a1 prooesscs.
Secondary aDd Ion.·\tmI df('C\$IOrnpo_lnchtmil::al inj\lr}' make Itdll'lku lt to

pu>poull tbe \"'\lalilt. or 'it" of action of the advenc chemical.
At tbe mo..... lar level. cbemie als can en .. da mall" in nllllXl'OU\I" ,, )'

inc lud inll in~rfe"'ntt " 'ith norma l mota!>olil: prQCO:l.SOS. disru ption of cellular
arch itoctul't , induc tion of mUlat ions arid p...... nuon of ceUdivision .

T he reproducl i.... process in ma mmals is ptlluop, substantia lly more ' utcep­
lible to d lSl1,lpt Kln by <ktnm.otal ehemicals than 01><mi ght expect ba sed SOlely
upon anatonucal eonSJdenuioos. It i. hhly thaI lite rap"" prohfCTalion talCS
of JCI'TII""lis and cmbr)onr celk at '''nout ....... of tbeir deY<lopmaIt ....
reopontible for the obIel'"O<ldsellSitiu\), Ahbou.ab mfcrtihry ill ma lesexposed to
damagiq ebemicalJ is l1RI&II} U'aftS""' t. females ha, .. less 1ik.1ibood 01
real\'trtlll rtprOd1lC1l'ol:rullCliooif lbey are exposed to the sa"", .bema"It
partJC\llar dc\clCJlllM1lLolpcnod$ 4'" oectlOll4). E..pooweof prqn&D1 females

'"
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to appropriate doses of ma.ny chemicals can lead 10 abortion; alternalively,
offspring might survive albeit in a weakened or abnorma.l cond ition. If a
prcsnant female ;s upo5e<! to chemICal InsUlt al a cnl;"'al IXnod during
pregnancy. the resul1ing olfspring might initiall)' appear 10 be unalfected but
might later be found 10 be abnorma.l "' th re.pect to gro"lh rate. bella"iour or
fertility (e,g. Mclachlan. 1977: Felton ~I oj, 1975: Snow and Tam , 1979).

In attemplini ;0 elucidate mechanism' of chemical injury to lhe reprooucli,,,
'l1tem. one mUSIconsider dfects at tbe lIssue. cellular and molerular b 'els
Well<st.b li'hod in ,'i. /} techniques and ""me no""r and promisIng in ";n-olest<
!u>,-c b=> designed specifically for SlUdyin'lTOSS clfeeu on the reprodocli,e
s)'Stem, Thest: procedures are disc:uUt<!below a nd detailed In acwmpanYing
paIXB. InveSllgalion. of cbemical insult al the ""l lular and molecular lev"l. are
iCnerally carried oul in I'ilro and are similar 10 procedures commonly used 10
S1udythe beha' iour of other cells in response:to en'iromnontal chanj< . Finally.
related 51udieocan be underta ken to learn IIowcells in the reproductive ' )'5lem
can under certain conditions reco....r from. or escaIX Iasling dama.ge following
exposure to. detrimental chemica• .

2 :\l ECHA:-.'1S:o.tS Of CELL INJ IJR\": MO LECULAR
CONSIDER ATIO NS

Since normal cdlula' function in,"(>I>... the intCTdependcnt and cooroinatod
activitieo of .. '"ral cla.... of macromolerub (DNA, RNA, enzymes. <truclUul
proteins) . di.ruplion al any of a number of 1e....1.can haY<:"'idespread dfects
upon o....rall ""lIular integrily. Chemicals can cause ""II injury di=d y by
di,rup linll membrane 5lTUC1ure,wbichcould lead to a Io<sof cellular integrily as
.....11as the inability to take up ....,ntial nutrienl$. Alternuively, ,he ftow of
,...,.Iic information could be interrupted by chemicals thaI block lhe normal
.ymhesis. proc=ing or imCTactionof RNA, I>I:Ce'saryfor lhe tran'lalion of
ilructural proteins and enzymes.or t!tal acl al tbe \ev-d of translation p« ~. Some
chemicals can be equally injurious 10 tbe <:<:ll.by disruptinll intCTmediary
metabolism. or tbe produc6on. acqui silion . translocation and 'or utilizalion of
e", )'me P=Uf$Or'$. substrateS and cofactOr!. Finally. in rapid!)' proliferatinll
cells such .. tho5e involv-edin reproduction . mutallons and agents thai interfere
"'lh replication or mitosis can have profound dfeclS upon ultimate cellular and
tis'ue integrity and function.

In ll"noral terms . macromolecub can be prevented from funcllon inll nor·
mally. and thereb y have a delnmen\lll e!foct upon cellular .....lI·beillJ-. if lheir
structure or aCli"ily is ad, '""",ly alfected . We 'hall first consider "'3.)1 in "hich
chemical. can disrupt lhe function of ma.cromolecules by interfering "'lh tbeir
structure: subsequenlly. we shall describe means by ,,-hich chemicals can
interrupl normal ma.cromolecular function "'lhoul di=t1y cauSlnll structural
alterat ions.
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When anempt ing to elucidate mochanisms by which chemicals cause cell
inju ry and rep,oductive dama~. It" Impo rtant to bear in mind that a chemical
to which an animal has btt n e,post<! might not be inherently harmful.Chemicab
which are actually essential fOT the ~\l,,';val of an individual or dru gs with prov'en
thera!,<,utic bene£t. can be deleteriou' if admm istered to an individual in
excessi"e dosage. (.... e,g.. Hurley . 1977). Furthermore, ' ince many . enobiot ic
chemicab are non·pola r. the organism attempts to facilitate excretion o f . uch
chemicab by £"' t making them more polar and $u~uen t1yconjugating them
to a hydrophil ic moiety ' uch a. g1LlCuronic acid.• ulphate. acetate. et<. (see
DUHon. 1978) Often the polar intermediat e m<Ulbo ~te is. or is con ....rted to. a
highly reactive .peei"" capahle of di"u ptmg cellular integrity by binding
covalently to macromolc<uleo or by initiating froe "' dica l chain reactions. One
group of eltlyrnes responsible for the format ion of sw;h reacti.... compo und, ;s
the micrc>,cnne.bou nd . cytochrome P-45O--dependent,mi'ed-f un<1;on oxidase
s)'Stem.

Although the liver uppea", \0 he the maIn clearing house fo r foreign
compou nd•. mixed-function oxida ... have also be<:ndn""ted in lung. kidney.
•pleen. skin £bro blasts. intestine .embr)'o, placenta and other tissues (Atlas" al ,.
1977:Schenkman eI al.. 1977), The site of metaboli<activation detoxication of a
given compound will. therefore . depend on its portal of entry and it. ti" ue
dist ribution. Act;vit;"" vary wideI}'from tissue to tissue and with the ,pecies.a~
and ><' of the anima l. Accordmgly, generalization. cannot be made regarding
the potential damage to a gi"en tissue or an imal from "'l'O'urc to a .. nobiotic
which i~ 'usceptibl e to metabolic activation. Furthermore. an active intermedia te
may pose a hazard to ti' rues or organ' them.. l, ... incapable of metabolic
activation , Th is would depe nd on .uch physicochemical parame te", a. half·hfe.
accessibIlity to and reaction rates with cellular ,uM tituents and lrpid ""ale ,
parti tion coefficient of the unconjugated or reacti,~ .pecies , Absence or
inhibition of the conjugation reaction or depletion of the ~nd08enous hy.
drophilic .ubstra te couk! also increase the Ihreat of damage to aU lissu.. .

Since thi. paper is conce rned primarily wilh the mechanisms by which
chemically reacti"e and biologically acti"e compound. dama ge ""II•. we. han in
man}' cases consider general cla.se, of compound" their acti"ities and con­
sequences rathet than providing a '\lrve}' of xenobiotics and their metabolic
fate. ,

2.1 St""'tu ra l Allerat ions

X""" biotic chemICal' or en,ironmen t~l pollutunts ~ re often characterized by a
multiplicity of pos,ibleehemicalmteract ions ""ithb1olol\1cal macro molecules. In
mos' ca ... the C}'toto xi<o r terato geniceffectsof such reacti"eeo mpounds can be
attributed to mare than one $\lch interuction. while mutagenic and carcinogenic
effect, of xenobiotic, are. with few exceptions. the resuh of chemical reaction. or
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interaction$ "';th D;-;'A, Nucleic acid .t",clU'" can be altered In a number of
lI.'a~i . all of whichcanID"erelyaffl!ClfunctionNuc~otld~ analoguescan be
iT>::orporatedtoto DNA or RNA causilli chain termination . a potentially lethal
evenl, or resulting in intaci but defective nucleicacid (see Kornberg, 1980).Some
base analogues can also «tTt cytotoxic effect>;by causing DNA damage which
lead$ 10 strand breaks and even chroR'lO'M>mebreakage, For example. 5­
bromodeoxyur idine (BrdU) can act as a ,imple base analogue and cause point
mutation' by mi>pairing . but it can also be photo>act;''ated to form dimers more
readily than it. analogue, thymidine (Kornberg. 1980).

Some oligopeptide antibiotic, like Netrops,n and dislamycin A form stahle
comple,es with DNA via hydrogen hond ing and c1e<:lrootaticinteractions ,
resulting in inhibition of DNA and RNA ,ynthesi, (Kornherg. 1980).Other non ·
covalent ,nteractions with DNA are achie-'ed by a class of polycyclic planar
compounds called intercalat ingagents. Compound, 'uch a, acridine form $table
compleJ<t$by ,nserting bet""een stacked bases in Ille double helox. Tile resulting
10" of .truclural integrity can be mutagenic. teratogenic and Or cytotoxIC,
Actinomycin D exert>cyt01o,ic dfe<:tsby intercala ting into lhe DNA molecule
and forming a hydrogen hond \>etwoonIts cyclic peptide portion and guanine
resulting in a stable complex which di>tofU the DNA ,ullkiently to inhib,t RNA
and DNA synthesi>(Sohell, 1973),Man)'planar pol)'Cycl;ccompound$also ha"e
alkylating 'ide chalns, or are metabolically'activated to ",a ct;,'e ,pecies. and are
therefore capable of interact ing "'lIh DNA covalently and perhap> which some
,tereoseloctivity

Divalent cation' are important in aUaspects of ceUular function. Fidelity of
DNA replicalion can be altered bychclallng the metal ions n=sal)' for DNA
poly'merMeacti, ·,ty(ma~lum and zinc)or by ,ubstitution with metals ,uch a,
cadmium (Springsate el ai" 1973) or beryllium (Sirover and Loeb. 1976).
Compo ~nd. whichchelate metaIcations could aIso interfere '"-;th D:"lAstructure
by remo';ng ,orne of the phosphate couDlerions, ~ad ha' been 'hown to cause
hy<lrolysi$of RNA and nucleoside tripho<phatO$(R06enthal e' al.. 1966: Farkas,
1968). Other qtoto,ic effect' of metal ion$and chelator! willhe di>cu,sed helow.

From the 'tandpo;nl of environmentally related toralogen .. i" carcinogen .... .
mutagene,is atid toxicity. the ~test hazard$ are those compound. which are.
or are metabo lically converted to, electrophilically reacti,.. 'pecie5. Such
compound, can aller DNA. RNA, protein and hp,d "';Ih dO\'ll$tatingeffects on
cellular iDlegrity and (unct ion. Alkylating agents bind covalent ly to DNA atlhe
0' or N 1of guanine. N' of adenineand to a lesserdegree N' of adenine. 0' and N'
of cytosine. and O' and 0' of thymine (Sun and Singer, 1975; Beranek el al ..
1980), Alkylation of DNA can le>uh in cbromo'ome damage . intragen;c
muta tion or intubillon of synlhesis (Brook>. 1977). DNA structure can al'M>be
affected by protein -DNA and lipid-DNA cros, -linking. In some ca.... alky·
lation "f prote in c"uk! have d irect dfecl$ on ONA structure, For example,
alkylat ion of the C)'teine·rich DNA binding pr"tdn(s) could deslabi lize spenn
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chrom .um .Dd make lho DN A SUb,«1 10 i bco.r it"'" ' I fcrt.ilizalion. RNA
. lkyl.llioo. unleu qUllOu~""''C' Or,.,,,olved in DNA ct(lSS.hnl m,. _Id h,I''C'
10MSlIJllfia.""" upoo tho 1I1l1ml~ fI~ of tho cdIl han D:-':A.lkyblJOft.

T br .II"<C1Iof DNA aUr.yl.lUOD. . ... tho CllICl1I ot m1l1lgClX:Sd. Dd a.mno­
.,enos.. <:10 '''11' ._", sprar$.1Id froro _ 10tiHuc in ........ 0fJI .......
S""", tho dilrm:DCCSdo not ... III tho double bel.,.l ilf1,lCtlltt otDNA or ..,th tho
cbrmlcall'Cl<'OOOlper •.• be ph)n>IoP:&I SllIe of tho cd! ""'" U1llum« l..hcw
procaSCf AdlplJ''C' tapO"'"' . """b II U1M>booocmclJlbolism aDdDNA ~Il',

."ilI br dtIcmKd bclow (SCCUQa. J bw. II lJMMddbr t rpl III JtUlld!hi. both
1Illluc.....~lly 01 .... 10 a.. )lalJIII ..... lL A/1IoouPItho pa' ,"", ot
bur .1t)1atioa in DNA &prod on <bespecificall)-Ialml""'t, the CX1mlot
a")1a""" dltnll!" 10D!'>A CllpOI5eClIO.'" '''' d<:8cot. cbrmic:al ...,.tI. dqlmd
on .brtber or <>011bc D NA is '1C\l' 'C'' f .... n , •. rcpIicI<ml. uamct1pt.

>QDI1Iyacti'e IDd bndF (_ -oucleoiclml l) O:" A a~ <houJlu:10 br ..-I
susccpliblo 10 .l:yblJOG (8artbolonlcw ~l ._. 1910). ....lt ylallOO if ""'"
dctnmrolJll 'I .Ues wh ich • .., cbmaJKI .1 n:pl.,."""...."luc h arc _ ~ired

pnor 10 tcplicalion (Berman ~I aI.• 1978). Wilh 5OO>C ,lt yla<ml . .... IS
prcfm:ol ial biJ>djna 10 1I1IIOtholldnai DNA bu !:no dcmo oslrl lCd. proba bly
n:fIrclIOll br ~popltilic na lll.., of IhoocaF0ts (Wundcrlic b ~I 01.• 1970; Allen . 1Id
Coo mbs. 1980; Bactor . lId WCIIU~lI\_ 1 9IO~

Al~ralJ"'" io pro tein it rucl" '" can Io.d 10 mUlJllioll, lCT1<I0J<'I'C'"i 'lid or
cylOl<>xicil)'. Such ah nal """ can br d,"odtd mto IWo c~: I...... all"ocl iol
i pecific C1\l)'mcs 'lid rcsllh lOI io lo~rrm:ncc willi. lheir fUllC1ion. aDd those
,,'11.11:11.can affCC!all prolei ns indisc rimllulloly. Wo have , ltcady mrolion«l ho...
C(fll ln ",0.. 1100.c,o ' ller lidelll y of DNA ,..plicalioo by inlorroriDs wil li.O:-lA
poly _ ra '" act ivity . Moreury . cadmIum a Dd load all hayOa .. moil affin;ly for
phosp hat es. •ulphh)'dryl and tmidozolo Jro ups of prot oins. purines. pleridil\Cl
a nd po rp hyn ... . Thus . lhoy a re cap.able of inhlbllloil C1Il)mrs. bindio ll o and
. lI'<:elinSconf orma lioo of o",,1c>cactdt and disrupl i... p.ath"-.)'S of otid.h'~

phosphof} 'lalion (Val .... . lId UI.... r. 1972), Lead "' len eres ...i lh harm lyn lbrf.1I
.nd causes li l>C10 l:>ci Ub!;lJ\U!ed for iroo. 111111ipeaDcally red"" inil harmop;.l:>on
fUllcuon II ,, ·. UliS thaI otOIl:>crhaem protr ,,,, (E. ,"F'" . 1971). Lead ioo binds 10
Slllphh)'if)1 crouPS of pro<CIIIS(V. I.... and Ulmrr. 1972). Jead''' 1 10 C1Il)1lle
,,,acl"'.lJOD and alk)1Jcad hal l:>eomsboIo'D10 ad, .......l) lIlfra mJlOthoodnal
mrmbnu>c ion "*-"'PO " aDdlIullb" olUdau>'e pIIoopbor}1uion (SI<illmr. 19n~

Cacll1\JUmCI1I d ra • ourn\>crot cellular pre: m .i <h re<\l11I01f;)1OIOJJC
cd"<C1I~ in ma oy tislucs . nd orpnI ,ocludm, <estIS. plaor ota .1Id rmb<yo
(fbc t n Q/ .. 1971). 10 additiOll 10 ilS mhibitory df_ on Z>I>C 1DC'IIIlox1lZ)"lIWS.
c:admnuu hal bcrrJ lJoo'I,... 10 ell.Cr1dtrCC<dr<cu 011 both l)"DthrIa aDd
doraradl..... of f;)"lOChtomcP"' !O C1\Z)'II>CS .1Iik .1 tho sa"", umc CllISIDJ
mluclioa \D ..,bl;tmr bmd"'l tScbodL 1980). thus <i<ercuu:lIboth <be total
a"""""t of ~1lle .1Id 'IS dl"oeu''nlIISS. Mrtewy hal brcn sho ..... 10 all"cct
membraneslIbilitY.lltf\lD bilu) 1t'ldfImcuoa..\1= 11'poisoninJ is prolII.bl)
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due to loss of 1Illtochondnai function a. a ""ult of di.ruptlon of ion transport
(Tyson and Southard. 1900).

Environmentall}' related metal to~icity i< an important ""ns ideration. Of
equa l ~oncern is the problem of lO~icily cau!oedby environmental pollutants
whIChhind metals. Carbon monoxide and chemicals Incigareue smoke Canbind
melal ion•. thereby inhibiting ...ential enzyme functions (Peterini and Petering.
1980),Allhough the lung is the primary target of,uch C)loto~ic effect<, the loss of
haem can have effects on all lissues.

Collagen ha$ receivr:<lmuch auention in r=nt yean as an impol1anl target
protein for environmentally induced luni and liver damage as wen as teratogenic
effects. Incteased ""Ilagen ,ynthe,is cau,ing lung and liver fibro' i' appears to be
relate<! to increased l<\'el, of <uperoxide. a produci of o~ldatlve metabolism
(Hussain and Bhaillaiar. 1979). Perhaps more pertinenl to reproductive
function i. tho faclthat certain environmental pollutant. and drugs can interfere
wilh secondary modifications of collagen which ar~ cTilical for geneTating its
proper physical charact~ri>lics, Hydroxylation of proline i. one such mooi ­
fication. Prolyl hyd""ylase can be inhihlted hy drugs such a, a,p irin and
thalidomid~ and by mercury salts and melhyl mercury. Zinc and nickel also
inhibit prolyl hydroxylase as do iron chelating agent<. (Aspirin may exert liS
inhibilory effect< by chelatini iron r«luired for enzyme fuoction .) L}'syl
hydroxylase and ll"'yl oxidase are also required for collagen processing and are
subJecl to a variety of inhibilory agents. All such agents which interfere with
collagen forma tion aDd function arc leratogenic (Dhatnagar cr al.. 1980).

Chemicals which affect proteins indiscriminately include amino acid ana­
log.... and reagents which react with the nucleophilicgroups of prOtClDS.peplldes
and amioo acid•. A' i' the case wilh RNA. alkylation ofprotClns. unless quile
extensiveor restricted to that macromolecule, would be of lessconsequence than
reaclions of the same alkylat ing agents with DNA . Exception, would be
chemicals which are metabolically acti"ned by microsoma l enzyme' to such
hillhly reactive species that they never reach the DNA . However, a> ",;11be
discu.!oed below. lipid probably provides a more critica l target fo' 'uch
e\eclrophilic reactanlS. Damaging effects of pro tein alk}'latirmcould result from
cross-linkini- For example. cros, -linkmg of proleins on the cell surface ""u ld
affect mcmb"'ne f1uidllY(Edid in. 19n) as well as cell ,urface recognition
functions whi<:hare implicated in fertilization (Vacquier and Moy. 1977)
d,,' elopment and differentiation (Rutter. 1980). Protein -DNA cTOS._linkingis
probably l.... cytoto"ic Ormutagen;; than DNA-DNA cross-linkini as evidenced
by the effects of lTallJ-Pt(I1) diamminedichloride which induc.es pnrnar~y

prote in-DNA cro....linking (Fornace, i980),
Membrane lipid, have bcr:n the focus of all emion for man}' researchers

interested in the toxic effects of environmental pollutants. ExtenSi\~ lipid
peroxidation leading 10aUlo.." idalion chain reactions i' inevitablycytotoxic . In
addilion. lipids can be in\'olve<!in cross-linking to DNA aDd protein with
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bifunctional alkylating agent>: lipKi peroxides, as well a. epo-.ide, formed a,
byploduc t. in lipid peroxKlati"" au too xKlation reactions. are also alkylating
agents (Hogberg, 1977: Scvanian" ai.. lnO) .

Membrane aut(H)x idation is a ",If-perpetuating cham reaction initiated by
free radical> and .... ulting in destruction of membrane integrity and function
(Svingen and AuSl. 1980). An example of .uch a reaction caused by a xenubiotic
i' "'en in the case of expo,u re to carbon tetrachloride (Reclnagel . 1%7), Thi'
compo und i' metabolized in the he r (aDdother tis,ues) 10 a carbon free radical
which ,ubse<juently generates oxygen f= radical', These in tum initiate
format ion of lipid pero xides in po lyunsaturated fan y acid, . Carbon free radical.
are al'" genorated in the oxklati~ metaboli' m of polyc)dic aromat ic b)dro ­
carbo n,. Metabolic activalion of SOme nilrogen..;onla;ning eardnogens , .ueh a'
nltrosopiperidinc. produces oxygen rad .,a l, directly (Autol " 01.. 1980). Sin<:t
o<>rmaledlular oxygcn metabo lism produces os ygen free radicab. the <:tlllla$
'," 'era l protectIve mc<hanism' which will he dl~'sed laler in thi.<f><Iper
C) 10toxic effect, d ue to free radica l production are the resull of ,.lUla tion of the
<:til" ab ility to inhibit or repair damage (Svingen aDdAu't. InO), Mosl organic
frtt radical inu:nn<:dialeSare extremel,. reacli~ aDd probab ly do 001escape the
"te of formatio n (Recknagtl eI 01.• 1977). Therefore. even ","eakteratogenic
etTect<of a compou nd .uch a. carbon tetrachloride provide iridircct evidence for
Ille abIlity of tile embryo to Midat ively metabolize 'uch xenobiotic' (Harbison.
1978), Cytoto xicity due to membrane oxidat ion is probab ly a result of a
comblnalio n of nc nts including los' of mitochoridrial funclion. relea'" of
l%QSomal enzymes arid disruption of nuclear rncmbnme funclion resulting in
inhibItion of replication (Autor., 01.. 1980: Sv'ingen and Au. t. 198O).

2.2 FlIJJ<:Iioo.1Altera tions

[n general. the chemical' in lhis calegory act a. ant imetabolite' ,>r cellular
poison ,. In la rge parI. lhe agents 10 be di>cussed are natura l prod"",.. of
microorganISm,. II 'hould not be inferred lhat Ihi' " the only cia.. of chemicals
which acl by lhese mechanisms. Rather. these agents ha. ·e been studied
exten, i"ely because of lheir potent ial value a, lools for lhe elucidation of
mechanism' by which maclOmolecu'a normally functio n. Thus . lhe obje<:t"..
here is 10 po,nt out in general w. ). how a chemical agentean cau", cell injury by
disrupli ng metabol i,m, With thi' Information in mind. il miiht subse<juently be
ca'ier 10 delerm ine the mechan ism' by which other 'enob iotic chemicals acl.

In ", mecase, . the action of an .nt,metabo lite seem. 10 be at • ,ingle Ie.'el: it is
thu' rdati." ly easy to dedllCeiI' pnma r)' target, A,. n e""mple. aphidi<X>lin. a
Iclnlq " lic diterpenoid produced by Crphalosporiurn aphidieola. $<CmSto act
,pecifically at the level of DNA replication b}' inhibitin8 DNA poll'meras<
act ivit)".and in particu lar ON A ploymerasc ~ (Kornberg . 198O), Among ,pecifie
inhibitors of RNA ,ynlhtsi s. ~-aman il ; n . a bicyc\ic polypeptide mu,hroom
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loxin, interferes wilb RNA polymerase II (Ihe enzyme responsible for messenger
RNA bl os~'1lthesi~) at loweo DCtn tNl.t ion~ and RNA polymera>eIII {the enzyme
involved in transfer and 5S RNA prod"" tion) at much bigher concenlra tions
(b ndell" a'-.197Q,Weinmann and Roeder, 1974), Becau>eprotein synthesis is a
oomplc, .wm involving many macromolecular factorl. there a", .e veral le"els al
which inhibitorl can specifically interrupl the producti on of proteins (• .g.
binding of m.... nger RNA or lransf er RNA. inilia tion. elongat ion or termi.
Dation of the protein). (For a console ratoon of $Ollie specific prot.in ,y nthesis
inhibitors .... Riner. 1977.)Tun icamycin, an am;ooglyco,id . antibiolic, appears
to acl primarily at lhe level of inhibition of prOlein g1)=" ylation (Tahls uki n
01., 1971; Tkacz and lllmpen . 1975), Thrs etreel can, in unknown ways, cau..
death of rapidl y prohfhal,ng c. lls (Okl. n e/ a'-, 1979), including tho.. of .arly
. mb ryo, (At i.nza·Samols el 01., 1990j, Finally. other chemicals s"" h .. digitalis
and ouaba in Cllne""rt lherr ad",,~ effects al the level of plasma membrane
transpon . by inhibiling Na ·. K · ·ATPa.. aCli,'ily (Schultz and Zalusky. 19M :
Skou, 1%5),

Unli};e lite an timetabo lite' described above. Olber agents can interfere "'i th
norma l cell function at .. ' .. ral levels. making it difficult to d"em"ne the aclivity
"hlCh ISpnman ly re$ponsible for cell injury, For .xample ... veral nucleolide
analogu.s (e." 6-mercaplopu rine, 8-azaguanine and 6-azaurid ine) int.rf.re ,",'ilh
nudeotide bio,ynthesis by compet iti' .. inhibition and Can Ihus interrupt both
RNA and DNA production (Kornberg. 1990). Ol ber ch<mica lScao affecl quile
different cellular proces.. s: for example. Mia:ro·5-o:to-t·norleuci ne, a gluta­
mine analogu e produced by S/,ep,omycn. Clln inhibil nucleic acid synthesi,
(Lang. o, 1975) as " ..ll as prolem g1ycosylationand g1ycosaminoglycan forma.
lion (f el.e r CIaI" 1965), ' ioce glutamine .. rw s a. a prtturso r of purine syot""' rs
and, in cena in protein,. a , an acceptor residue for oligosaccharid. sid. cham' ,
Enzyme cofaclor ana logues can al$O ha' .. "id.,pread effects: for example.
methotrexate . aminopl erin and other inhibllot$ of folate {dihydrofolate) re­
ductasecan lead to reduced availability of purine nuc\e(llid.. , th)'IIlidylic acid and
metbion, ne. tbereb}' atrecling DNA , RNA and prOleinsynthesis (Calabr. si and
Parh. 1980), The nicolinamid. analogue . 6....m,nonicotinamid •. can be ,n_
corporated to fonn noo-fuDClionalNAD-l i};eand NADP·like cofactors. wilh
pro found adver .. effeel' upon glycol;-~is, mpi ralion, .lectron tran'port and
ulKkmbledly "tber enzyme S)'$tCffi' requiring these cofactot$ (R'Uer, 1977).

Th<dillinetion helweeo chemicals tbat aCIby altering IImeture and those that
function in ol her wa}'s becomes particularly clouded when one coosid.t$ lha t
",me amimetabohles can bave both proper ties, As an example. Btd U cao
competitively inbibit ribooucleolide reductase activit}, (Meuth and Green. 1974)
but can als<>be incorporated into DNA where it can . tbrough structural
all.ra tion of the genel ic material, int.rf.re witb expression of >elected genes
(Rutter eI 01.. 1973)

10 the abo"e dis<:ussion. we ha,.. considered howchemicals adve~ly influ. nce
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~Il rnc:....bolilm al lill glo or muillple .,les. Some OFlhese agem, exert lheir efrocu
on virtually all cell lypes ,, 'heru ! olheri, pllrt ic:ularly lhost whicb acI upon DN A
synthes is. are mos l disrup live of rapidly pro liFeral ing ~III , Cell, of lhe
rep rodUC1i\'es). tem would likely he sulICeplible to virtually all of lhe abo ' "e
agenu, al Ieasl during limes of rap;<!di'ision ,Ot her chemicalll migbl be largeled
more specIfically 10 reprod ucli~ cells bc:<oauseof lhe nature and function of lhe
Ialter . fo r eu mple, germ ~11s and embryonic: cells mighl be espr:cially sen.il ive
10 agents wbic:bcause imba lance of gonada l ho rmones .wbich promolO growtb of
particular ~lls lypes al , he expense of olheri , or " 'bich interFere " 'ilh cellular
""",gnihon and in lu "ction . It is presently di fficult 10 distinguish be1"~n

primary and secondary lites of acIion of agen ts openning in 'hese "")' because
se"eral difforcOlcelll ypes might he In\'ol\' ed' a, one of many eu mples, it is no t
al""),, dear whi:lher chem;cals which inhi bi l IIIIplanla lion do ." by directly
allen ni ,he sta,e of malerna l cells, embryonic cells or bolh. Our limila,ion. in
underslandm g how such agenu ae, adve lWly upon germ cells and embryonic
.x lls a re furthe r reslricl ed by our uncer tainly of lhe molecula r me<hanisms
invol"ed in lhe d",'e lopmem and dilJorcntiati on of luch cells

3 ASSFSS :\I£ l'oT OF CELl l1'o"JlJ RY AI"D EFFECT S O N
R£ PR ODUcr l vE FUNCT ION

IleFore assessing cdl injury al lhe mo lecular le"et one mu, t use claMical
le<:hniques of palho logy to delermine lar ge' liMUes,largel cells " ; Ih in the lissue.
and ta rget organelles within the ~11. Gi"en a SilSpec,ed targe" broc!tem;cal and
analytical chemist ry techniq ues may lhen he us.ed, For eumple. to assess
particular fUllC1ionsor enz)'me aeti" it ;"", to measure lhe products of lipid aulo­
oxi""lion, or 10 determlJ>C,,'helher or nol a chenuca l has oound covalently 10
cellular macromo lecules. Correla'ion of lhe resul15 of lllCh studi es " ; Ih the
underlylni me<banisrn(l) or C}~oto~icilY of a given compound is ~neraUy

difficult . If not ImpossIble. si""" as men lioned 000--. , multiple .!feelS a... often
leen and are proba bly contn bu ling Factors . In most instaIlces " 'e mUSI l>ecomem
to use i'OM evalua lion of cell and large' lissue damage a. criteria ,, 'ben IICrecnini
fo r dellmlCn ....1chemicals.. On lhe olher hand, chemical aclion al lhe DNA Ie"el
can be assessed easily a nd roulinely by direcl molecu lar analyses or by
mu, a&enes is 'eSling. Since compou nd. which alter DNA slrllClure or function
can e~.. 1 a ncga li", inftue""" upon all phases of reproduclion by caus ini cdl
dealh or induci ni mUluiolll, rouline analyses of DNA al a potenlial targel For
chem;cally induced "" magi:'an warranted.

In addil ion 10 measuring di recl co'''lent bind inllof chemical' to DNA. roullne
screening procedUl"eSFor DNA damage include :
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(I) measurement of DNA rcpa lf as indi<ated by un.d>c<lule<lDNA synth'$ 'S

(Clea'': f. 1915).
(2) measuremenl of alka b labile .iles (apurini<: or apyrimidin i< siles).

DNA -DNA. DNA-RNA or DNA- prou in crosr linking. al'ld .. nile · or
double~lrand ~aks in DNA by allal i"" ~Iulion unMr ,"r y'ini COn<!il1o!1$
(Kohn. 1979);

(3) in "lIroor in "j...,mutagenesis (point mutalions. chrOtnOSOm<abcmu ions.or
sislC' chromalid ~xchange (p~t1'}. 1980) in mod~l s)~ums:

(4) a$SaY' for heritable muta!!"DeS;s in a mammal. il'ldi<:alinggerm cell
s= plibihlj 10 lhe chemical (mammaban specific locus lesl. Ru.... ll. 195 I
and herilabl~ translocalion test . Leonard. 19(3) . and

(5) as.. Y' for ill u,~,o sen'; tivity to DNA damagin g ag~nlS by si'ler chromalid
~xchan!!". cllromosome aberralions or induced pornl mulallons
(mammalian .pot test, Fahrig. 1975and Ru.... lI. 1978).

Since ""bole mammal testing iscxpensi,,~ and lime consummg. much inform.t ion
Can be pi """ by Mt~rm;n,ni ·

(I) 1M co'''ltnt interaclion of a chemICal""th lhe DNA of a model sySl~m.
(2) muta!!"nic ~lfee's ,n 'hal moo~l .),,"m.
13) ,he amount of chemical actually found bound to ta rgel tissue D:-IA . and

finally
(4) .orrtlauon of ,I><do,," of cl><mocal<bound '0 the largel liS$u~ '" Ith lhe:do><

mju ir«! for a mutagenic~.... in the model'Y'ICm (Leo. 1976).

Thi. IaIl~r melhod of obtain ini a quantilal;' .. e"amation of lhe mUlagenlC
potem ial of a "'nob ioli< is a valuab le 1001 pro"id ed that lhe compoul'ld in
queslion or its m~labolite binds co"alently 10 DNA and provided lha t lhe sa"",
""'tabolic inlOrmedial~;' proouced in ,I><,a'B"t liS!u~ as in ,I><model syslOm

C)10g""<l1Cor "Sl~r chromat id ~xchan# (SCE) analyses can beu~ 10aSSC$S
,hecffeelSupon malt or fcmaIt germ cellsas w~l Ias embryoS of pa,..,n' alupo,u re
to agenlSwhich ha, .. lhe poICntial'o damage DNA, Cytogeneti<e""mi nalion of
tl><pronuclei in fertililed ~ggs before cle""", will indicale "'he lher prior DNA
da ma!!" had ooourred in lhe g~rm cell. (ere"""" n 01.. 1975; e", ,,,.. n and Payne.
1976). S'mi lar ana lyvs can be carried oul on ~mbr)'OS folloWing eXpo$uKellhe
motne,-10 tl><lcst chemical. Finally.comparison oflhe lat l~r analyses wilh 'ho,,"
of embryos exposed to the chemical in YilrO ,,'ill indicau lhe role. if any. of tbe
mother in acti"al ion and ' ran. porl of the po'e ntially loxi< agem (Allen eI ~I"

1981).
SCE IlOOiescan hecarried oul in ';"0. follo""ing in >'litOor in >'iyoexposuK 10

a tCS' sub$lance. by incubating cells or embryos in the presence of Brd U. After a
period of lime appropriat~ 10 achi~.... incorporalion of lbe baSt:analoguc into
DNA during IWofou nd. of replical ion (24 .lOhouB). Colcemid is added aOO
mitol ., figum are sta,ned wilh Hoed ,. t 33258and lhe preparat ions .,posed to
u.v, light (Gallo" 'ay n al.. 1980), The f'C'SUllant'harle<juin chromosomes' are
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s<:ortrl fo r SC E. /n ,i""' lud lCSoan be ~rfom'l<d by exposi ng rnodg<:,la ' ion
rod""l fomab [0 the ,es, che"""al " mnltanw u.ly wl lb rnlra .",nOLl<Inf"Slon of
BrdU (Kra rn ~I 01.. 1979), impla ntation with a 8rdU lablet (Allen el 01.. \98 1), or
sifttllar l<Chniq..... Such melbodologies arc ,ti ll in the cxJX'11tnental Slap but "ill
undou btedly prov ide ad' 'antages O'''''!be more classicalle<:hniques presenlly in
usc. For eu mple, measurements of rctol wa' tage al ll1ldgestalion as a =ult of
chro mO$omt damage d "" (0 chemical . xpos u,"" of either p' r<nl (mammal ;an
dom inant letha l as say. Gcnor O$O.19(9) is "tr y cxpen ,i H. l im. con' uming and
;nsen.";,,,, . An in '/ 11'1)dommant Ielha l assay , in which preimpla nta\ion and
per i.implanta'ion embryos are l<:reencd for T>Ormalmorpbol~1 dc~lopmtm

(Gold5le in n 01.• 1978; BUrk , aDd Sherida n. 1978; Ped•....,,, and Goldstein.
1979). is perhaps Ie.. lim. cons uming and c"Slly. HOI ,·". direct C)'togeD<'1ic
anal}1i. woold gi~ a far more direc' .nd """"",Ie m.nt of c1"' ogenic
effects on DNA (Brev.-en n aI., (975), SCE occurs by mechanism ••• )-e'
unknown but oorrela, .. ",,,11","h mut'l;<:nic tff""ts of chemic.ls (Perry, 1980). I'
is a "ery """iI i,,,, replOducible . nd inexpen, ive proced ure capable of det"",ing
van OuSclasses of mutag. ns. H,gher ord er gene'ie $C.... n'ng (• .g mouse specific
locu' l<St) i. beyon d ,he "'ope of 'his pape< bUI is the only m<lhod no",
a'1lilable for d<tefl1lininJ whetll<r or no, a d .,m ical .. capa ble of caUSing
heritable gene muta tioll5 ('poinl muta,ions) in a mamlJllll.

Cau lion muSl be . xen:ised befo re one .. Ira polal .. 10 humans the detrimental
elf"",.on reproductive funchon (o r lack there.,!) of 11-xcn.,hiohc d ., mical in an
a nimal m<>d.1system. For example, studi"" of the oxida'iv -e metabolism of
xcnoblo tics ,n vano u, mammals hav" shown ,ha l chem.,als can be metaboliud
diff.rently .v .n in e!<>sely r. Ia,e<! ,peci.. : for '1ISIan<:< . couma rin ClIn be
hydroxyla te<!a, the 3, 4. S.6. 7. a nd g positIOns. Li' " r microsomal en>:ym<Sin ,he
mouse are capabl e of produciDll 3--.S·, 6-. 7-, and 8-DH coumarin. whereas ,h.
"'I produces only 3·. 6- and S-DH coumarin . and in human Ii,'. r micr<>s<>mes
only 7-hydro xylatinll act iv'i,}' is d. tec'able (Wud l and WO<>d.In prepa"'tion).
Such d ifferer>«s in metabolism of a &lven compound could lead to differences in
chemical rne ti,';ty and thus '0differences in bioloJicaI activily. Therefore .
compa ","'" metabolism Slud... should beconside~ as pan of any banery of
bioIoJicaI''''''' .

1 2 Biological Eff..,ts OIlEmb<j o

Access ibili,y and sellSi,ivi,}' are cri'ical faetors in8uencing ,he suscep,ibili,y of
embl'}'os to chemica l dam al;<:. Both of ,he.. factors ca n diff.r amo ng spec;" and
a t di lf.rent Slages of embryogenesi• . This is no, surprisin g .in<:<paramel.rs such
as duralion of .mbl'}'OS<"""is and 'ype of placentation cao "u y dnlma'ieally.
Also. embry.,nic structure changes profoun dly during ges'ation .
~bn)' princi pll::i ~tab lishtt,\ m teratOlogical studies are also pert inenl '0

reproduclive toxicology, It is usuall y the case that achemical which i' tera,ogenk
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"",hin a gi~nI CQl'lCt1\tnhonrange:IScmb!) 'otoxoc at ~ater d<><es(= WIlson,
1977), Some chemicals. bo" 'e>'l:r, can be embryol<>xic wilhout sho,,';ng an
imermediale dosa~ ran~ in which lhey areteratoge:nic, Usually. such chemical.
(c.g. inhibilOTSof prOlCJn synthesIS and oemin intubllO," of nuclttic acid
l)'1It"'"-is, (Chauhe ond Murphy, 1968)) inlerrupt p.......... which are ;n­
dispcnsible and crilnl fOT8crrra~lCd cell inl.gmy (Wilson, 1977). Of coul"sc.in
OTdOTfor a chemnl to he rccognizabltt as an embryotoxic agenl of this SOf!. lhe
co"""ptus must be , ip ificanlly mo", $OMiti''l:l<>il lhan is the mOther.

It II well Cltablished lhat embryos are mosl susceptible to teralo~n",

chcmnls during organo8n1ni$ and hiSlogcncsi5. Probably for thil ""SOn as
much as for any mher. in>'cstigators ha"e lnlded to ignore the pre- and peri.
implantation embryo in studies with ""nobiotic chemnls (",tb the exoeption of
e.perimnltation aImed at lhe dc''l:loprnnlt of cnntraocpli,'l:5). h would appear
from the relali ....ly few slUdin thai have been done (e.8- Ada1ttS. , 01.. 1961) lha t
polenlial teratogens administered prior to orgaoogcnnileither kill the embryo
or arc witbout effect. Botb a=ibi~IY and .. Miti>;ty are ~kely to he ;nvol>'edin
thil all-or·none silualion. There are two .. asons why poI.nll ally hannful
chemicals mighl fail 10 reach ll>:ir targets in tl>:carl}' ernb!)" . First. tl>:pla,rna
membrane of II>:carl)' preimplao talion embryo has not developed some of II>:
sophistiC'alcd tran.pon functions charactenstic of mcmbral>C5from IatOTem·
bryonic and adult oells (•. &. Borland and Ta""a. 1974. 1975): lhus harmful
cl>:rnical5whicb are not able to penetrate ",,11membranes by pa",i>c means are
less~ k<ly 10 he d.. rimentalto the emb!)'o at tbncearly .... gcs than subscqunltly.
Also, prio r to impla ntation, chemicals can only rea<h the embryo >'ia lI""i tal tract
Ouid,. Although thi. mighl in some ca... ba"e a proteclive effect upon the
embryo, lhere is evidence lhal mitomycin C. a pole nl mulagen which i$
teratogen ic and or emb!)"IO.tic during orplIOl!encsis (Shepard. 1973). can
induce $i.ter chromalid .. dlanges in pre- .. w~lI .. poslimplamalion embryos
(Wudl and Roy, unpubhshcd) .

During pretmplanlat ion and peri-implanta tion stages. the mammalian embryo
undergoes importan, d...·. lop rncntal and melabolio changes. Altboullh such
a ltcra l;otlSatc O\-cnly Ic5sobvious than lbose occurring during organogenesis.
ll>:y cou ld ha ,.. profound effecls upon sensili>'il)' l<>chemical agC'ftts. For
.xample . following fenili ....lion . rales of biosynthcuc proccnes in mammalian
.mbryos are .1"""and. al leaS! in rodent embryos , mucb of the informalional
RNA and prolein $)lIthcsil:ing .pparatlfS is preformed (= Sherman and
$ch mdlcr , in p.... ). Thu, ,he very early .mb,)'o appear< to he fCl.!ivoly
refractory 10 inhibitors of RNA and protein ,ynlbcs;$ . On the other band,
inhibi tors of DNA s)1I1hcsis and all"nl.'l ,,·hich interrupt cell di, -islon a..
gencrally hannful (sec Shcnnan, 1979). Also, inlCnncdiary metabolism is
primili .... in . arly embryonic cells and d.... lopm. nl of cleavmg .mbryos i5.as ily
blocked by deprivation of. OTinlCrf.. en"" "'lb lbe usc of. ~mial metabolilCl
( lhue'" and Slu n , 1973)
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As the ~mbryo progmst'S through the morula and bla51"Cl1t s'ag ... .
biOS}ll1het;"ra,es and rates of <:elldivision increase drama'ically . Tht1<:are al'o
notable chang<$in membrane fun::tion and cell interact ion (Shenna n. 1979), In
'i""studies suggest that at tltis time the embryo b..:OTtl<'<unusually sen';tiv~ to a
...·ide amlY of antime'aboli .... . ilX:luding those which affect DNA. RNA and
protein synthe,is as well as cytoskeletal structure and prot~in g!yco,ylation
(Shennan. 1979).

It is duri ng the pen·implanLatlon stages (late blastnc~'t to ~arly ~gg'<:ylinder)

'ha' \"ari o\l$ cell types in the .mbr yo become di51inguishablc, As embryo~ is
proceed,. cellsbecome dilf.ren'iall pusetp,ible '0 c hem>cal dama~. Cells bich
ha" e undergone differentlati, .. changes are usually more "",iSlant to geneno.hed
chemical insult than cells",'hichare undIfferentiated or especially tbose ...·hich a re
undergoingcri,ical transfon'<l3tionsm the process of dilferent;ation (Atienza and
Shennan. 1975; Rowinski n al.. 19(5). Thi. principleof dlfferen'ial senSItivityof
cells to perturbat ion as the embryo d.... lops appea l1 to pe"";" throu ghout
orgonog. nesis and help, to explain the common obsen1lt i"" that ,eratoFlIS
wluch disrupt critical metabo lic proc...... can affect a parhcular tissue on one
day of ""tation but ha ,.. a completel}'diffe,..,ntta rgtt ,,-henadministered one or
"" 0 day. ear lier or later (Wilson. 19(7). The different end ......ult of uposure of
peri"mplantat,on .. later embryoot o harmful chemicals. i.e. embryolethali,y os
terato genicity. ISprobably due to the combina'ion of .mall~r cell numbers and
Io...·. r cell di' .. rsity prior to. a. opp<><edt" durin g. organogen esis (see section
' ).

Finally.someconsideration should be gi'..n to implantati on and placentation .
It appears that with implantallon the conttptu s booomes more intimately
inyol,-.d with the mat.rnal organi,m and more su~tlble to maternal
imbala ........ particularly hormonal ones. P<:rhaps one of the most . tril ing
111ustrationsin support of 'hi s view is the observation ;n rodents tha' disruption
of oyarian st.roid honnone production prior to implantation p",venlS embryos
from implanting but does not .... ult io .mbryo mortality. at leas' rOI "" .... ral
day. : on the o'her haod . such int.rference ...,tIthormona lle, ..l, during or afier
implantation .... ults in prompt abortion or r<$Orption(see Shtnnan and Wudl.
1976). Since thtre i. no convincing eYidenc. thai maternal storoid hormo"", act
direClly upon implanting and earl y postimplanLation rodont embl)'Ol (Sherman
and WadI. 1916). ,he inference i, that d isruptive chemical' can ha .... ad' ......
elfects upon embryogenesis inJi" Clly by altering the uterine milieu,

It is now apparent ,ha t the placenta is not SOe/foctiw a clJemical barrier ... it
was on~ t""ught '0 be (Wilson. 1977). Ho.....' .. r. hocause of its $IfU<'turaland
Tf1CtaOOlicpropert ies. the placenta uodoubtod ly Inlluences the rate at which. and
the de~ to which. chemicals "'ach the fetus. Furthennorc. the placental
membranes per :Ie might serve a, specific targetS ror SOme Chemical' cau,inll
cmbryo,o ,icit y (e.g. l loyd n al.. 196&) or they might ron, .. n "'''''biotic
chemical. to reacti, .. spec ;'" (e.g. JacMU. 1971; Petko"",, . ' al.• 1971).
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Therefore. in tbe a"""",me ot of mechanisms by which cbemicals migbl cause
embryotoxicily. tM possible role of 1M placenta eilher ... tbe agenl for
lransm ission or prooUCIionof lilt delelerious agen t.or as IISdirect target. sllou Id
nol be iiJIorcd ,

In v1eW' of tbe abo,., d iOC\lssion.il is clear lhal atlem p" to elucidate
medIBnisms by which chemicals cause Injury 10 cmbryos at tbe cdlular or
organismalle '-el sbould include ' Iudio>U .. 'eral de' elopme nta l ,tages: prior 10
implantal ion. during organ ogenesis aDd short ly before parturition. It is also
worth notin g again thai objecti\lt:llin selling up "'ii mens for .. rttnmg chemICals
for embr yoloxicity are nol a lways tbe same as 'ho s<conet rned with mecha n"m.
In >Crtt ning for harmful clltmica., in tiro studIOSplay . major role: It IShkely
lha l tbe primary '-alue of in WITD ')'Sle1nS. e,-cn "" tbey conlinue to become
increasingly effecli' " aDd informative throup improved lechno logy. w';l1be lhat
of preliminary or supplemental 1.. ling. On tbe other hand. in 'i'''' 'ystem, are
ofIcn more amenable Iban in .i,o .. 00;"10 In,'esligations of tbe mechanism' of
acllon of toxic cbemicals in lbe embryo. Some advan lages are:

(l) tbe relative ease of dele .mi ning dose- response relationsh ips since embryos
can be treated indi"idually or in groups of equal size. tbus ebminahng
,.. riables such a, malernal differe ncc-sand differencc-sin liner 'ize:

(2) Con\'enitnet and economy in labelling or prelabellin g cultured embryos or
embryo ni(: cells with radioaclill<'macromoJe,:ular precursors. enzyme 'u b·
stral('Sor lbe tost ebemi.eals~T ....

{3J reduced problems of ao::estibilily "f the ebemicalto tbe embryo: arid
(4) ,be ab Ility to morutor embryos continu"usly for their b<<><:bemicaland

morpbological responses 10 toxic ebernieals,

Historically. hmitation. in marnmahan <:mbryocullUTetechniques precluded in
"'TO toxicity .. udio>, Howe' e, . in recent >ears roden t embryo culture procedures
ha'e improved drama tically with respect to 6delity arid co nsistency of de, .. lop­
menl. For example , ,t is now possIble 10 fertiliu em in WITO (Bed.ford,1971). to
achie'e development from cleavage stages to peri.impla nta llOO stages and
beyond (Hsu. 1918)a rid ' hrough severa lphases "f organogenesis (Ne w. 1978).a ll
at ralC<and frequenc ... approacbing t~ in W",. Recr:nt rtfinc.-nena 10existing
in ,i'TO technlq uos, sn<:h as the use of uterine monola)'ers for studying
implantati" n (Sherma n. 1919). the eoup~ng of a microsoma l act ivation system
...;,h whole embryo culture (Fan tel .., al.. 1979: K, tchln 't't al.. t98t) arid the
culturin g of embf)'os in tbe serum "r animals expoKd to potentially toxi<:
ebemica ls (Sadler. 1980) to some exlent reintr oduce maternal effect. Into the
'ys tem. In 'i...,anal)""," d"_ ho...erer. ha"e some ,.. lue ,n studIOSon mechanisms
of action oftoxi(: chemnlsand they sh"uld be used asappropria 'e adjuncts ,,, in
'ilra in\'esligatioos. In *." experimentati" n is par ticularly Importan t f" r
determina tion "r tilt eff""ts"r chemi(:als "n p~nIaI struc'ure and fuocti""
since salisfactory;" '·ilTOs)~'ems ...'ith this complex tis,ue an: hm,ted.
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Snrral para""' lers can be monllor.d to asses, toxic effect, upon .mbryos at

""riou. d.v.lopmen tal atageS, C.II dealh can be monItOred directly by gross
.xamination and by hi'tOlogical analy.is. It isdilf,;;ultto quanlitale ~11 deal h by
lbose techniqu.. ; """h quantitali'" <S1;mal<$might not be: _mary .,hen
llCl«T\ing chemical, for lox;cily bul mighl be more important in . Iud... of
mechani.m" Snow (1976) ha' delermlned Ii.. "" and ~II '·olum.. as ",,11as cell
numbe,.. of lhe germ lay"" of mouIC egg-(O)'linder.tage embry01. This
koo.dedge makes it possible to eslimal. cell number w"'n lis.ue Or embl)'o
volume is known (Soo" and Tam. 1979). II is not yel rlear whether lhis
relalioll5hip can he reliably eXlrapolaled 10 ollorr atageSof embryoge.....m.

In lieu of cen number. 00< ean a...... ell"eclSof .... m.. al' upon .mbl)·onic
inl.grity by "",a.uring macromolecular conl.nt or lhe n.1 rat.. at which
macromolecules are aynlhesized in the p......... VJlhe abse...e oflhe perturbanl
In Ihi. regard. DNA rneaauremenlS are probably' most closely rated 10 cell
number. W,lh new analyl .. al mlCroteChn"!ue, (e,g. Boer. 1975) il is possible to
measure DNA conu:nts of ind" 'idual roden' embryos during late stag.. of
organogenesis (e.g.. Kill;hin ",,/.. 1981). PrOlein microOLlOrtSOrnceanalysis i.
also possible u.inj; 'lor ftuorno::amine ",a~nl (Bohlen erol.. 1973). wilh
appropriate m;croftuorometry equIpment. prolein conlents of indi\'idual mouse
.mbrY01can he d.termined al.arl) poslimplantalion .lageS (Sellens" 01.• 1981).

Measurements of rates of macromolecular .ynlhesi, u,ing radioacli"e pre­
CUr$OrsCan serVe as anolber useful indicalor of cellular integrily in cultured
embry01. Sucb measurem.n" mighl be complicated by alteralions in en­
dogenoua pool size. a parameler whi.h is difficull 10 cor=1 for On a rou,i,.,
ba,i •. Another polentially serious 6milation . especiall) for in \'/'0 ' tudi.. or
cultu", rxperiments im'olvinj; embry'osof relati".ly large aize. is a=,b ibty 10
labelled precursor, N""rtheless. useful rom parali,·. data miglll be obtained.
particularly al very early stag.. of dc\'dopmenl when" 1$ nOI po.. ible to
routi,.,ly measure absolute nucleic acid or protein .onlen t, "'ithoul poobng
embryos. O'lorr .riteria lhal can he used to measure IIIetfect' of .hemorals upon
embryos de' .. lol"ng in l'i/r(, are ox)'gen <onsump'~n (Sltcpo.rdeI "I., 1970).ral.
of glucose metabolism and 1e....1s of se...."'l .tlZymes (e.g. Tanimu", and
Sbepard. 1970: Sanyal. 19W).

Finally. in teSling .hemicals ,,'bich mighl exert llorir detrimental effects
Ihrough DNA dama~ or mUlagenesis. techniques for measuring SCE are
particularly useful. Procedures ha\'. been developed for lhe deteclion of SCE
"hich .hould be applnble 10 .mbry 'os in culture at virlually all stages of
d""lopmenl (e.g. Gallo"'ay ~/ a/ .. 1980; Wudl and Roy, unpublis hoodobser­
"al iom), Similar analyses can also be:carried oul on midgeslation rodent
embryos developIng in .'il'() (Kram ~I tll .. 1979; Allen tI al.. 1981),

A. menlioned above, pall.ftI!I of embl')"Og.nesis.an ""y dramatICally from
on. mammal 10 the "" 'I. This is of.oN:ern in the cbo;ce ofappropnalr in "l'()

animal modek for Ille sere<mng of potentially 10'ic ,hemicali . For in \-;/'0
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"u dies on thoemcchanisrns by ,,'hich harmful chemicals exert their ad,,,.,..
. ll"ects.the choice of animal model is prim;)rily restriet ro to rod.nts at this time ,
Howe",.. this sllou kl not be:a great disad ',lnla gc: it islikely that a knowlod"" of
the W")'$ in ,,'JUch toxic chem;"als inter f. .. at the molecular and ceUular Ie'''l'
...ith rodcnt embl')'OS,,'ill prov ide pert illCTltinformation ", gardi ng effects upon
tbe: huma n (TIlbl'}'o.

J.J Biologkal ElI"Kt s "" Germ Cells

Assessment of detrimental effects of chemical. on both the mal. and female
",producti'" systems "ill be:discU>SOd;n detail in other paper s (Mann; Kerr and
de Kretscr; Ma tti son and Ross. this volume) . In ad dition to aSStS,ing ' he
phYSIological states of reprodllC1i~ tissues . direct ob,en-" tions of male and
female germ cells, and. in some ca.... biocl>emic.alanalysa. can be:informati •..,.
G ross .. 'aluation of 1.... of reproduct;," fu~tlOn (s" riuty) is thr: mOSto!»;oU$
Slarting poin t for assessment of injul')" to male and female germ cens . For
example. •perm func,io n can be:studied by in , ';1r0 fertilization (Bedford. 1971),
Sperm count . morphology and motili, y ha'" long been used as methods fnr
determining the cause of sterility. At the mo~ular 1e,,,,1.ONA is the ta'll"t
macrom olecule most a=<sible to analysis. by mea,uring direct cO"alent binding
of foreign chem;"al>. struc tura l alteral io",. DNA ", pair . or mUlation .

Ooc yte damai\CCan be assessed direct ly b}· the OOC)1edeplelion a.... }'of Felton
and co · " 'orke.. (Do bson n o/.. 1978; Felton no/ .. 1978). An..,. ""ating
immature female mice "'ith a test compound. o' ·ane. are liud and thin sectioned .
Selccted """ti ons are >!ained a nd ooc )'tes counted, This .ossa)' ha>been . hown to
be: qun e ""nsit i"e for detecting r<producli' " damai\C cawed b)' exposure to

polycycl ICaromatic bydroc arbons or to radiation .

4 ADA PTIVE RESPO)l;SES TO CELL INJ URY

To 'hIS po, nt "" ha"e coMidered waY" in " 'bicb reproducti'" proce>Se>can be
disrupt ed by expos u", of lhe individu.al to delrimen tal chemical s. The exten t to
" 'bich the various oompon(1l1$of the reproductlv(CS)~lCm ha.'e beeDaffected can
be:assessed by a ,'ariety of in ;'joo and in l'Uro t"l$. as described abo, .. and in
Dther presenlalions. How~'''r. it is often the CaS<:tlta' by the USCof <\lOhtes"
a Imed <poo,ficallyat detectiog toxic effects "e are looking at IN "" I ffs u/r of tbe
res-pon.. to thr: chemica l insul, . Thai is. one;s obscr"ln g' he d,lfet<noe be:twoon
the damageoa~sed and the abIlity of cells. tissu"" aDd or organ' to respond to the
damage a nd to repair it . ThU$.al one e"",me the cell>under >ludy might be able
to respond to a chemical challenge ... rapidl) ' and effeclively ,hat b} roul;,,"
",=nin g it is nol possible to d«~rminc ..-....rber adaptation had occurred nr
"'hethr:r the hannfu l chem,,",1 had in faCIfaikd to reach lhe ~ells und~r stud y, At
the othe r ~xtrcm• . ' .•posureto Ih~ chemical might be at such an o,"erv'helm ing
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dosag< that allcmpl. al tepa" are Intlfeclu aL Accordingl y. chara<"l.rization of
adapl"'e and repair processes requi ..... ,udi .. aimed specifically II d.'ection of
lhese phenomena ; consid.ration mu.t be:given 10 lbe usc of appropria te dosages
of lbe pol.nllall y harmful cbemocal in 'uch in'~tigatio",.

W. ha,'. maintaIned lhat ,n ord.r 10cl"",date: me<:hanismsb) 'w'hich chemicals
int. rfere WIth reproducl ive pro<:....... il is n""""""ry \0 . ... mint lhe problem at
molecular .cellular and lissu. 1e,,,I•. A similar SItuation applies to the re. ponselo
cbemical inteference ; lbe reproduc liv. 'YSlem can ncapc KnOUSor permanenl
darnag< if thc ad"".... elfcct can be:neutralized al tho<molecular Ie'''l or if cell.
wh;,;h remaIn "iable afttf tlot chemal Itl<ull can be: recruiled in adequa te
number . 10 replace lhose thaI a re los !.

" .1 .\ lolecull r COO.id..... ,ion.
" ,1.1 D.vA Repair

All hough DNA ,...pair mtehani sms ha, .. been 'tudied mosl . xlen, i, .. ly in
prohr yol;'; cell,. more recenl Sludies ha"e .hown thaI cuhryotic cell. ha, .. lhe
capabilit), to repair D NA damage by bolh cxci'ion rtpair (Cleav. r . 1975) and
poSireplicatio n repair (Lehma n. 1972) mechanisms. The Iall . r mccbanism has
been collc<l·. rro r ·pron. repaIr and i' lhoughllo eonlnbulC significontly to lhe
mUlagenic effects of radialion and chemical•. Allhough inducible repair , yslems
exisl m baclona . ther<: i, limilffl e"o<Ie= lhal .""h a 'y.,em .xisu in higher
organ ISm' (Samson and Schwartz. 19SOJ. In the mou" and human excision
repair . as measured by unscheduled DNA syntbesis (sec >Celion.... j. occu rs in
spermatogonial ct lls aDd .arl)' spermalid, bUl not m later stages of maturation
(Cband le)' and Kolma n·Alfaro . 1971; Kofman·A lfaro a nd Chandley. 1971;
Scga. 1974). This accounts for lhc increased sensitlvily of IalCr ,Ulges\O chcm"'al
mUUlgcn•• i. by alk)'laling agent. (Sell". 1974). Brandrilf and Ped. .... n (l 9S1)
ha, .. rec.ntly .bown lhal radlation4amag«! spermalozoa n DNA Can be:
repaIred in (he .lli foliQ.'ill.ll fm iliza lion. Excision ,cpair ha' also been
demoll$lnued in resting. gro" in ll and mature OOC>'lCS(Masui and Ped. .... n.
1975; Ped.rsen and Ma njll3. 19711). aJ .... 11a' pre. and POSllmplanlalion embryo,
(Ped ..... n and Cleav.r. 1975). There is also some ."idcnct tbat .arly pre·
irnpllntat ion mouse embryos arc capable of po,trtpl icalion repaIr (Eibs and
Spielmann. 1977).

4 . 1.1 M~mbl'(JllC : prD/ec/ ion and rtpai, ml'chwti5m.

Unles' damage 10 membran es is so .xte",i"e lhal protecti, .. and ""pa"
mechanISms a re irdfecti" •. e.ns arc capab le of repairing. and lhu, reco' ..ring
from. lhe elf<:ctsof lipid pcroxo<lation (S'"ingen and Aust. 1980). Peroxida lion of
m. mbrane lipid by frcc radicals can be:blocked by frcc radi.calsca' ..ngers 511Cb••
villl.min E,cholesICrol.ascorb;,; aco<l. glulll.lhion. , NADH and NAD PH (D)'b inl
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.. al.. 1977; Autor ~I al" 1980; Mustafa .. al.. 1980; Sving.n and AU51.1980).
Enzyma lic protection from pero~ide5 and frtt rad;cal$ i$ providro by call1iase.
p<ro~Klas<. 5u~x;de dismUlas< a Dd glutalhio"" p<roxidas<, an inducible
enzyme "'hich reduceo organic ~xido:l (Dybing .. Q/.. 1977; AUlor rt al..
1980; Mustafa .,al .. 1980; Svingen a Dd Aus!. 1980). In lho lung. il ha' boon
,hoo...'n that OlO"" induces enl)llle5 capab'" of replenishing nOll-protein sulph­
hydf)'l compoun,:!5: glulalruO"" re<h"'13~. d"ulphide redUC\al.< and
g1ulatruono-d isulpbKl. tran,hydrogena~ (Mu'lafa rt Q/.. 1980). Afior carbon
t.trac hloride damage 10 hopaIOC}'l" in ";lro. milochoDdrial im. vi lj and
fU1l<Iionan 1>0restored by replacm>out of bolh tho domaged lipid (through
uci5io n a nd repla<omenloflb< oxidized fait) ' acid moieties) and tbe proteIns lost
through memb .. "" "'ahge (by .ynlho5i, of ""....prot eino)(Braboo:fI 01.. 1980).

4.1.3 Pralulion fro m ,If .. ol Toxici'}"

In addilion to the capability of normal ceDularconslitu.nu to bind mela b (e.g,
g1ullIthiont ...·hieh b'nd, Pb" , Cd", Hg" and Cu" ) (Vallto aDd Ulmer.
1972). liver and kidn.y have boon .ho ....n to posseso;a cadmium-inducible
chelato r ca lled ""'131101hio""in (Valk" and Ulmer. 1972: Sha,hk and Smilli.
1976).

4. 1.4 M~labalism, Dt,<>",;"";q,,

Althou gh ..... ha, .. poimed oul .arher (S«:1ion 2) thai microsomal mixed
function oxida ... can activat. relallv. ly innocuou5 chemicals inlo polenlially
dama ging ones. it i, important to bear in mind Ibal lb. ,ame Cnl}'me '}~Iems
can promote cxcretion of 10xicchonticals. Studies of ral and mouse cytochrome
P-450 . nzymes indicale there are at lean a dozen . nzymes wilh similar aeti"it ies
a nd overlapping su!>slral. , pecific;ties and responses 10 inducers. Non_
cj1ochto me P-450 "'li, 'ilies involved in ".nob ;OlK:melabolism. 5uch a•• poxide
bydrase. UD P-glucuronyl1ransferas<. ,ulpholransf~. rro pc<.asesand non­
mic~mal oxid/I$CS10name a fe.....are all.ocntical elemenu in the d.lo xicalion.-There is only limIted informalion concemins xenobiotic metabolism in
rq>rooucti, .. liuu Oli. Compon.nt. of lho microsomal mixed function oxida~

systom hav. be<:n detectro in huma n fotal hor . feral adrena l gland and placenla
(luchau. 1971; P.Ik01lC1ltr al.. 1971: BoITytr 01.. 1977_Pdk o o<:n. 1977).

G~no"'-~y~' al. ( 1980) used SCE 10domon.lra,. Ihal molJ$Cembry". al ear ly
postimplanlation stallOli,and possibl}' prelmplanlalion stallOli as " 'ell. can
octivat. benzo(a)p}'reo., Thi' approacb is more sensiti"" lhan direct analy,is.
and the rt'Sults indical< lhat lhe early mouse embry'oconlains at IeUt >omemixed
function microsomal o.tidase activily and thus the poIential for detoxicati on of
chemicals . The embryonic enzyme system alw appears to 1>0inducible. u i.lhe
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ca~ In ad ults (Gallo way el 01.. 1980), 11should, howe, er. be no led lhat cultured
" c,""nth day T~' embryos appear lI,capable of acli'"ating cyclophospha mide 10ils
lerat o~enic a nd embryoloxic sla te(,) w'herea' lhe add itIon to the culmres of ral
Ih..,r microso me preparal ions achie>'csactlvalion (Fan leI el 01" 1979; Kitt bin
Nol" 1981). Therefore, lhere is eitber spe'''es dIfference in the lime at which
mi'ed funct ion microsomal ox>dases are acli" e d uring emb') 'ogenc, i, or lhe
emb')'os do nol acquire all o,idasc acti,ili .. or induclion m""ha nisms
simullanw usly,

Conjugalion reaclion, (glucllronidal ions . •ulph alion , acetylalio n), which ren_
der 'eoobiotic chemicals more polar and Ihus more ,uscepli ble to C'cretion .
appe ar 10 be m b' lant ially Ies, prevale nl in COnttplU'" lhan in the adult
A<x:ordlng to D ulton (1978), the enzymesresponsible for lhese conj ugalion
reactioM are probab ly presenl m felal tissu.. sine<they are reqlllred for norma l
metabolic pro<:eSse$. Ho","'.-r . eVldence ofac otylation of xenobiotic ct.. mloals
by prenalal Ii' ...... is limited to conjugali on of p-amino benzoa l' (but not
isoniazid) by the plac<;nta : no da ta w"e described 10 .u ggest that fetal
sulp holransf"ues co uld co njug,ue xeoobiotic chem icals : and allhough lllOrei.
some indication lhal fetal tissues (proba bly li,e r) pos.sess glucuronidali ng
'nlymes and are capa ble of oarry ing out glllcuronidation, activiti.. are low
co mpared 10 adul l Ii...... and lhe enzymes do not appear 10 be induc ible unlil
binh (Dutton, 1978).

4.2 The Embr)'o

The dell"'" 10which a n 'm b r)'Ocan adapllo chemicaldamage alt he cellula r Ie,..l
depend, upon how effectively il can compensate for cell loss. In olher words. the
r~llk,,;)-e eapQCily of III<embryo is of critica l importa nce. As indica led m a
Ihough,f ul consid....alion of size regulatio n by Snow el 01, (1981), thi' capacity is
001 necessarily the same a mong mammals: II is not fixed Ihroughoul gestalion
and different organ. do not compensate fOTcellI"" at !hI: ...m~ rale or 10 !he
same degree , 11is possible 10oblain viable young from a .ingle blut o","" of a
Iwo-cell mouse embryo, of a four-ecll ,heep embryo or of an eigh,-ecll rabbit
embryo (see Snow etol .. 1981), Ta rko,,-.ki (1959) reported that embryo,
de"~lo pinll from a . ingle bla.lomere from Ille two-cell . tage developed mor­
pholog ically at a nor mal rate bUIf. iled 10 regulate for , i .. unti l tile , b 'enth o r
twelfth day of prell"a ncy (allhou gh N . Lewis and J. Roua n,. pen o nal
communication) ha recently ob:sen-ed evid~nce for a transien t 'catc h-up'
penod in.ize on lhe "' nth da}' of pregnancy .ft er which ~xperimenlaiembryo>
fall behind conlTols Ol>X again ). On the basis of such ObSC"'lll ions 1\ "

reasona ble 10as, ume lha l IhI:embryo migh, be able 10co mpensate successfully
for des t",ouo n of a subsl an'ial propo rt ion of its ttlls d ue 10ohemical insult. In
fac\. there is >om~ .up port for IhlSa><lImplio n (... below) a hhough lhe silualion
isromplkatedbyotherfactors~hicbmustbe considered. Fo r exampe . studies
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on mani pulaled pno,mplanla lion n'IOU5e ~",bryos ha~ ind .: aled lhal II kall

cilhl cclbart rtllUlrtd.llbc timeofbW1OCOC1cfOfDllliooIn orderreon eceuOT
~ 10bccorMCOmplelClymc loacd by Olhers dunn l subseq uen l d~'~lopmenl;
failinl tlus. the otruClu", wiDIIk~ 5hapc ofl .tropbeclodnmaI ,csdc ' .. hoch..111
form only uvpboblast cdll .. '!le:ftlft1lSplanltd 10 fos..... nlO!hen("" ......"0<1by
Shemwl. 19111). Tbod., the prmnp lanlllOou anbr) ... wiDbe 1I",,1lk 10 adapllO
IDy pm llrba loOD",bo;h Rd_ cdIl1llmhe, bolo.. llwcnucal ",,,I IlIqwml 10
prod""" one <II" lDO'" CI>l:bcd~1l5 by the morulll ollF .
R~blMly [",'ID'~""" oa sw: "'lIIla lion ha,~ bcaI .,.mod OUIm .. hK:h

pol'DmplanlllXlll mtbryoo ..~ pnt nrbed . A nota.llkuatplJOll .tM 51l1dy by
S...... ·UId Tam ! 1979). TbeK mYaUplDnobocr>-.d WI cmbryoa from ptqlIIIDt
""0., tn::a..,;l ..-nit a.-61lliL" I mllOD:ll""" C on llw ~th dlY of P"'IDI"'Y
o"""""eda Rductina ID«B ....m ber ",b l"~ 101UItn::a..,;l"",,1rOII of &IIDoM90"• ID
24 houn. Yet by lhe eltffilth day of lJ05IIUOII.lhe _;onlY of 1Mem~.

allbouah ......... hal ..... lkr lban aKIuob . bad DOlonly 1II"'\ICd bullppearuilO
posoe5I1 pc-rfcetlyIIOI"IDIImo'l'bnlocr' Normakize iiI"""""'" born frnm 1M
mlloml""" C·lreI.led rruoe.Altbouah maD) Df!be pups """'" runled. oltrik. or
died prio, 10 IIo'CIDdI" lhill it:. De>oenM..... I ...... 1b.bIe:IkmonsU'allOD of the
con>pmAlory proport""l of lho early pooumplanta hon ~mbryo, On lhe Ol hor

hand. "' ''' rDSllrp;a l u perl/Jltnu; by Snow and Ti m (paso na l commumoal>On)
;lIdical~ lhal cmbt}os OInnol "' SUlalC[0' ablation of diJorete blocks ofl,"~ al
.1>0~&&..,)lollder Ila~, Tak~n ~lhor ..llh .1>0mi lOm)': in C mulu. " IS
reaoonable 10 .. Iu me lhal lhe ~. ,]y poslimplanl liion nn btyQ 'In "Ompenll lO
for <Ubllinli a l~1I \ossonly if lho """.. ,nlni ~lls oonll in rep restn ll'i ' "n of u" h
of.1>: ..... nlia l tl~m pnpu lallonl .

P~'lII,balj()ll Jlud 't$ similar 10 lho:se of Snow and Tam (1979) ha\ 'e DOl )~I

been carried oul on ~mb ryot und~ri"ini orga nog..-.esis. HoweV\!r. it is lokely
from 11>0"' ....IOilln te I"tio n of many d .. m.:a1.~almenu all twesc"Iges lhal lhe
~gulal"'o ca pacl ly of lho ~mbryos has been all~m1: ""l is now Ippear 10 be
10 compa ,lme nll hzed lhal lhey ha'" dilfer~ntial ...... iti. ities a l d,fferenl Urnes.
Al an y Ill''''' IlIiII. "homiuls will,nl m= ""h lhe norma l S1rut:tu~ and or
ful>Clion of .:elll " 'bo;h a~ mosl \'Ulnerable_ Coils fro m d,ffe~m .. till pDl)U'
!abO". .... ·lnlt they lbemloe-lvn are ~frll<1Ory 10 dama ... ~l be 100 far
commil..,;lIO ocber dc'~\opme nbll pa th .."),, to compensate fo' lDjllna lO.:e1ls
in otber popubliollJ. o.tr =nu allCnS,ti ... ly. lISmention ed abo",. nuahtdepend
llpon ..-htlht,or not lbe <;dk Itt IIII mlJC:l.l$!qI< alo ... the" dt>oe\opmenlal
pa th .."yand or !belT probferabve "'''' COOhSlC,n"''lib thill...... IStbt w .....by
Suo... ~I Q/. (l9ll1 ] WI foDa....... llw afo,."..,nb(lOa1 mllQrn)all C UUUllf<,UJ.
<:dlI from.he <hlf=n. ilem populallODS(e. ....... ra.lodII. 10""_ ...... ~1Is)

"up--rqula",' to raob --.I ... mbrrs II tbrtr 0"'"i:ndepe'ldmt .darllC'lCT1iU<
r:a~ in a _ . tbm. ,;om;panmonla1a.a""" of ""n popuIauoas dllJ'tll.l
0fP-D0il , _ bas aJkroo,'ed.M embryo 10adapt to lIIOdcnte "llernIcalll$lll by
iICnfJa.n.only I b""lOd. ptopot...,.. or~1\t al any one bIDe.
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F<nJh I) Q Il be:"''''''1)-colDJ'fOl"lK'llby up<*Ire 10 d .. mnls Or I'lllI.IIIt_ .
Ho"'"e' 'el", there 1I.,.-.dcDoo WI lbr femaleand _Ie rtp<Od~ "l"em. ~
C21"'bk of rnpolldmatoc~ as ... Ull$ radll.bIlG. illsult al_ suoFS- AI
lbr pnmordll l IIITlll <;<:U suitt- adaptat>on appcan to be pnmarily h)
rq>op.dallOftSnow~lllll_ (1981 ) ha'" dclllOf>Rl'l,~ llw nnbrym ba'"approI­
imate l) ~te"th ollhe ....."... 1ollm~ of pnmordial FflD cdb (lOI dlill...nth
JIOSUlUO"da y follo ...."1 uposurt to mJtom)ClR C 0 0 tbe K'"n\b Or e1,ll1b
I"""'tion <tal' Ho .....,""•• the numbers of these «III~ ,.,I,,,,,,IOcom rols
so tballM ) rtaCh aboUI balf!h<: oormaJ '"lll~ by the e1t,....,thday of ... UIl_
and prollferatc I' Ilw II;>Il>l' rate a, """troll L"'=ral'le, (Soo'" n aI.• 1981). WlIrn
viable "trlpn", "'n",..ted for fCrl,l"y it "'II fOIln.,!that more than half ollhe
mab and 9 of 11 females .....,... fenile (Snow .nd r am, 1979).T~ l\'Sulu
, ,,uc .t thai carly germ cells can in SOme way ...'''~ the effeoll of """'"
d"J'letion; repopulation app.... ntly' plays. role. Similar obsen1lhons of jerm
edl ",fr activity ba .... lx>;n maM In studies ...';tlt ion'llnll radil 'lion (Brenl, 1977),

Recent sludoeJ by Dobson.1 aI.( 1978) and by Foil"".' 01.(1978 ) indica" ,!>I,
U 11><1dC\'CIop, 0«)'<' !la,,,,p"riod. of ""'rbel $<111Il!"ily'0 c!><micaloand
radi.l'ion. SIuda ,.,i,h "lu~l monkt)'l and I11Itt indica" !ha' $<"'" O«)~'

deple1ion ui llma toly ,lila from bo' h I )".,. of p"rt\lrba'ion \a'" ", prqNlllC )'

M ......, OOC)leI are ""rticII~ ....Wln ·. 10 alk)la unll al!t"lS and radlauon
""thin the lir$, !hru ...<etJ of bUlb and ,I><nbeco .... ~y mracl<l<y
1><~...Dd 2() c1a)'l 01 a.. (B..... L 19n ; Dobs<Ia" tII . 19""81n.. R:lSOl!I for 11111
-=quIrCd If:$ISl.N>CCIf 1>OI.1oM ""'" cd! tL' _ 1faIt-o:.dl amsl <d iDpnmord .. 1
OOC)US01Qrl y JIO'lA&Ulla1WD&1oand )'C11h<K<:dk.... mna rl<ably """" " ....10
pcrtUrllaUOlll . It .. . J)I<I"ha]l$.a It"ft<ctJon01~lopmcnUlI dllf~ bct:..'"'o
ju ,........ OJ ad ull OOC)tn w,.l:pIaImthnc d,lI"mq:_n im y. as nu.l" be tile
<:a5C for emb. yo ... , <dIo '" If<'l<1&l(.... oecuon 4.21-

Wha, ........ tile_nfor dilf..."lial .mS","ly 10 damailDl qmu. Ihe!oM
01 OOC)US(pn lDOrdaal. """"'lUre Of ma'''re ' <:anno' I><compcll$at.<d for by
rcpopulallon . LoN of ""'Ie ICT11l",lis., ,he >'anOlloSUlS" of "!'Cnn&IOI.......
cao .... "h ,n ,n ns.. o, ... riHly "jth roc:oY!:ryof funct'on aft ... rqxopula'ion.
pro..><lcd,hat , tom ", n. ha, .. >Un;vcd . For ' >ample:. ,rea,men t of ma le:mice w"h
,he . 1kI'laung lac n, ' thy lnitrosou rea causes ".nl ity fo r a ptri od of 13 we.:k.
follo"",j by reco ry of fert ilily (R ussell ' 11'1"1979),

Altho ugh ""'oy nobiot icc hcmica ls which requ ;re metabol ic oct;..a uon hi''''
b<co 000" '0 to be mutall cnic or CI~OIOnc to bolh male and f. male lICrm",Il,. tl><
si,.of ac" ' 'I lion could I><.bc,,-I><re, [0 fac', molocular and 1l"l>rtJCllutLes haY!:
m.oealcd thaI munnc 0«) .... ~ bilk if .ny nmcd '(UDCOOnmic.-"", I
oxo::la.scacu"ly (Doboon,1 1'1•• 19711; F. lto o "tJI .• 19i1l). Ho"""...... 1.« and
Dixon (19711) haY!: repontd !hit OlUdallY!:mnabolism occuR in ..""nif ....O'lS
tubules and loterst ,lJIll t'CDullr compartmefltJ of ee leila.
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Procffi~res have~n describtd for measurinll repair of DNA in sperma t0ll"nic
ceUs (Chandle) and Kofman·Alfaro. 19710 Kofman-Alfaro and Chandley.
1971). OOC}les (Masui and Podcrs<:n. 1975: Podcrscn and Mangi;>. 1978) and
early embryos (Pederson and Cleav~r. 1975). In ll"nenli. cells exposed to lbe lesl
cbemical in ";1'" are subsequenily incuba tod with ' H-thymidine for 1- 2 hours
The cell' are mounted on slides and prepared for aUloradio g'd ph}'. A com·
parison of frequency of nucka r labelling in treate<!oJ unexposed cells indlCates
whotbe, unscheduled DNA s}'nthcsis has occurred, The presence of microsomal
mixed_function oxMla>e""ti';lies can be monitored in embryonic cells and ll"rm
cells eitber by direct mea5Uremenlor by indirect methods .uch a5 that d"""ribed
by Galloway ~I al. ( 1980)( oec "",,lion 3.1)

To determine tbe ability of primordial germ cells to repopulate afler chemical
insult. these cells can be stain«! ' -clat n'ely spec,fiClillyfor a ll:alrne phosphaLa>e
("-hnll'. (957): cells from otbeJ tissues can be karyolyped to reveallhe sex of lhe
embryo. AI present. oocyte numbers musr be " tima t«! from represenLati,-c
hIstological _lions throua/! the ovary (Dobson el al .• (978), b ter>ded fenilily
testing of adult mitt will ",' ..al theabilityof morede'''lo pod ll"rmcells 10 'o"'i,"
ad\'Crs<:chemical treatmenl . Embryo integrity can be measured morphological
or bioclle""cally as de<enbed in "",,tion 3,2. Before il can be concluded thai
germ cells or embryos h,, 'e adaptod to chemnl damage by repopulation umUSt
be demonstrated that there w'a. a lransien l period durinl! w'bich lbe lrea ted
animals w..... infeni le or tbe embl}'os were o... nl) abnorma l.

5 RH '£ R£ :-'CES

Ad&lll •. C. E.• Hay. M F, . nd IA'w ·... ·M.nn, C. ( 196 11 The ",,'IOn of varioou.' I'm..
upon tile "'lIbi' embryo . J, fnItJ.y<>J.,,"p . M (}TplotH. ,. 468---49l.

Alion. J . A, and Coombs, M. M. (1980). Co ... lont blndlUJI of pol)'<)<'lo::a ", ,,,,, ,o::
<Ompo,,"", '0 mi""'I>on<I",,1a""nll"'ea, DNA . NQ"'~ ("""""') U7 . 244-24S.

All<n. J. W.. E1·Nahuo . E.. San)"l. M. K.. o..nn. R. L.• G1ade<I.B. ond DiJ<on. II. L.
(1981). SW.. ch"'ntlI'od .""hon,. analyses in roden<ntlIl<, ,,,,I. embryonic. a "" e.. ", ­
embryonic u.",c s: lraruIplac<n' a] and dir<c1 mUla l cn <:<poau~. Mil"" . IlL • . 1lO,
297-Jll .

""ICnu. S. S. ond Sllerman. M. 1. (191S). Effe<1Sof bromod=l"ridi .... c)'tOSinc
.. ab,MS>deandColcemod upoa u..il", <!e\'Clopmontof I11OIlOCbWlOCYI" . J. fnItJ. ,'OI.
up . M aq>lotH. .w.467-484.

A'ICnzo-$omalll. S. S .. Pin<, P. R. and Sllerman. M . L ( 1980~ Efrce" of run>earn)'<in
upon1I_,.,n .)"thesis . rodde~lopmen' of early""", soembTyof, Dc .. I, Bial. 79.
19- 31.

A' ias . S. A.• Boob... A . 11..• r . I' on. J. S.. Thorproson. S. S. and Nebert, 0, W. ( 1977),
On'".e ... "c"pr«sion of pol)'<)'<lica", ,,,,,' ic compound·;rlducibl< "",,,,,,,xl 'I"""
a,,,,,l,'" and form> of qtochrom< P-4SOIn ",bbi'. J. lnal. eN"'. 252..4712-4 nt.

A.tor. A. P.• McU n....n. G , arodFo• • A. W ( 1980;. O'YJC'I r_ radical' I"""'lOd by
dihydrofll"" "''' and Kln",n, ftldia"on , CYtotoxic ctroc' on ioolated puln>onary
m""ropho ..... In Bho",",pr . R. S. (E.d.) MoJuuJ4, 80>1" of en""""""""" Ta.Q'i' y .
pp.51 68- Ann Arbor Sci<"'" Publ i. Ile" . I"".. Ann Arbor. Michip n



EffrclSof C~",ico& "" R'P~'i,., Func'iotu of ,Ifammals '"
!lad.r. J. M. and Wr ins'Oin. I. B. (1980). MilOCl>ondriolDNA ISa mojor «llular IITIl'I

fo, a dih) ·drodiol-.opo.id. dori".. i,~ or benu>(l)py ...... S<.lttl« (Wasil..""". DC)
lll9 , 291-299.

!lartl>olo........ J. C. Oompor. H. B. arid Yokota, H, A. (1980). Chemical caronogonesi.
and th<pby~ .tal< of th< «U . [n Elha'nlpr. R. S. (Ed.) Mo/t<v/(" Boosisof
£n'iro<t"".",1 Toxici',. PI' 29. -32 7. A"" "'rbor Scio1lC<Publisl>o.. . [""., AnnArbor.
~hch,pn

BodfoN. J. M. (1971). To<:h""l.... and cnt=>. uood,n lboallodyoff'rtilization . [n Dond.
J. C {Ed .) ...,,,-. ill M"""""lia. Emb,)'OIoK'. PII. • 7-6 . W. H, F... ma •• Sa.
fro"';"""

lloroo.t. D. T.. W. is.,C C. and S"~.",,,. D. H. (191lO}A compr<b<naivo qu.n'ila"vo
. nalysis of mot hy[. ,od and ethylatod DNA U1in.hiJh pt6&ur< liquid chromalography
Ca",-,,,,,u(Lootdon) I. 59}-606.

llormon, J. J.•ToO£, C arid Willioms. G, M. ([918) . Enba1lC<.... nl of mnta&<nosiadnrin.
cel[ ~i<a'ion of cul'ur<d hvor <t>l'....lial «[1$, C,....,../J" . •. 2TI-U'.

llorry, D. 1.--.Zachanab. P. K .. Slap. T. J. and JLlChaU.M R. (1977). Ana["" of ,be
\»o' '''llSformo'_ of bonm( a)pyrmo ,n hnman f<tll.rid plaorn1l1 tissues willi hiJh ­
p.... n.. beln'" chrOItIOtopaphy . e..r.J. C~ 13. 1\67-611.

Blla'nall"r. R. S.. Hn_in. M . Z . nd Leo S, D. ([980) . 'Th<,ok of Collll<O UI pmnary
molooular , i', of ,n,iromD<ntal mjury [n BhatnallOr. R. S, (Ed .) Mol«'lll<l,Balis II[
£.,i,o."'M'al To;,t;ity. pp, HI -558 . Ann A,bor SC'oe"".Publ ......... I"" .. Ann A'hot .
MlCh,.. n.

II,UO"" J. D. ana Sl<m. S. ( 191)). M.taboh,m of , .... I""Olmplantation mammalian
,mbfyo. oid>,R,prO<l,Ph"ioi .'. [ -~.

!Joe,. G. J. ( [9JS ). A ,""phli«t "'o<toassay of DNA arid RNA n"n. "h"'",,,, bromok
oiltlll. 8-..0 . 65. 22}-2ll.

Boh"". P.• S"in. S.. Dairman. W .rid lJ<I'Dfri<rid, S. (1973). Fluorim<trio .... y of
prot": .. in ,be n.nopam rIII J<. oi, <IuJJiodo<nt, 8iop~,.. 155. 2 [J--220.

!:lorland. R. M. and T....... R, J, (1914) cli ....tion of I No' -dopondcn, ami"" ac'"
transporl ays"m in p.. ,mplanla"". 010 cmbtyos . 00<1. 8W. 36. 169_ 182.

!:lorland. R. M. Ind Ta "' • • R. j ([973), Na ' ..I<p<rid,n' amino odd transPOrl m
p ...,mplantalion ""'''''' =l>ryoa. l><.. ~I. 8OJJ,46. [92-lO[

B",boc . '-1. J.. Dolei, E. D . • rid o.",,"'n. L ". (1980) . R.. ",,,,uon of bopa''''m'l/r
chondria fo llo..inl chemical[y iriduo:;oddamall'. In BIta'napr. R. S. (!;d.) />IoJuoJ..,
&uU of FA_'dl Toxid' , . pp . 1, $-149, Ann",,1:>0< So",,,,,.Pubh,he ... ln<;..
Ann "rbo, . MichillOn.

Brandntr. B.a rid PO<Ic.... ". R. .... ( [98[ } Rcpairof' .... ,,['ns""Io,·irradi.a,od malo Fnon><
in f."iIizod 010.... 'gO. S<i<tI« ( W... h..""". oq 211. 14ll-1432 .

B",nt. R. I.--(1911). Radiouons arid "'her phys" . I .gonu . In Wilso". J, G . and F", .. ,.
R. C. (Ed .,) Ho_ k ofTmltoJo l1' Vol. l. l'l' . 11l - 224. PIonnm P..... No... York.

1I.. ,..n. J. G. ond Poyne. H. S. ([976) . Studica on cb<mic.Uy ,ridLlCOddominan t Io'hah'y.
11. C)'1<>JCfl"'" stOOl<>on MMS·'ndocO<l <toMlnant IolholilY in .... ,"nn8 d"')'a"
ffIO\I .. 0CI<y\<S. Ma"". R.. . 31. 11--82-

B.. "~,,. J, G .. Payne. Ii S.. Jo .... . K P. • rid P... ,on. R. •. (1975). Stud... on chemo:olly
,ndLlCOddom'nan, lethali", l. 'Th< o)'l_ic .... is of MM S·iridllC<lddominant
Io'ha l" y In pool..... '''''' .... 10Il'Im «l is. />I""" . h" 33, 239-250.

Brooks. P. ( [911). Rolo of covalon, bindi.1 in cao<:inoJel\I<iI,. [n Jollo"'. D. J .. K <><:III.
J. J.. Sn)'dn, R arid Vamio. H, (Ed .. ) 8ioiotkdJ lInK,i .. J""" ..~dio"••pp . 4 70-430,
PIon"m P..... Now Yo, k

Bu,H K .. ond Sb<-ridan. W. ( [918). E.prc.~"" ofTEM -ind.... d damo&<10 posln>cioti<:
'liRa of IPtrmatosmeslSof Itlemousedurin. early .mbl)'OiOlIOSis,[, In=llplio,,,
"','h.. "IT<' . mbryo ""Itu ... M" ",,- h •. 019. 2S9-268



194 Mrlho<h fo , Nu Uing IIJ<>Eff«1S of ClJ<>miJ:ols 011Rrp,odlK'i ,~ FlUlrrions

c....b= i. P, and Park>. R, E. (1980). Anloprohf.rali .... all. nta and drup u<o<lfo'
'!nmUMIUllllTffiion, In Gilman. A, D. Goodman. L.S.and G~mo". A. {£d.,) oDd
MaY'r. S. E, and M.lm a". K. S. (Asooc, Ed•.) GoooIman ""d G,I""",' , nw
p/r(.-_r%ri<<r1 tw # o!TItn"""mC$. 6lh cdn. pp, 12S<1--1301,Mocmillan Puhliollln.
Co.. Ne... York . CotlieD Mocmillon Canada LId ... d Roin;m, Tindall LondOD.

ClIlIndloy.A. C. . nd Korman·Alra.... S,(1911), ' Uno::l>cdulcd'DNA .) 'nl/lO$,. In human
JOrn>""Ilo follo";n . UY 'rndlOtion. £Xp. Crll R' .. ~. 45-48

ClIoube. S. and MUrp oy. M. L ( 111(8) , T" "rato iOn",otl'OC\$ofl" ....,.nld", ... "" i.. in
ca'",."c"II>QI"rapy , In WQO!lam. D. H. M . (Ed.) "&.0"",,IJr T"o l<deO. Yol, l.
pp .181 237, Aca<!<m" Prell. N.... York.

0.. .. ,. J. Eo1197S). Method> rot "",,,yinll ropoorof DNA do",."'; by I'h)'$iCal.nd
chrn>l<al con:illO...... Mtl itc<bc......:.-.-Ru , 11. 12J-16S .

Doboon. R. L . Kochk r, C G .. Felton. J S . K.... n. T C.. Wu<bbks . 8. J, .nd Joo<o.
D. C L ( 1978). Yuln<rahiJity ofr.mol< ~ ",,!II ,n d.",Jovo ... m""and II>Qnh)'l to
tritium. pmmo "')'I, and ",,1)'<)'<1icaromo'ic h¢roclIrbons . In M. hlum. D. D ..Sikov,
M. R,. Hock. tt. P, L. and And ....... F D. (Eda,) o....lop",, ",ol ToxO>:>Jou in £""" 0'
R.1o"d PoIb<IQIl/$. pp . 1-14. D,O ,E. Sympos.;" m Serico 47.

DullOn. G, J. (1978). oe,,,Iopmc:otol .. pcct. of dru . conjuplion. with specioJ m .... "'"
to p ..... ronidalion . A. IlL•. PIIo,mac. Tox~, Is.. 11- 3' .

D)'hin l. E.. Mil<hell. J, R.. N.lson, S. D. • nd Gil l<"•• J . R. ( 1911), M... bolio octi .. ticn
of m<thyldopo by cyIochrom< p.so._rated supero.o<!< onion. In Jollo .... D. J ,.
Krx:oio. J . J .. Snyd.r. R.• nd Y.inin, H. (Ed. ,) S iolor irol !lLlK1i.. ["",_did"•.
1'1'. 167- 112, Plenum Prell , Ne.. York.

Edldin. M (1972;, AlpeclS of plasma ""'m braD<hidi'y . In Fox , C. F. (Ed.) /11." .[,,,,",
~,•• pp . IS-n, Academic Pr<SI. N.... Yor~.

Eibo. H,-<;. • nd Sp'o:hnann. H. (1977). Dilfe",ntia l o<"';li, ;'y of pn:implan .. tico motIO<

.mbTyoo to UY ilfl'liiolion in ';"o.nd .. idera fo ' pooIn-plie.lioo repair . 1IDdio',R, ..
71• .l61-)7(i .

EisinFr. J. (1978). B,och."","Y and ", •., u... m<n' of ... vi""' .... n.. 11<odinlOxi<oticol,
Qw.,. R". Biopil, '" 11. 4) 9- 466

Fahri a. R. (197~) , A .... mmah. n ' PO' ,... : induel inn of Jrn<lie alt . ration. in pill"'.n'
cella of mouse .mhl')''''' " 'illl X "' l" . nd c .. rnie.1 my........ Mol . "'" . "''''', . 1.18.
.109-)I ~.

F. nu l A. G.. Gfeena .... y. J c.. Juehou. M R. • nd Sbcpanl, T. H. ( 1919). T.rotoiOllII:
_,i .. ,inn of cj<lophoophomid. IJr '; I ra. Lift Sr i. 15. 67-72 .

F.rb •• w. R. (1\168). D<:pol)'rtlOtizationof rihon ucl<ie oeid hy p1ulIlbo... inn, S .... /,ip, .
[,iopIoys, .'1" 0 IS!!. 401 .

F.llon . J . S.. K.... n, T, C, Wy. bb les. B. I. and Dnbton. R, L. (1978). Ge"" ,ie dilf.... o«s
;n po l)'<)'<Iio-. ro .... ti<.hydro<lltbon meta bolism and 'b<ir otl'",1Snn oocyle killinJ in
de",loponJmoe<.ln Mahlum. D , D.• SU:ov. M. R.. Hoehn. P, L . nd And ........ F. D.
(Edo.) o....lopm<nuU ToxiroloO of EJt<'V"R. /'mtl Pol.. ,,,,,... 1'1'. 1S-26. D.O .E.
Sympooium Sen.. H .

n" k. D. F.• Kro~b,U. H. G . and l>imitrolf , I. M. (197 1). Tox" otl'«:I. of admi"m ••
rPicw . &riro ... Re. . " 71- 81.

Fotnae< . A, 1. ('98G; , Ma l' lI""nl tron>l"OmtallO"by t" DNA·pr Ole' " "", .. 6nb nJ 'iOn ,
'ran, ·PI. (PI.(H) d,omm ,ne diehloride ]. hoc , Am , -tir, Ctmft!, fII J 21. 118

GolIn.... y. S. M.. Perry, P. E . M........ J.. N.b<n. D. W, .nd P<d<rscn. R. A. ( 1980).
Cul'ured """'"" cmbf yo< meI.boliz<: bemo(aipyr."" dunn, .arly ",lOlion : J<U<tic
diff.... nces d<l<>:tlbI<hy sis,.,. chromalid ... "" .... . Pro<. ""'" Moll . Sri, U.S.A. 7/ .
lS24-lS28 .

G<n.rooo . W. M. (1969). CbemicoJinduelionof dom,nonll<l""lo in f<rnalomoe<.~'/C$

61. 46 1-410 .



'"
00010 '''0. t. S.. Mrnrs<>. L and Ped<r,.n . R , A. (l9711). [).,.. respon .. ,d"ioMb,]> for

X''''j' 'ndue<d dom,nant I<th .1 mu, . t;",", d<toctod m mo .... <mbryo< iII';,.o . Mulal
illS- ~ I . SS-59.

H.rbi>on. R, D, (1978), Cb<mical·blOlop:a1 .each ",," 0010""'" to '''''oaene>lJ.nod
mo ...~ .. £It>iroJl. H,,,"hP",/"«, , 24, 87-100 .

HOllb<l'J. J_(1971). R<p latio n aDd dfec lJ of ~pid ""ro~idatiorl in isolalOd Ilopo lOC)'''' In
Jolk>w, D . L Ko<:siI.. J J" Snl'der . R. and v.ini<>."l . (Edo-) S.,.";",,I !lL«'i'"
1~lmM4ial". pp. 'lI1- ole, PI.. "", P:<a. Now Yorl<.

HN . v.<.(1978). I~ 01"" d<velopm<n. of """' .. mous< <mbryoo beyODCllb: impla" ", ·
...,0 .... ,. . [0 Doni<!. l . C. (Ed.) .'1"_ ill M.mmalia1t p.,~,;o". pp . n9-2'~.

Acad<mic P.m . New York.
H u ~<y. l . S, (1977). N u, ri \;" ,.., d<fi<""'ieo orodoxces>eo. In Wi"" n. H. G. a nd Fra .. r.

F, C. (Ed .. )H~ ~T"'''.nc,y. Vol. 1, pp . 261_308 . Pl<llUM P.... . New Vo rl<,
H"...,n. M. 1. .0<1 8hal" ",,_ R. S. ( 1 97"J~ lnvo l"'m<nt of IUperoJ.id< iD paraquat

induce<l ... IIan«:m.nt of lunJ oollaJ ... yntboN ,n orIOn ""Ito ... a_ Iff. Biop!>p.
!tt l . Co.....- . 89, 11_16.

lue ..... . M R. (l <rll) . Hum"" placc1ltolh)-dro.yla tioll of l. <-b<nzp)=, durin , .-arly
... .. tioo a l>da , ....", . T~""'. ","pI. P""--..Ul, 66""~ 1S.

K'\l:h'n. K. T .. Sclmlld . 8 , T and Sonyal . M . K (1931). T..... 'OFnio"y of .",,10·
pbo>phomide itl a ""upled """mooml ac, 1valln".",bry<> Ctll'ure ayOt' ''' ,_ ...,
Pharmar. 3(1, S9- 64,

Kofmao-Alfa ro . S. and Chandley . A. C. ( 1971). RadLa,ion·inilia,cd DNA .yntllts io m
' p<rma lOJe'l i< «Ils of 'ho mou.. . Exp . Cd l he. 69, ))---44.

Kohn. K. W. ( 1979). DNA as a tar.. ' in <:a_r "b<motbc: ....py : mtUUre",.nt 0(
macromole<ular DN A dama .. produe«! iD"",mmaliatl cclb by aotica"" ... a.. nlSlnd
<:a", i_ , M"1tod>C~ Ik e, 16, 29 1 ~ )4S.

Korn ber&.A. ( 191lO). ON A lI..p l;",,, ;,;.,. w. Ii. r ....man. Son r ...."";",.,.
K....m . D., 1I)'tlum, O. Do>Sonoll, G. C. and Sohn.lder. E. l. ( 1979). I" ~~ro odl,r

chro"''';,;J .. "hont< analy>i. for detection of uanoplac,otal mollg<r>" N"",,..
(Loo-'*"'lZ 7lI, SJI.

Langen . p , ( I9'lS). " n' .... 'abo/i'••0{ N""~ie AcW MeW>iJ/Urrr. Gord"" and B.-....:h. N. ...
York .

1.«. L P. In<! Oi.., ,, . II. l. ( 1918). rlcto n inlltl<'"" "1 reprndtICtiou and FJI<Iic ".. ic
doo .. 00 male I""" d.. e,,_, fha/tit Perspee, . 2-4. 111-12 1.

1.« , W. R. (19 76). Mo l<= lar doo,metry of cbemical muta Jen ' , Deloc,ion 01mol<= lI'
d .,.. '0 '" J<1'" 1,0,. MWtil'. R... .lI, lll ~lI6.

Lehman. A. R. ( ' 9ll). P""t'~"' lIOn repair 0( ultraviolet tInd ialcd mammoliatl .d b,
J. """<e. Bioi. 66. ll\l-JJl.

Leonard, A, (197)) . OboerYa,Kmoon meiotic "hromosomcl or tbe _It mou .. as I teo,0(
,be pot.n'ia l mula g....,ci'y 0( cbe"'O:IIo 10 ","mmalo. In Iio naend«, A. (Ed.) Chemi.:al
.If.,"t' ,..: PrUodpk. MId M" W. 10' r1teu /)t lt e , ;';" , Vol J. pp . 2 1-Sli. Pleoum
P=o. 1'1.... Yo rl<.

Linde ll. T . W. iobc:, &- Fa Mo rn>. P.• Rood R. and Rune,. W. (19W). Spo;:i/ic
ioltibi bon of ouclear RNA pol l_rue 11by marutin . Se ..... ( Was4i>IJ:,... . DC)
170. 44 7- 449.

Llo)<l . J. 8 .• Ilo<k. F.• Grilli'ho . A . and Patry. L. M. (1968). The """,ho""", 0( acti"" of
acid diuo d yes. 10 Campbell . P. N. (Ed .) r1te In'~r<U',i(J", 01 n ... . ~N1 S""",,I/uJae
Compo",,," "" Amota! C.Ib. pp, 171_202. ChurcllilL London.

Masui. Y.• nd Pcd<.... , R. A (1911), Ult""iole t liJhl· induced unscheduled DNA
.y n,l>e-I",in mouo<"""yt .. du"n l me"'lic ma'u r>'loott.N~"". ( t.<wr,*", ) 257. 10~706.

Md.aeh lan , J. A. ( 1911). Pt.... lal t l POCUUlO diotllyl'l~bulrol '0 moot: lOti:olop:al
.. ud .... J. Toxirol. <n';'''''. HNII~ 2. S21- S11.



196 Mn ltodsf o, A<Hssillg,1te £ff~cu ofCMmkols on R,p,<>dUl:I;~ FWlClio""

M.ulh . M. 0<>6G "",n. H. (1914). Indoctioo of a dw 'l")'IId J""1eoosta.. in <:oltured
m>.mm>.li>.n ",lisby bromodeoxYllooin<. C~II ~. 1()9- 11 ~.

M'nt>. B. (l9 S7). Embryolo"",,1 developn","t of primord",1 ",ITD«I " io II><mou.. ,
inn... """ of . tl<W mutalio n. \\Ij . J, EmbrYO;. "'p. Morpho!, 5. 396- 403.

Mustafa. MG .• Foodc:r. E. J. and l.<c. SoD , ( 1980). Biocb<mic.ol basis of pulmo"' ry
rn po_ to ozon< and llil"""" din.ide injury. In 8 I1at......... R. S. (Ed,) Mol«o /Qr
&u u o/ &_,«1 To.nr,. pp. 1$1_1n.AnnArbor So"""", Pobliohe",. IrIO.•Ann
Arbor, Micbip tL

1'.'01, D. A. T.(1978~ Wt.:;,l<embryo <:oltllt'<of mammalian embryooduri..,orpno_
" .. 8 "" . IlL •. 53. 8 1_ 122.

OId.n . K.. Pn tt. R. M. and Yamada, K. M. (1m) . S<locti", to. icity of t unicomj'C1Dfor
ttan>form<d «:11.. 10 1, J, Co_ r lot._ .

Ped."" n. R. A. and CIe.",r.) . E.( 191$). Repa ir of UV <lamaF to DNA of imp"n ta"on •
•taF mOil><<mbryOl in 'itrn, E.•p. Cell R, .. 95. 247- 253.

Pede....... R. A . and Manp.. F. ( 1m ). Ulttaviok t-l'lh t'; ndue<d ",.. "'x:duled D~A

') 'ot!x:sloby tffiln. a,.,J vow,n. """' .. oocyte<. .\1."". R~•. 49. 425-4 29
Pelko""n, O. (1917). FOlllllltinn of toxic in'ermocIiota in frtol tilson . In 00110'01,D. J.,

K"""" J ). Sny<kr. R. 0,.,J Vamin. H (Ed •.) Biolt>riNI II=<li.. I.'rrntrd .. ,u.
pp.l 4$ I S'). Plenum Press.Ne..-'York .

P<lkonen. 0 .. A,,~la. P. • ,.,J Ka'k i. N. T (1970. 3.4-Be.. py...... and .\ ·rn<"' ~· lon,ho.

metobo1izini e.. ynlC'< in ;m",.tu .. [<><tu. and plocenta . IINo pn"r"",c. "' ,' . .10.
385-392 .

P<rry. P. E. (198(1). Cl><mocal mutaF'" aDd... t.,. ,hromolid uc lla ... , [n d< Scrru . F. J.
and Ho llarnd rr , A. (Ed•. ) CIlrmi<'D1 .oJ.,,,,,,,,.P,iIt<ipk, 0'WIM"1oo<h/0' Th<ir
Drl«'''''', pp, 1-39. PI... um P<ao. N.... Yori:..

~erio .. D.1l. a l>d !'<tenn., H. G. (198(1).A molocular buio for 10< .. 1 to.u<Ily. In
1I11atnop r. R. S. (Ed .) .11".. <0&:., &1rif <>fEn,_n,..J Tox"'i' )'. pp. 449--414, Ann
Arbor Scie"" "" bli>b<n, I ", ., Ami Arbor. Michipn.

RocknoFl, R. 0 , {19(7) . Carbon " " ", blend< bepatOlo.icity. Pltor"",coI, R" ,- 19,
145-2OlI,

R"' krlalP'I, R.O .. G O:nd<. E, A, Jr. and HflWke..-'YC' . A, M. ( 1977). Ne..-' da ..
•upportio lon obliptoT} ' , ok [OJ lipid pero. idot;on in earbo. lelr",htond .. indoc«!
I"" of . m,nop)·n "" demclbj'ial<, ej1<>:hIorll<P·4~.• Dd 1I1..,,,..-6-pbOiphotal<. In
)o llew. D. J.. K""'.,J. J.. Sn)'ler . R oDd V.itlio . H (Ed •.) BioI", " «1~,;"

[OU,_u ,. pp, 417- 428. pleoum P N... York
Rltl cr . E. J. (1977). Alt.red biosynl io. I. W,I>o•• ) . G. • nd F.... ,. F. C. (Edo.)

Hal'dt<>olc<>fT",o''*'v' Vol. 2, pp . 99--116, i'Ietlum P..... Ne'" Y 0<1<.
R".. ., hal. A. S., Moo<>, H. L.. Be.a"",. D, L.nd Scbulf_n. S, S. (1966},1.<0<1ion and

phoopho"" Iuoto<bemiotry. I. Nooen'ymotoe h)<Irolys;sof nue!<osid< phosphates by
Ieod io• . J . H" 'oclw", , C)'IOCIw"" 14. 6'18-701.

Rowi"'k i. J.. Solt.,. . D. • nd Kop rowol:l. H. ( 191S). MOil><embeyo d<",lopmeot ill , ilro:
elf"'t. of iohibito'" of RNA .rid p<ote,n .yn'!x:slo on bW toeys,.nd poot-blutoeys t
.mhryoo. J. "'I'. Zool . 192, IH-1 42.

RIWJ<II. L. 8. (1918). Somati< «:110.. il>dic.oto" of lI'tn'lioal nlutal""" ,0 the moul<.
en"""'. HNtldt P'''fI'«'. 24. 11l-116.

R..... lI. W. L. (19Sl). X... y,ndue<d mutat""" in mice. CoMSpri1tJHorbM Symp . Qwr!'.
Bioi I• . 321- B6.

Ru••<ll. W L. K. lly, E. M.. Hu",oehr , P, R.. Banll!tam, J. W.. Madd uX. S. C. and
Phipps. E. L (1919), Speci/i<·Ioeu. tcs, . ho"'" <1IIyloit"" u.. a to be ,he moot polen t
muto., n in the:mo.... Proc. ""'" li e"'; , Sri. US II 76. SS18-SS19

Rutte, . W. J. (19801,COOtro] of «lIular dilf=o">tion o,'.rvi< w. "no.N. r. II . ..... Sci.
JJ'l . :!6l-264



£jJUIJ of Chemk:ols "" R, pro<!IKl i.·' f ;,nc,;ollS of Mammal' '"
Rur"'f . W J •Pictet. R. L, .nd MOf..... P, W, (1973). Toward d.-e1 O\>mentol lIl<Ch3""""

of de,elopo>enw proe<:>seo.,!, li n Bi,xN",. 41.. 601-646 ,
Soadler,T W. (1980). Effocu of mate ..... l diabe tes o n <arly embr)'oFnesil. Tn aliAufy 21.

339-347
sa m>on. L, .nd SCh.... rtz.1 . L il980) . Evidence fo r an . d. pti.... DNA repa " pat h.... y In

CHO and human .. in fibrobl.. t cell~ ..... No"," (L,-.,) 287. 861--361
sa nl"1. M. K. ( 19S0).De>oelopmm t of tl><rot CO"""l'l'" ill n'"o ond usoci Olcdchollj<:!in

compo""nt> of cult ure mediwn, J. Embryol. H p. Marpho l. M 1-12.
Schenl m.n. J. 8.. Rob... K. M. and Jo""" ... I. (1971). Aryl h)'dr ocor bon hydroxy" '"

indoc tion. In 10110.." D, J" K<>CSi1.J J, Snyder . R. • nd V.m'a . H. (Ed>.) BiQWt li:aJ
JlMell", InIh "" JJaI••• pp . 8l-9S . Plrnum P..,... New Yon .

Schnen . R . C. (1980). Cod mium_indll«d inhibition of hcpot ic><nobiotic tro,.. formotion
In Bh. ".. p.r. II. S,(Ed .) .l!ok""Ja, B05"a/ £"" ,,,,,,,,,,,,,,,,1Taxli:i'y, pp. 4Ol-4 11. Ann
Arbor ScI<flC<I'ubb.I><.... 1""., Ann Art>or. Michip lL

Schul... S. G. ond Zoln'k y. R. (1'l61). Int.,oc tiollJlbetween >o<I;um lron<port and acli""
amino acid tron ' po rt in iooloted robbir ilenm. NOM' (LAndon) 205. 292- 2'l4

s<:p..G, A. (1974). Umched uled D NA '~1lr""'is in II><genn ",,11:1of mak micee<p<ned ill
.1", to tbe ch<:micol mut ' F n «hyl mcth3n.... lfo .. le. Pro<.""rn AeM'. U,S ,A, 71,
49S5- 49S9.

Sd kn •. M. H.. Ste,n, S. and Sherma n. M, I. (19&1). Pro tein. nd rree .mi "" .dd con lenl ,n
preimplan t... m mOl'" embryos and in bW'OCl''' nnder ,-.rioIl>cuito reconditkm•. J
R,prod. FeNi/. 61, 307- ) IS

s.,..n1on. A.• Mead. J F, . 00 Stein. R F. ( 1980), li pid 'po<JdotLon in tbe lunl: mojor
i>olobH: prod uct> of hpid . uto'id ot ion in .j.." In Bhatna&>l. R , S. (Ed.) Mok "" ftj,
&:uaa/ f:n';,o",,,, n,,,1Toxit:i'y. pp. 21]~ 22&. Ann Arbo rSc ience Publisl>e" .I "" .. Ann
Atbo l . ~lichip.n.

Shaihk . Z, A. and Smilh. J , C. (1976). The biosj'n t .... isof mclOilolhionein in fa t li""r.nd
kid"" y aft .. rom,n" trot;"n of cadmium . C1"m. Bioi. I",,,,x, . IS, ] 27- n,.

SOepard . T, H. (197) . C"., iog 4 T"'<logm'c Agenu , The Joh", Hopki ", Uni"e"ity
P.... , Baltimo re. Morylond

Shepard. T H.• Tonimu ... T. and Ro bkin. M. A. (197()). EnolD metabolis m in <arly
mommahan embryoo. n...1.Bioi. S"i'pl. 4, 42- l'S,

Sherman. M, L ( 197&), Implanta tIOn of ,""usc bla. tocl"'-' In ""a. In D. nie~ J. C. (Ed)
o,f"Itods;" Mamma lib. R'pr<X!u<"lw n. PI'- 247-2S7. Ac. demo: P",.. . New York,

SOerma n. M. 1 (1979). De'~ Iopm<:ntol bioel><mistry o f p'<JmplontallQll m. ntmalion
embryoo. A, Reo. B;ac!., m. 4lI, 44 3 4 J1J.

Sherman . M . I. (1'/ti I). Con trol or",,11 f. t,durin ll•• rly mou.. embryojOl>eSis. In Jagiello ,
G. and Vogel. H. J, (Ed•.)BI""ulala"o/R'l"od ,miM,pp. SS~S76, Aeademic P....
N<", YOfk .

Sherman. M. I. and Schindler. J. (in p.... ). Control of jOne exp... .;on duri"ll eanl'
mammalia n embr~'olC"e.i>, In Siddiqui. M.A-Q. fEd.) Can"al a/ (nrh,)"""r Ge",
E<p"uion . C RC!"t'S'. Boca Rat on. Florid. ,

Sherm an. M. I, .nd WOOl.L-.II. (1976). The imp lant inl mousc blutoey" . In POOle, G.
and r-iicoloon.G , L-.(E<b,) The C,II S",/ "" . in Animal EAhryog,"esu and De",lop_.r,
pp, 81-llS, No rth· Holland_ Amsle""'m.

Si'""Or, M . A. • nd l.o<b. L A. (1976). MelOl~indll«d infidelity durinll D NA .y nt..... is,
p,at . """ A ... J. Sci- U.S.'!, n. 2]]j-23]S .

~k ; l le"'T . D . N (197S) , Tho dec..... of miloChond ri.1l.ub>tr-." uptal:. by tn . lkyltin and
tna ll:, lIead ,omj>Ound> In chl"tlde me<!,-.. nd It, reb 'an« to inhibition of o:tid.", ..
pbo,phoryla'ion, BlO<ltcm. J. 146. 46S 411.

Skuu. J C. (l 9l\j), Et1ZYJl111 t~ bo."fo' """eItll",jl<)t'tof No· .nd K ' ocroso«11
nt,mb ... ".. . P~}'lal. Re>. 45. 196- 6 17,



1911 M,,1Iods1M As"""'ing 'N Eff"" oICNmit"/UXl ~p,odll<"i'" Funl:'i<>ru

SIlo"', M. H. L (l976) . Embryo gro"'h durinl ,.... imme<lia'. poolimplanllniOll period .
In Ellion . K. and O'Connor. M. (E.dl-)f»J,rrot'MSiJ ;" M"""""Is. pp, SJ..'X.l.
E1"""",, . Am" . rdom.

Soo",. M. H. L and Tam. P, P. L, (1919), I. COmptnSOlOf)'J'owth a <:cmpliooo'i". f>CIor
i" 1110_ ""'lOblY? No"", (i.<XI4ot<)179. 55l--SS7.

S"" .... M. H, L . To", . P P. L al'ld MoLa...". A, (l98I), On' ....<:cnlroland "'lIIlatioo of
.... and ""'rplI.,..."... in mammalian embr}',,", In Sub«1"~. S. and Abban. U.K .
(Eds. ) Lt",b of G,,,,,/I: C"",roi iIr fN .. /op",,", Alan 1M. Nt ", Y"rl< .

Sob<Il. H. M, (11173).The "<n>Xl>c:mi.uy 0( octinom)'ti" bind,n. 10 DNA and '10
;mpl",,!ioO$ in "",""~Ia, booloO". PI'OI. ",,,,,11k Ae", ~s. 13. 15J-19O.

Spri"iPl<, C. F.. M,ld...... A. S.. Ab", lrd()O.11... En"" 1. L and loob, L A. (1913).
fu/w riohin roii doo,yri bon""lcio: """" poll'ID""''' I•• zine ", etallo<lIZl_ ; """lea,
<I.oa<Irupola, ...la""lion 'lud",,,r lbe role ofbo~n<I tir><.J. ~1t>1. C/w",.~ 5987-5993 ,

Sun. L and S,n&<r. B. (1975). The .porilX ily of di/f....nl ....... 0( <tbylau". qcnu
to,,'w "' '''' ''' of Hd.acdl DNA in 'i"' and in rim, . 8iodttmiJ',y I'" 119l--1802.

Svi"",n. B. A. and A S. D. ( I!180), The ..... 110""'" of NADPH-<lepen<l<",and 0;
depe-nd<o\ l,pod pero»danon , In Bhatnap" 11.. S. (U) MoJ«.J(J" lkuIJ <1/~_­

_"1<rITosk ll y. PI'-~IIO, Ann A,bor Stier>« Publioben. I"" " A"o Arbo r.
M"'hip "-

T.... "u ki. A.. Arimo. A, and Tamura. G , (1971). Tuokamyo'o. a ...... a"u bio" • . J,
Anl ibiOl. (Tokyo) 14. 21l--2J1

Taoimu",. T, a nd Shepard. T H. (197()). G I"" "", m«abolism by ... ' . mbryoO in 'it'"
P."" , S« . '''P . 8 iol. loiN, 1)5.5 1-\4.

Ta rtowolci. A, K. (1959), r..p.ri""'ntaJ .IUd,.. on ......... tiooI in ,be d<",lopme,,' of
""lated blutn"""" of ""' .... 'US- At'" 1lw rO>l.3. 191_261.

T<lser. A.• Robinoon. H C. and Dorfman . A. (I 96S), 11><biooy"' ...... of <bondroitin·
sulfat< pr()ltin oomph. Pro<. ""'" ,l ai d. Sri. U.S.A. sa . 9 12_919

Ua<a . 1. S. aDd Lampen . I. O. (1915). TllOocamycin ,nblbnio<>of polyisop....., 1 N·
acdYI&l\lCOll&mift~1 pyropoo.pllole fooma'ion of calf li~r mi<:,,,,,,mos. B_nt .
Blcp}lys. {41. C"""""" . 65. 24S-2S7,

T~..",. C. A. and Sou'ha"'. J.I I. (1980). U" '-a!l\oilY Ca" \ ,a", porl i" h<arl
mi""'bondria induoed by me",u"ato , I" llhalnapr. R , S. (Ed ,) Mm,""", SaJ ;' 4
&"r"""",,>01 Toxi<" y. pp. 419--441.Ann Arbo, Stierr< Publ" be,. . lno.. Ann Atbor,
Michi... ,,-

V""'IU"". V . D. and Moy. G , S. (19n). Isola lIOn of blndin: ,II<pro'ciu raponsible for
adbe>lon0( >penn '0sa urdlin 'IP- PT«. ""'" ,lend . ok;, U.s. A. 7• . 24S6-2460.

Vall«. B. L and Ulm<r. D. D. (1912). Biooh<rn",,1<11''''100( "",n;uf)'.ald01lum and lead.
A. IlL•. 8_", . 41. 91-128..

Weinmann. 11.. and Roeder. R. G. (1974), Ro le ofDNA-<!<p<nd,n' RNA polyme.... HI
in lbe t ... "",ri pOOnof ,be lRN A and SSRNA B<O<S, Pr"" . ... ," A«Ul. okj, U.S.A. 71.
1790--1~.

Wil_, J. G. (197J~ Cumnt ... "'. ot" ","'IoO" . In Wilson . J. G . and F.... r. F , C .
(Edo. ) Ho_ of T,,,,"' '''u . Vol. 1, pp. • 7-7• . Plenum p N.... York.

Wuod<tli<h, V.. SChu'.. "'I .. Bo" "", . M. aod Gral!i. A. (1970l. p f nlla1alk~la""n 0(
m,,,,,,I>nndrial """' ,yribco""i<Ic; acid by N·lO<lhy~N·I1"roooura. Biodot", . J. I I&,
99- 109.



M«bod. for .1...... '"1 ,10<E~«u 01Cl>=n~ "" R"" od""ti", Futl<ti"".
E<hlOolorv,8, Vook.»I P.l. Sh« ...
C '91) SCOPE

Epidemiological Approach To Human
Reproductive Failure Assessment

DoJlOTIlY WARBUUON. ZEs .. STElS.nd JESS,. Ku~--.

I I;",. ROOUCT IO N

Th~ mo.t direcl m<thod of assessing lh~ d'focl$of Chtmical uposurt'S On human
.-.-produclion is 10 look in human population. for an association txt"""n tilt
~xposu re and the frequency of end-po ints indicaling .-.-producli,.., failure or
dysfuncllOn, Thai s""h an ep;demiolog;cal approach is not simp". quick.
inexpemi"e or withoul pitf.lls is attested 10 by tilt widespread attempts 10 find
laborator y ".,.tbods which can .ccurate ly predicl bum.n reproduc tive perfor­
mance , These laboratOf)' ".,.Ihods ha"e tbe ad,,,ntag .. . not imm<;<jialdy
.... ilab.. from an epidemio hgiul approacb. of pro'iding clues 10 the me­
chanisms in"ol- 'ed and demonslrat,nll pottlltial hazard' before actual buman
popula'ion , are allow<d 10b<cxposc<l. How..... , . tht ,,,lid ily of any labora,ory
approach mu,t ultimately depend On a pro"~n relalion,bip btt".-«n Ibt
labor atof)' ~nd-poinl and human population risks. The uncertainties which ari...
,,·hen lblS kind of evidt""" ISnot a....,labir are ,,'~lJ ,lluurate<! by,

(I) the problem in e"rapolating from animal data on teralogalesi. to lhe
human , ituation; and

(2) lilt difficul1ies in interpreling 1ht ,ignificanc~ of induced somalic chromo _
somal abm-alions in mall.

Tbo emlen"" of Jl""atinterspecificand intra,ptriIic ,uiabili1y in sll5Ceptibilily
to u:rat0lltll' (Cabon. 1966) makes th~ prediction of human ri'ks from animal
~xperimen.. ' -ery unreliabir. a, ,,"s w<llilluu rate<!by thalidomidt . which wu
nOI t~ralOllenlC in rats a nd mice Whi.. chrolllO$Omaldamage Can clearly br
indu<:<>:.!I>o'h in "i""and in ,i ", b}'chrmic al ~xposu ... ill man. lilt useful..... of
such darnase as a predictor of reproducti"~ or olherproblems in 'br n>di,·idu.alor
in 'hr populauon has ~t 10 b< ts'ablisbed, These prob"ms "ill not bt sol''td
un til epid~miological ' tudies confirm an association btt"ew IhI:ch romosomal
effects obstf'o'td in the laboratorj ' and .-.-produc,i,,"outoom<.

This paper"'ill attempt 10 d&ribe tbe epidemiolop approaches cumntl}'
a"ailabl~ for ,lit m'"<SI,gationof human .-.-produc1i'·e failun: relate<!10chrmical

'"
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exposures .T~ spec",1problem. orexperimental desijln and ,uli'tic al analysIS,n
this area will bePOinted ou t. andSUgjltSt;onsmad. as 10 how ;mpro,'ed melhods
of dat a =ord injl and jllIlllerinjl rou kl improve such studies in tM fUlUre, This
pa per i. based larjlely on melhod, a,a ilab" ,n lh. Uniled Slales. "'lIh I~

unders landing lhal our coun try onen lap beh,,>d ,n .ystems of health Care and
,'ilal .Ialis li"" which facilitale epidemiological research. We "'ill dra" bea"i1) on
a docume nt which was prepared for a Conference on l~ Eva lua lion of Huma n
Population , Exposed to POlenlial MUlagenic and Reprod uC!l'"e Haza rd•. "hich
waS hdd in Washing,on. DC in January 1981. under lhe sponsorsh ip of lhe

Tabl<t Il.epnxl""l" ·e end -poi"" 10 illda .. rcpro<!O<li.. dy<fun<I;oo

Su ual d}'l fuDClion : d"' rnstd libido. impolen«:

Sperm abnonnali,"', <I<creasednumber: <lecreu«! motili'y. abl>Ofllla!mo'l'boIOJ}'

Subf",un<lll y : ab. lOrmal . 0..... . du<u all<l .. ,emaJ ,. nitalia; aboormal pubtna l
doevelopment: lnfen'lity of mal. or f. maIe ori~n; . menorm oea ; . oo"' lalOI"}'e)'tld;
delay ;n ,_ion .

Ea~y feta llooo (to 28 "..nl)

Lal< fela l looo (.ne, 2~ " .. k, ) and '@ bin h}

In' ''' p''nu m da 'l>

DelL,hm fin' "",k

Penn. 'al dcalh

Chan.. io ...... 'IOna!.,. a' <l<h~: pre"",' " ri' y : poo,,,,,, ' ,,ri'y

Ahem! .. . ,. bo

M"l' ipl<bin h,

Bin h doer"'t.. O'IOJO'.ll<l m,nor

Cluom""""" . bnormab.... in f.... l dea'hs ... omniocen'..... in penn.al deal"'. in
hveblnb<

lnf.n' <I<.,b

Childhood morbidny



Epidemwl~kal Approach to Human Rep'odurth" Failurt Anessmem 201

Ma r<h of D,me< lIorth o" fect s Founda tion. the Ccn tc, for Disease Co ntro l. the
Nat,onallns titute fo' Cl<:cupational Safet)' and Health . the Na, ionallnstit ute for
En.'ironmenta l Hea ltb Scieroces. and the Enviro nmental Prot": tlon A gellC)'. The
documen t "',ISprepa red by a comm,tlCt . cha ired b)' Dorothy Wa rburton and
Zena S,ein, and consisting of L. Edmond s (CDC); M Hatcb (Colu mboa). J,
Kline (Col umbia) ; L. Holmes (HarV"ard):P, Sbrou l (Columb ia); M, We; nS1oc~
(Columbia): D Wborto n (Berkeley) . A , Wy robe~ (Li,'ermo re)

2 REPRODUCTI VE £C'lD-POI"' TS

Tab le 1 li"5 end- pointS "hle h m,gh, be useful for .' .... ing hurnan repro ­
duc ti"e f. ilure or dysfunction, Some of th= ",'ere discussed in dctail from the
labo,ator)' po int of view in other papers at the p=n t meeting . However. ,Iv:
que'llo n, of study design and analysi s are equa lly ",Ie."n t 10 tlv: evalua tion of
tlv:<c trailS in a pop ulation

The inter-rel a, ion,h ip$ amon g these end -points are comple~. a nd largely
utle~plored in man. In a few circumstanc es the Iype of ad.,,, .. outc ome " hich is
most likely can be pred iCled fro m what OSknown . bou t the mode of ac"o n of til<
che mica l expos ure; ,n other cases hnd ing a part icula r reproducli.,c o"tcome
"i ll 'u le OUt cer tain kinds of mechanisms of ac' ion. e.g.. const itutional
chr omosome abn ormalities cannOt be til< result of tubal dlscase, Ta ble 2

T.b\< 2 Relati"" of .....,rod""til'Coutcomes '0 <n,i r""men",I",,"IU

EnYir"" mentaJ
;","It

Paternal 'o , in

Matemol toxin
(pr«o ncep';"" )

M. 1<moJ lox;n
(]>OSlC0f>Cel'''on)

Mutagen
(ma1<molor poternol
<>poo<on:)

Tent0 J<1l

Fetal ,oxin
Co-rclOOFn

M« honism of ""'IOn of
to<>:suhstanc<

O<f«ti .'e WoIOiand"'" 'yStem
Def«';" '<..,..,.1 p<rtorm."""
D<f=;.'. """", .. i.
O<f= ;.'. Mullerian d""t 'j'>1<m
Def« ,;" ~ormonal ,"p ia,;""
Defeeti.'e "", otion nutntion ,

oonnooeo. plo""otal fun<liou
O<f"' til'Cport""I; on
O<f"' '' .'e p""' ..

O<f« ,;vo f<talonotomio:oI
d••• lopmen,

D.ef«ti' e re.. l de' elopmen'
Tran.pta<:ental cor<'no"' ..... .

Obo<,ub l<
outcome

SP. l. nSA, . SA,
'D
SP. I,
I, oSA, aSA. BD
I. uSA. P
I. nSA, P
I, nSA , SCA

P,PM
SP. I. oSA• • SA,
'D
I. uSA. BD

SGA.SD
CA

" , ,nr.. , ,,,,y. oSA• • "l'O'Yr""' Y"0"",, 1 'f'Otll>O<ou' . 00""", ; oSA, . .... rlo '" 'f'On' .... """
0_ , P, ~I< ... t"ri,y; RD, .u,1<_ ..(moIf"""" "",,,) : CA, <OO<Cr. SD• •..,...O<v<lopm<nl;
SGA, 10.. bin b wriJb' for ..,a tienal OF , PM,poot... turi,y;SP.ol>o>omnoI0<t0<tl
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attempt. 10 ",Ia ,e\he obser'1lblo reprodUC1i'-coUlcome:101M m«:hanlSlfIS by

.. hi.;ba~bemicale"JlOlU'" mia:bllCl Ma ny n poou .... mitbl beupccud 10h.....,
mullIplo dfe«s. e~ mfCft,~t)'. feta.! loss.,birt b dde<:ts. and do::-...d btrth
~Imay a U/<!SUbfrom In AFnl.'lticb is 1O.ue1O~ bUI for . ·ltich Ihttl:
is a dilferma: in SUSCl!'plibt~ly 0( lbe molix'r aDdfetus. and m lbe ltrrullJ or !.be
exposures. SimIlarly an alfnl kad"'110 _ic akllOfl11abtK'S"lU .... ub nOl
om)' '" oII"spnDlbon! .t u"" ..>thc~ .bnormabua . bul also In
.m<rtibly aDdf~ 10M.~m, upon !.beS1ap:'1 ..-hick lbec~
nnbala""" ..cas\e11lal.

3 CL" u.-.l P RI;"OCIPL£S Of D" IDL\ 1I0 lOGI C" l
INn :S TlC" T10~

.. ... _01 ~Ia rI '•.-Jean.3.1 De.. n

On< may etI'lSOOlIan tpItlem>oloJic:a1investiplion or ",,, ...,,II••\<, .. fllllu", ..
aris,n,from I lund . OhllWl lW:- ... ·ltich .... call, '~Iwl. .. and an .'.lpOIU",. A
·cluster· ben • populab(Nt appean; In CXPO:no:nt>l',nx in the fr«jumcy of
....... ad ",,"" reproducI"" tMIteom • • H. a hh 'Ulhoril'" may be • .,nedby lho
rommunlly 'lJflf( •. ~. a Iabou, union). by a m phYS;CUrmin lhe .Ift.Of by a
lDOfl' tonng ')'lItem if such IS ,n plac¢. Examp,", .'o uld be: I"" ,ncra", in
pboco molLl 0'* ....'«1 ,n Europe dunn g ,be l%Os (Ta ussiJ, 1962). and lho
inc,-ea.. ,n spont.neous .bo rt ,on "' ported io Oreg on populallOns • • po$fd to
2.4. 5-T (USEPA. 1979). Ii. ", tho .., ppostd ou tcomo ISknown ; lho talok1$ 10
fStablish whot"'" there ate ", al ground . fo r con, id. rin g Ihal _nIDCln.. h..,
occurr ed. and if so. to In.mp t to find lho exposu ", wbi<h mighl be Involved.

An '"posu"" a, i... "hon . populati on i' known o r SUSjl('Cled10be uposod 10
• potfTllially hau rdou s aiOnt. f ....mp... would be lho Se,..... incltknl ,n 11ll1y.
and tho 'TIu'tt l>!llo !J1ltn<!nuelt .. accident ,n I"" US. To this ca5C lho uposun: is
kno"lI. bu l lhe nlnF 0( , ,,,'o<!UC1i'" .nd -po ints whioh mlahl be all'ocled IS001
known .

In pract ict . lbe d,wf1CUOn hol..,.., n a dUll.,. ond an •• posun: may nlII 11,,'a)'ll
be: _i b... SlnDoI"" popu latIOn npo-ri"""", I du.t.,. may Ira,', alrudy
altributed tluf to a partlCUlt, npooun: . n.. =pomc: 10 such a Sltuab(Nt .... y
itx:1udc.,,,'<f1111&J"SInvo!VlD1varyin,arnounts of limo. 1mIllf)' a nd commu OIly
m,"Ol""""'l ...hoellcan be classdicd as follo.'S- In ...."1 1.tud .... ,he m'",,,p,1Of
Tools oa/y at radily _ibk IOUIOOSof dau .• """, lSlin"communuyoontaet.
and the in,... ltpUOa can be:camcd OIItql1Jdt1y. In ..... 111 StlOdlfl full sa"
ej:ckmiolo"alln'"eSllPlIORS ((:aSf<OOIroior cobon) Iff pul '" place. m.-o/v.
in, indi'1dual ootItact "llh lhe popub' ...... and I"" plbrnDJ of_ data On
npoouros 'nd OIItoomeS.T1uImay invol>.. aoqll1ttllllabotatOJY or .. ter>......

<bu. Ot uDlkrt.ak"'l more-u\ODSl'" nconI searcbinl thaa lit ...... 11 h..... "1111
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uudi .. looter term follow· up slud ie, are unde rta ken of a population at risk,
requ iring til< grea t<'$1invtstmt;nl of \lme and money.

3.2 Stu k tka l Consid, ,,, tio...

3.2.1 TIt£ Conupt of S"' tin/cal Po~"tr

A ~on5;,kration of stat i<licol po,,'tl" i5 crne ial to any in''eSligati on of the
hazardou. elftc" of ~lI<micaJ txp""ures . Po~r is a measur e of t"- abi~ly of a
slud) 'IO dtlo<:l an elfo<:l.a nd is drlmtd as (J _ {I) Wll<lCPis lht pro ba bility of
fal50Iya=p,iog t'" null bypothts, s. Po ....." depell(!s upon !be sam ple size. t"­
size oft'" eO'o<:l""hi!:b is presc:nt. and til< level ohigni~nce ....hicb is'ho",n. i.• .
,'" probability of fal", ly rejecting III<null bypo thtsi. (Cohen, 1977). For a given
study. tll<n, on. tan ca lculale for ac~n value of po...'er til< magn itude of til<
elf"'l ,,'hicb is lihl y 10 II<dtl<:cttd, T il< ",gati, " resullS "f a .rudy which has
demon ...rattd no slatisticaUy signilka m effect are best txp~ in a 'po .....,.
' '''lem<nf "fIll< fonn : 'This stud y has 95";. po~r to del<Cta 3.~·fold increue in
I'" rale of coni"nilaJ anomalies '. i.. .. "nly SO;. ofl be time a tru,elftct "fI ll<gi,..,o
.ize " 'ould II<misstrl by chance.

Experirnenlali.t s are mo re accustomed to th inking "f min imizinll tll<ir chances
of fal",ly rtfrcting III< null bypothesis. and may he rigorous in requirinll a
signi~nce ... ..,1"fO .OI before considering the . xperiment lOha"e disproved the
null hypolhts is. Ho,, """" , wll<n Ill( ,o"eotigalion au.mplS to <'$tablish ....he1l1<r
thelC is a ha rmful elfect "fan (:Ilviroomenllli hazard on human reproduction . it
may he mote impon anl to minimize the .ha nce<of missing a 5ignificant effect
An exposed population may not he cont . nt 10 """"i n in an area where an
iove<tigation show«l no significanl effect. ift hete is,till a one in five ~h..ance that a
thre¢.fold iocrease in reproducti,.., pr"b lems has occurred. In lht follo"ing
StcIions. me,bod. of e,perimen llll dtsign and anal}'5i5 " ill becol\5ider«\ largely
fr"m lbe stand point of maximizin g the PO"'''' of the in'"eStigation.

3,2.2 Sampl,Size

Increas ing Ihe sample size is ,'" .implesl way to inc.. ase til< po....." of an
in''CStigation. Hn~ver, $l.udieoof cnviromm ntal txp""""'" au oflen limited in
Ihis respect by the small size "f the expo»od population . This is particularty llUe
" 'hen considering reproducti, ..,eO'",ts, ...·hich ....iIl aO'..,1only a part nfl he group
at anyo ne time, For example. allhouah IlI<re may he 1000 e'po»od worke .. at a
ohemicol planl. only 100 pregnan<:'" may occur durinllt ll< reln -aol period of
study , T il< po~r of the $ludy can he some....hat increa.sodby increasing III<
control lirouP · TIlt dr..,live sUe of acomp;uuon "it h ullC<l....1ifOUPf i5e<lual lo
the hannonic mean of the two groups. i ,e.. n -2Il,n, i(n,+n, ). Increase<
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beyond three-fold in the size of the control popula tion compar<d to Ihc expnscd
popula tion arc not worth the ad ditional cffort.

3.2,3 ~krfjng IN End-poim

The hipr thc fceq",""c}'of an outcome in the unexposed population. tbe !P"at""
"ill be tbe PO""" of the >ludy when sample size is conStanl t, ",11 take a '-cry
much largn sample 10 d=t a doubling of a norc cven t than a fcequ""t c'en!.
Table 3 ilJuSlr.lleSthis. gi,jng the sample sizc neceu.ry to detect an effect of.
part icular ' izc for '"riou, reprodu ctive cnd -po ints.

11 WIll thertfotc be an adva ntage for the in'·estigator to choooe those
reprodU<:ti"cend -points which a ", not onJ}'bioloiK<tlly ", ,,,,, nt to the exposure
but arc lnO't common . The o!>se,.,...,jfrequency of a particular outcome can be

ma"mittd also by increasinll the intensity of ca.... finding. or by restricting the
in\-cst;,ptlon to a sample wbe'" a particular outcome is mo", frequent, Thus.,
chromO$(lmal aoooTmalities a", 100times .. common m spontaneous abonions
as in Ii' " births. SO Ihal a possi ble ,"" rease m rates of non..:lisjunction might be
.t udic<!in abone d fetuses rat her tha n in li\-c b;rth •.

3,2.4 Signifi"m~ u-el

Significa""" "'-cis of 0.05 or 0.0 t art commonly used in expe rimental SitUlltions.
Since w-c will onl)' ",jcct tbe h)'P"tbesis of no associati on if the frequency of
ad,-crsc reproductj"c outcomes is ll"'a tet in a n e,posed than in an unexposed

Ta ble l Relationsnlp of power 10 end -poinl f,cque ocy
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popula' ;on, we can ' -alidly use a one-tailed l... t. In some , itU'l ions one mith t
con' ider "!l int the sit nificanc. Ie''e l al O.10.at least as a lev.l to iooicale a need
for further invesligalion . since I~ uooesirab ilily of fa l.. ly concluding that no
elfect .. isISmay out w6 th the undesirability or falsely concluding than an e/f~t

d".. exISt.
Whenever an investip tion must .. plore a IarllOnumber of po>sible asso­

C"'-tlOns between end-pol nlSand expo>u~.l-Ome of the hypo,hese< 1.. 1<dmay
show stalistically sii"i ficant result, by chance alone , Thu s if one tosts for an
increa.. in threeadverse effects. ,,-ith a 5".; significance level. the chance that one
of lhe lhrtt WIllha" e a ~tali~tically sii"l ficarn increase is greater than 5\ . The
appropria te adjuslmern is to u.. a significance level _' k "'here ' is the desired
le·.-elof significance.and k is Ihe number of hypolhese<lesled (Miller. 19(6), The
nee.. , ily for increasing the significance Ie"el in this kind or situation deerea""
Ihe power of a study . II is alwa}~ ad,i~ble 10 formulal. ,peci fi< hypothe""
con<:erning lhe .x posure 10 be .xamin<d or l he type or reproou<live outcome
which can he rea,onabl~ expected 10ocCur> ~i ne~ fort~ ap,,,,,,ihj'pol~' the
' ignlficanc< Ie"d does no , Ila ,·~!O be adjust"" .

3.2.5 Tk .\fagnitutk of the £jJe~1

The a<lual magnitud< of lhe effeet i' or course nol und« th< control of the
investigator. How. ",r. lhe obse,,~ ."ociati o n will be greal", t if a ll sou", .. or
varial ion irrelevanl lO the association are kept t<>a mimmum . Mis<: las~tlica lion

of expo<;ure or out come adds nOIse 10 the sy<lem and Ihu, deereases lhe
observab le association .

Precise d.l. on cxpo.u~may be ".ryditfieu lt 10 .S<ertain. R. al . xposures . re
likoly 10in"oh'o multiple 10xicagont' such as Iho.. found at chemical dum p sil., .
• nd lhe oxpo>uro rnay vary in lIme •• 101,11•• ,n amounl from individua l to

indi' -i<!ual. Stud.,. may be <arried oul some lime after an actu.l .x po<;ure has
occurred . '" lha ! Curren! mca'U",' of .xposure in air or W" or may be
un lnforma tiv• . (),;;<:upa!ional . xposures may provide better d. ta . but must be
subdivid<d aceo,dlfig to "hlCh parcnl i. exposW. BIologica l elf...,. $lIch a,
somatic chromo>omal damage. incr.... d , ist. r chroma tId .xdtange<. or ot]>:,r
observ.bl .. descnb<d allhi, m«t ing may providem.asures of exposure. bUl lhis
remains to be docu memed A combntal ion of la!>orato rj mC3$l1r.. of exposure
and .n epidemlologic. l inveSligatio n of reproo ueli, '. ou tcomes mighl provide
the strongost .pproac h to lhe prob., m of as<e<$lng reproou<lIve hazard' in
human population~.

Misclassifi<alion of a reproducll\'~ o utcome Can be a'-oided by making the
Ifi".s tlgated o utcome a$ .pecilk.s i. po>sible from kno",ledg. or lhe I)'pe and
timing of the oxpo>ure. Thus if lhe frequ. ncy of c:ond i\lon~ due to now IIOne
mUlation, is 10be In".. tigal«!. one should exclude cases o[Single gen. disorden
born to known earner par ents. and cases of ma lformations larg, l)' beh'vffi 10 be
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the result of in uI"o posllio ning. Similarly, a pat~mal e ~..... ure is unlikely 10 act
duringgestationilstlf.antougnonecanpostulatemechanismstorsuchanenect,
e,ll. substances carr ied in til<:Sl:men at intercourse. Of on work clOlhinll-

The observed effect size can he altered by confound mg variables. i.e, '"4riable'
which relate both to the reprod uctive OUlcomeand lhe chance of .. posure . The
bia' introduced in lhi' way may lead to faulty conClusions. either po,itive or
Mgati ,·e. about the e~istence of an aswcia tion. As an e:<ample consider febrile
illness during prellnancy, which might he awxialed both with an increased rate
of fe!alloss and the inge5lion of panicular drullS.A falSI:associat;on heh..ttn the
drug. and til<:fetal\oss might then he inferred,

Stati" ical methnds such as 'Iog-li~r" regrtssion for discrete data and
multiple linea r re~s;on for continuous da ta w~l control for confounding
variahles and pennit an e.timat ion of interact ions, One may also simply strat ify
tho data for anaJ:,.is accordinlllO relevant variables (e.g. smoking ....omen "no n­
smoking ....omen) aoo u$Cstatistical techniques ' uch as the ManteI-Ha~&2.C1

procedure or Fisher's method to combine the evidence from several stra ta and
test the consi' tency of an effect aCrO$$Slrala.

),2.6 Uu oj Coru:eplioosRmlter '''''0 Par~nls as Voir oj Sndy

One way10increase lhe si"" of thesample is to con' id....indiVIdua lconceplion. as
the unit of study rather lhan men or ",om~. since each individual may hav~

SI:~r,l1 concept ions in the limeund....study. The danger m Ihis approach is thai
concepli ons oflhe same individ ual are more 'imilar than co,""",ptions of differeD!
individuals, and thi' may result in undue "'~Ight being giv~n to the characten>tics
of the individuals "';th the mo" conceptions. who may nol he representativ~ of
the po pulation. One muSI fiTSI estUnate the degree of cor relatIOn among
pregnancies of the same par~t, and compare this with lhe correlation among
pregnancies of dilf~rent patents in the e,posed and unexposed groups . If lhe
dilf~rellCCS are shght, than a considerable gain in power may be possible by using
each conceptIon as a dilT~rent observation.

3.3 uwlI In"estiga tioo: U... of Rea-dUy A~ible D. '.

A level I anal ,s;' w~l consist of a compariso n of the obse""ed frequencies of
reproducti~ e..~nl$ wilh available baseline data, 10o rder to d""id~ "'"hether a
significaDi increase in an ad ..~rse outcome has occurred.

Only ""'lalO reproducti ve end-point> routinely included in 'ital record' or
screening programmes ""II he available for thi' typeof study. In most pan, of the
workl these willconsist of lale fetal loss, binhra te. inciden« of low binh w~ight

and so= congenilal malforma tion' , Ne""bom Or prenatal screening pro­
grammes may also be used when availab le, the lall~' being especially ,"a luable in



£pid<>m",logi~al Appr(J{J~h /l) Hun"'" R~prodlUli"" Fa;"'"" Asu J>menl 201

pro viding an earl y .... ming of increases in ... me kind. of reproducti ve probbn.
such asneu ....l tu"'" <kfect>, In a ·cm.ttr .ituation 1e',,11.tudi .. <an only"", used
if tl><end·polnt und~r suspidon i. a .....ilable in vital record. _ In 'u pos ure'
situations a ....nge of possi ble outcom es rnu" be tested. and lhe>.omight begin
wilh tho .. available for Ie....l l ana lysis.

In ord er w<al<ulate theUpecled f""'luenc:iesoft hoeoutcome> und... . tudy .one
must <kline tbe popu lation at riok. and lhoendelermine thoe1>a""linefrequeocies.
For an upooure situation. thoepopulation may "", defined by choooin g a gi'-en
geographical distance from lhoeexposure source. or a gJ\"tn tnne period of
e.po.ure . For a duw :r SItuatio n the pro hlem is more difficult . a Dd a polilica l
.ubdivision .""h a. a cily orcounty. "' ith common vital.ta tistics rec<>rds , may be
the mo" <oU\-en;~nt ,.-ay to define ,he population at risk .

Ba.. line frequenc:... ma y lit .. tabh.hed u,m g data collected from tbe ... me
pop ulauon before lbe .uspected ~xposure ordu"er. if they are a ,.. ilable. In Il><ir
ab>enee. ,tale or na tIonal .tati".,. may ha" e to lit used , Birth rat ... infanl
mortalit y aDd low hin h ""tight are a ll :><:curately reco rded in tlit United State>by
the National Center for Health Stati' tic>, aDd a""ilable for .Iat .. and metro pol·
itan area. in some yean, Ma lforma tion . are muoeh.... reliably re<:ordedon blnh
aDd death cenificate> . bUI good ha.. hne data on malformation> may sometime>
lit a ,.. ilable from special rejiSt n.. such a' those kcpt ;n the Unlled Stat es by tlit
Qnter for D;"' a"" Control malformation su,",'eillance progranunes (DH EW .
1979). It i. important to compare malformati on data only with data colle<-ted
from a similar source becau .. of the .. rious uDd... ·repo nlng of malformation. in
mosl record s)~tem>.

A Ie"el l in..... t igat ;oo of a dm ter of a panicular outcome "ill a\s.o require an
attempt to , .. rify the reported ca"", through medIcal record, . and a surch for
anefaetual <a~ of an incre...... ""h as changes in refemll pa llerns, tbe
introdneuon of a OI;W diagn"",, :; toohmque. or a change In definition of a
,"ri.able . For example, the increa .. in co ngen;tal hypothjTOidi.rn originally
reponed at the ,ite of the Th ree Mile Island nnelear accident was .ho wn to lit the
resull of the """, nt introdnetion of a newborn .. reening pr ogra mme for this
di .. a..,.

3.4 U, ·,.t ll h,, ·Ht iKU;"a : Epidrm ioiop: a l Fir ld StucliH

If a Ie,..l I in, -cstill" tio n leads to a c1ear-<:ut negat i' ·e resull , proceeding with
further invcst;llation may lit unwarranted . HO".."'r , .neh an in,'CStill"tion oftr n
lacks po ..... to detect changes" h;eh might .till be considered .illOificant by tbe
communit y, and It mIght lhen lit considered wise to proceed " i th moreex te-nsi""
studies wh;eh ,.-ould ha ,.. greater po" ..r to de tect an elfecl. E, .. n if Ie....l l stud ...
pro ,'ided evidence for 8 posi t" .. effect. ful ler investiga tions may be ad visable to

.. arch for ot her end .poi nt> which might"", affected, T lit decision as to when to
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pr<xocd wilt hc ""'de only pardy on "".. nt ific ground" the degree of community
oooo:maDdpclitcal consderauonsalsoplaya largero~.

The tWObasic upenm~n\al des,iJ'S "hich can hc ull;<.!in an ~pidemiolC>glCal

in.....tigation of an a'sociation hctween a hazardou' ~xposu re and reproductive
fallure are th~ <a_co nlrol$'ud y a nd ,I><:<oho" 51udy. In a case~ontrol st udy the
frequero::y of an e.posure is co mpared a mong 'OOsewho experience ,he ou tcome
in qu.. t ion (~j, and those who do not (controls), In a roho" stud )' the
fcequ~ro::y of a reproduc'i." outeeme IScompared among tOOsewho are e'j>OIICd
to the potential ltazard and those ,,'ho are not e.posed, A robo" "ud y mal be
retro,pecti,'e, i .~ . consider those outcOmes which Ita... already lake n place . Or
prospecti"" i,e. >tudy future outcomes in an jd~n\lfied ~,posed and uno. po ll;<.!
group, The ad"a nla gesa riddioadvanlages of ca .. -<:antrol and cohon "udies are
dlSCu$$tdbelo" with particular refe1't1lC.to studies of rcproducti'" failure ,

3.4.I Sample Si:e

When the ~nd · poi nt to be "udied is rare aud the e.posure relati'"lycommon.
~~ontml stud ... ",'ill require a 'maIler sample s",e for the same PO"'" to
detect a gi' ..n ~ffon 'ha n will cohon Mudi.. , The opposite is true ,,-hen ,he
upos ur. ,s ra re and the ~nd·po,nt i< relal1vely commo n. In generaL duster
situatio ns lend themsel' .... to ca.. -co",rol studi .. , a nd .. po,u re situat ions '0
cohort stud;es . but thIS" not necessaril) tru.

3.4,2 IHfim rion 0/ ~po"'Ff'

In a case-<:antro l study tile prese~ of tile upos ure rna}' hc det~rmined by
mter ....... dala. by place of work or .... ,d.""" . Or by objoc,i,,~ m"",ures of
uposure such as chemical anal}.is of bod) ,issu.. or bioassay, such as ,he
iro::idenceof chromosome or spenn abnonnalities, The major disad'-antage of
case-control studies IS that recall boa' must he 'u,pec ted when."e/ the ma)Or
SOurce of informa tion on ~.po,u res cOmes from inte~w da w _R..:all hias refers
to the fact that the ease responses may be ,n1l11Ooo«lby kno" led~ of the
pr=nce of an adv",... ",produc,i,,, outcome. Cases may o'"r'repon exposures,
.. pecially if publicit y about the suspected ". ]>OSure has already occurred, or
cases may simply remember eltj)O$uresmore aceu nue ly than controls. Cases may
also under·report (.pos~res if these a re a~sociated wi' h f~l;ngs of guilt (e,g.
alcohol consumptionj, Validat ion of exposures by othe r method s (\It((jical
,"",ords Or biochemica l tnlS) fOTa tleaS\ a pan of the samp le may indicate the
."ent of ,he problem, ADOther a pproaCh lS '0 use se"" ral control groups,
iN:luding one wbich has experienced aDOther ad,,,,,,,, outcOme not likely to hc
tile result of the same e.pos ure as the one und er inv<$uga' ion (e,g. Down's
syndro me as a control for neural tube d<:f": 1Sj, T ile problem of r..:all bias will DOt
be present in PTOSpec',,-.cohort .. udies, since tile outc om" is not known ,,'hen
exposure 'lO'u, is d"'.nnined. Ho" .. '"r, prospect;' .. studies ha"e the di.. d.-an -
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tage of heing the moste , pensi, .. and lime consuming 10 carl)' oul. Also bias ma}'
be Inlroduced by the ine"i tablo 10... of pal;' nlsto folk",' -up ,

In a cohon .tud}' lhe presence of tl><.'!>OSure is used to define the co mpari""n
groups . This may he don. b}' using groups wilh "",)"in g deg=:s of e'lXI. ure, or
by using only an unellpOSCdcomparison group , The relatiollihip belw... n
.'posures and reprod uction i. comple !!.To he .ffecti , .. an e,posure ma y ha "e 10
occur hefore fertilizalion (perha p. man)' years) or il may ha ,.. 10 occur during
ges' .'ion: it may ae,' hro ugh lhe male pare Dl or through the female pa rcn,. Or
both. Cohon Sludits hI''' ,I><disad,-antag. of r<:{juirin, decu'':oll<about what
nlnge of exposure 1<>include in lhe .'ud) hefort il hegiDJ' a ca .. ..,on trol ",ud}'
""n in"es, igal< a ",id.r range of e_.pesure .itualions,

3.4.3 Dc/ini'Wn oj Reprodue'; .", OU ICOftW.

A cohon Slud}'will permil an im'esl1ga,ion of a wider range "f oulCOmesthan a
case<oDlrol Mud}', Data on "utcome ma}' he "blai ned in a ."hon , 'udy from
in'er,'iew~ . fro m wa l. tal" ,ics or from hospital and ph)~lCian" records. Some
dala, .uch a,'ha ' on infenilily and earlyslXl Dlaneo", abonions . ..-illofle n nol be
3\·ailabl. fro m any ""u rce excep"n tervICw. , When medical record. a", used a.
""urces of da ta on oUlCome. one mu.t be eartf ullo exclude bia.... cau sed by
diff~",n' p<ll1em.of hospital or ph}'sician usc among lhe u posed and un., posed
group ,

In a ","osp«''' .. cohon $Iud),.,...,.l1 bias may ~d to an o' ...... t ima le of the
elfoel of expos ure .• i""" the presence of lhe .'posure may ,nftu.nce recall of
ad, ...... oulcomes.

3.4,4 Sel...,,;oo oj Compor""" Groups

In a ca.. <onlrol Sludy lhe case group and lhe conlrol group musl be chos<n 10
ha"e lhe ... _ Q prior; probabil'ty of e.posure. In a cohort ",udy.the exposed aDd
unexposed grou p mu, t be chosen to ha'"the same Q priori probabihl}' of an
.d"e .... outc(>me. Th u, the m.' hoos used ' (>det .noine e.pos ur. 'talU S a nd
repr <><!ucli'.. outcome muS! be the ,.me for the c(>mp<lnson gro ups_ Also.
,.. riables kno"'n to he associaled wnh bolh outcome and .xpos ure muSl., lher be
malched in tbe comparison groups Orw nt r(>11edin ,he analysis by stra lification
of lhe sample , G ood data arc often a,,,ilahlc concrrn,n g the imponanl risk
factors for lhe ad ...."'" reproouo""e outco mo' undor 'I'KI). bUI lhe dala are
u.u ally nol "" good .o n.. rning I"" associ ation of tbe.. faclors .. ith part icular
exposu ..... Thes.ea.soc.-Ia lions Can be sough, in the data . aDd lben controlJcd in
analy.i,. Ho ....... r . it may bead"isablo 10maleh compari""n """pofor kno" 'n
risk facto," for a partICular outcomo e'-en if an associalion ..-ith e'posurt ,talu' is
nOI known, F(>rexample. race. maternal age and social da'" are Importan t risk
faet(>~ f{)T many reprooucl; ' -e OUiOOn-..s" hich might besl becon lrolled in lhe
uper imenta l design
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H, ~ Mt(JSli~J ofAU«itJlion

10 <:a>c-<:ontrDlINdies lilt mtUUrmlent of risk is tho: 'oddl-BOO '. ie. lho:odd,
lIral 10 iocIividual ;0 the~ JfOUP has hem exposed com~ to I control.
Thus an odds BUG of 2.1 for txary drinkm, th spo ntl_" It>oruoo m<all$

lIrat in the poputauon slIldoodI _" eipt' spooW>eOUSlboru"" is
U tures mo... likely 10 d..".. txa ,'ily lIran is I _man e;qltf1C'1XlD'I Ienn

<kIMry.
In I coho" study. rhr _ ...metlt of ........ Ibo ,",1aU>'!' m"u . lbo odds

lIrat.n iocIi>idlll1 in the e>p<*d poup ..iD up",itna: I particular ouronme,
comp.nd 10 III """'powdIlllh'idual Thus I ...latn~ rill< of 2. 1 (or boavy
drintJD , .. ith spoallDCOUl lbortion mans lIral .in the populauon stlldled I
_man ..-t>o.. I txa,,, dnnl;a ill 2.1 limes ....,... litety 10 ape'"''''''I
SpO.Il ......... lbort>on than ISI _" ,,-t>odoes"'" dnnk.

J.5 wei III : I.oaiIoT... r.......u, la>eHip no.

'The ... prodllCli,~ dl"ceu of chemical hazards .nd the ~Yf , .. Iuoeof
tallontory and cbmcal '*""""1110 ... could besl bo If' 1 by foUo.. 'n, \lP
JfOUPS of ind,..,dlLlls O"'r lbo.. rq>rodIlCU'" period. I( carrcd nul lhrotlp.
contin ued Jl"f$Onalcontact ""lh the subjCCu.such stud ies jnvo l'" fIUl amo\lnu
of time:. nd drol' from the lfI"CSUp lOB. T ic 1>e51eu mple oh .och . study in lhe
field of Jq>rod llClion 11tic follo.. ··\lp of the Ilom i<:bom b SUM'WI Ind the "
ofbp rillj in J.pa n.

Any follow· up study is bou nd 10 incluM I coNiderable JfOup of pl UOnl$who
a ... lost 10 follo"'·u p. I nd it is import ant to consid...- biaS<'Swhich may be
introduced if l uch a IosI is not independe nt of outcomo. f or eu mple. in • $Indy
of wome n a_ rtai ned in e. rly p...gnancy . tho .. ",'ho ha'" an utl y spon ll J>eOul
.bortion ma y no t seek medocal ca... of the .bo rt ion.• nd ma)' no t ...tum to tbe
prenatal cl inic.

lon g.tenn follo w-ilp studies .... &reall)' facib la lCd if record hnk ,n, l ystems
e;tin "" lhat birth . nd dcath cenifica1el,~ rqi m .... ete . can he _rdxd for
• pIIrtlCular ",b,...\. SllCh fK1htlC:l are ""her poo rl)' dc ",lo pcd 11Ithe ueeee
5ta ICS. bu l . ... mueh funher 1d, .. 1XLd ;n Canada a nd ,n many EUrDpClln
ODUDtri.. (Beehe. 1980). It 11tmportl.ntllrallhc CSS(n\1;ll1;l\fOrmlt.Hl for reco rd
Iintiq he recorded for ",b,...te ...ho ha,~ ex~ labo rat ory stud,.. of
exposu SOmaUCdamaJll Or rq>rodUCIiveeffects. so tha I the ,.. \ucof tb:w tnlS
III assess loq·tmD dl"ceuOll ....,.oollCliocl can he evaJu.alCd In lhc fur"", ,

.. STU DI ES O f P",.T ICULAR i1.£PROOOcnVE E,,'I1l). PQ I;>o'TS

-u Wl!l'tllil ,

Infcrtility ill • ",IaID"ty da/lif;\lb: OIl,a",,,. r.o"""'IIpIC ~p:::aUy.

~nbe\ess.. thIS bas hem • "pcnw oulC<lCDe of I. 24ibcomo-khloro-
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propane{ D BCP) exposuttS t1l mtII{ Wbonon r, aI.• 1917)a OOanaestbetic: p.sn
,n "-om<1I{KruU-Jon<snGl,. 1912) Inocm>ee&lC:lsuebu It..~re to DBCP
!be OUlOOme"'U sullic:ienlly dlamltllc to be reoopuzed by ee popu latM:>n'uelf

f enili ly ma y be measu m1 ~enoddyby It.. number of b,nh< ...·bIeb OCC\lr10
all' ..... popu la tM:>no~... panicularperiod o(woe.. If inlCro.... data area, .. iIable
ID a k~1 II otudy. one can use 1.- taken 10 roD<:ei'" duntl l a pe riod of
unproteeUd mtel'COllnCu a measure 0( fertilit)', TbI: lim mouure doesDOl
dll ll...., ah be\ .. -em IoCtUaIfailull' 0( COllOI"POOfIaOO ... 0(~ u
1p00taneous abortioDs- T1lesecotld _II' ."*Is Uus l"obI<m. ucop: for
u.e.e~ ..1Iic:b le1'm,naU 10 early as to be unm:op.izled

Pareotal qe, .-., . soetal class. 1I'hp:Ml.nd PR"'>OUSreproductive IIOsu>ryare
.n cmpolUnl d<it11ninatIlJ of fmibly w1lodl ba~ 10 bo taken into IIttDUnl 'u
da.p.dIl or anal)'inl a lIudy llS'lIJ llul eOO-pomL A ax-ronuul uudy 1ISt1l.
IflfmilJlyu lI .. ad >,... ...·plO(hocl"~OGlOOnw oq!ll roIko Cti<:S UllUl mfenilily
d'lIII: . and con:tpare exposure raleS " ' i b a COIIuullfOUP

W1uk lbote are stl"OllJ I'alOOS fo r _"""I thai abDOrma~ties of 5p(na
COIlOI. mo rp bolol)' aOO motilily may correia", "1m ma" infeTl~ 'ly. OfIly
azoospermia Dr ol~rmia can .1 It.. momen l be eoosid <rod equi' ..... nl 10
,nfertillty ,n men.

4.1 Spoool_ Allortlod

Spon taneou s ab<>nion is 1M moll COmmo n eve nl signifying reproduct, ve
d ysfunction, Abo ut 15"1.of l"I'Cog niud pregna ncies rnd ,n spo nlO"" OUSabom on.
defined Mre as lermination of pre lunc y at Ie.. than 28 weeks geslaltOn . The
incid ence of ear ly loss (before preg nanc y is l"I'Cognized by lbe 6m missed mcnses)
iso nly be linnin g to be explored USin' lbe hu man chorionic gonadotrop,n (bCG)
USlI)lt ""Web can diagnose ''Orr early pre gnancy. A """,nl ,md y Ofl ima ted 1M
rale of such «rJy \o$s to be about theSlImeas tha t of recogniud abo rtio n (Milkr
r, aI. 1980).

Data on IpOntaneo us abo ttioft s can be OOUIlm,d from so,,, .. 1source:s: '''tal
oenificaleda ta. hosp ital r«ordt . physICians· records and inlCr>... ..·data f t'Onllbe
woman Of M r mal< . Vita l oeruticate data &,.,likely to be very poor fo r
pr1tpulncia Imrutt>lUII l under 20 ..~ks .... ·h ich IS Ibr lime .. hen rq>D<UII,of
fr:u.l lkalhs ISumalIy .... odate<l. Hosp'U1land ph)'1,,;"W1 records ..iU no<a>ntalll
mfOftlUlllDllon lbooe opon la""", .. &botUonsror..-bleb medicalallentioll "U no<
aouJhL ..1Iic:h .. ;o IOld 10 be I~ earbeIIin leolalioll. TbI: pa lllml of uk' 0(

medical ser>ice:s is likely to '"&r) ' IfCIlly belwu:o commurulJOS (e.&- rural "tJ

wball )aod bo l ....... _-.:oDDm.: VOUps. ld~ . of fin l lrimes lCf SPOlilaDCOUS
abortJons reportal to UlICro-.e-.ltUl a N~w Yon Cily lIudy. 1>0 medical (&.I\' .....

IOUJhI (J. K linr . pt , ....... 1eIllDfflllruc:auonj. TbI: tlIDSlcomplote ilI{onIIII.\ioII 011
spDDtaDl:Oll:5 abortiools is likd) to come (rom 1IIIn'w.."1 .. "t.h , be .._

ilI>-"h'lld.ahhoulh t.hiskillllof ioforma\ioII.. 0( coune SUb;ecl1O reaDbias. atid
erron to .. If-dja~" n..r.... somee-ldmee 10 .... ""1 thaI malCfm.l reports
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are "'hable . ,n thot llltl' ,re IlC'"",,U) comPl'tibk " i th d.1ta ,. ...'lable on tilt
obstet rical rttord IKllIlr" aJ, 1911l)

Kno,, 'n nsk faeton ·hochlhould ~<:on.. kml in lilt 'nIll)IOI or IpOnl.l.n~
.bon>onJ ,re mate 1••. pre...o", 'J!'Onta"""'" abortio ....., muluple pre. iouo
IlIdllCc<l .bor1l01lS. social claM. maternal m><>kin&.od .....t""""l ,~
comumplJOn.

An iDcrca>cm tilt rate oltponWlCOllt abortiorl. bas been S<lanted10 «C\lr

afte r e-", 10aAalmbruo:ptet (rho ... b ~l til .. 1971)•• n.. CiP'*lre 10 lead
im<'lters ( I'Oflbtrolll tI (II .. 1979al'od af'Cr ""lemal <:lpooure 10 ...n)1 chlondc
(lnf.nte ~l til .• 19161 ' oneor llac IUJdict ..» n~' controUcd

51'0011. _ ," abon>onwill be """'I ..r...--",,, as an md'1JOl'll f....twd ... or
ernironmcnl.l.l Iazardo ...Iom ,t io fntlhor clalSl6ro~ 10 fClotauon..
patholoP'l1 dr$npuorl .od cluomco.o_1 ,UlU.. D. u on tho Iat~ ''''0
f""I""'" 11req~ ~ proccdwa for coIb:uon aDd e>.&lIIlllollUOD01
opccimc od for CIlltunn. f~11UUC forchm....,.,.,,,,,,,1anlllysd.. Aboul balf 01
,D fin;t~ .1Ion1OO1.nd.boul one-tluni of aDtpOIIllInc<IUS.bomollS up
10 28 ...-cd<J . re chromoioman ) .bnormal ( \\.rburton~, al.• 19801. \t~ than
\10". oI . DchrolDOKlmaD)' .bnormal COl'lttPlIO""end in 'J!'Onl.l l\COu$ .bonlon.
50 tllal if one 1$ IntC1'Cltcd,n id<1uif)lIl' facIO", " 'hi<h lro:n'.lISoethe rate ....
chro_mal .nomabe> luch • • Oo><'n', 'lOO''''''''.1 t<1lll. far ft><er prq.
n.OC1etnood'0 be eUffilncd ,f spon'.n"" u, .banio .... n"""T ,lIan "'nil binm
. re u>ed. In moste~ popula tion. of mode... te liz<:lhere" ,11be no cha...., of
ol»<:"" n,.t i&Ilificamincre.se ,nchromooomal.ooma lioi . t lenll . I ' ...., 11"ould
require .bout B,OCK) ~Jnltnci<1 to detect. dou bling ",th 8()' • po\\ er.To de,cet
'he ri.. in ,"" oncideno: of Ipon tanN USabort'on whi<h would accompa ny
a doublinll '" the frequency of chrom ""'m< .nomali e>, onll abo ut 900
pregn.nci es " 'ould ba... to be e.. mined. and only .bout 200 a borl uSC$koryo
'yped.

Of ,"" chro""""'mall)' nor"", 1 spon ,al\CQU$abo n ;o"" abou , half arc
morphologg.lIy abnormal. ~ " her grOS>ly so. IU"", hnll a fa,lu", ,n VCr)ear ly
de." lopm<m. or ...,th focal at>nOrmahheSof.he kind ..... alt<1lll. C!ats,lkallon
of spec,,,,,,,,,,may thus pro. odeinformation .bouttllt """,balllSms,n>ol>'cd ,n a
riot tn """, 1.1_ abortion of chro"""",mall~' normal f~lu,".

t. J CMgoPailal \ lalf_ ....

O:""~1.I1 .... lforma~ much leu common thaa 10" blnh ..~t.
mfC1tJhty 0< lpOal.l_ .boruon. The ...... 1esUlDl.tcs .... tbc freqllCnC} of
.... jor malfot"lDal>llnl tn lerm btrtls is 2-1" 0' Ho~-.er , .h>t il. rcproducti ...
oulmmC ...hoob" P«m>'ed by the f.nubcs u.-'Oh'ed .. ....-r)~ .. ud II •

tho _ """t1~ tn ICrmI orhcalth JnOUfOCS ttquJ1cd 1O<::onfor the childrc1t. II io
aloomon:......1y '1Ilblt to tho populauoa at!arF!han lhe other CDd·potIluo.• nd
100. the one _ kl.ell to be ...poncd .. a c10tter
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SlnC(Cfctal malfon Mlio ns arc about fiw times as common in spontaneou,
abonion, as In livebirths . tl><y a" apparently ",1""1e<!agairut during gestation,
GrealOr pown to detecl an increase in malformations '"auld occur if aborted
fetu>e~ rath<r than h e births were ' tudied: ho "''' ''er , the increased difficulties of
ascerta inment of material. and the lack of individua ls trained ,n the e""""llat ion
of f",use> may outweigh this advantage.

The ra rity of individual malformat ions usually makes it n""essary tocla" ify
them in $Ornev.ay into meaningful group' . CIa.. if)'ing by ,he 0'V' n ,)~,em

invoh'e<\ i' con'''n ient. but doe' not generally achie"e any aetiolog lCalsepa.
rat ion. CIa"ifica' ion into malformation' due 10 chromo>omal imbalance. mal­
formations due to single mutant genes. malformat ions due to known en­
vironmenta l factors and those of mixed or unknown oriiin may be the most
helpful. Thi' will generally r«! uire more deta iled information than isavailable in
a Ie"el [ ana[)'sis, Othe r u>eful methods of cla" ification might invoh" grouping
the malformat ion' by the developmental Slag. wlien the anomaly originates. or
by th. embl;IO[Ogjca[pa thway which is disturbed, Informat ion about tl><
pathog enesi, of mo,t human malformat,o n is '00 limite<!as ye t to make thi'
possible in moil case'

I"" reased rate, of ,pecific malformaho n, ha" e beon definitiw ly shown to
result from materna l drug ingestions d uring pregnancy (' .g. thalidom 'de.
ant icom-ul", nt>.warfar in). and some ' tud,,,, haw ~uggested increase' due to an
.n , ironm. ntal<xpos~re $uch a, anae'lhet ic 80"" or I.ad (Pharaoh et II!.. [977:
Nordstrom et Ill .• 197%. b), In general one might expoct spocific pallern~ of
ma[forma,"on•• forming a ,yndrome, to occur as a result of mIlle'lUll exposu,e
during geJllllion. while rather di,.. "" .ffocl.<Should occur from gel>elicclulnge<
induced by exposure of eilher parenl before conception ,

Ma[formations are genera lly re<:ordedon birth e<r1ificat... . in ho,p ila[ rttar d'
and. in so"", areas. in regis'rie•. How"",r. lhere is usua[Jy a serioui under·
reporting. al lea.1 in the Uniled Stal"' . It i, therefore important that the
comparison groups in an epidemiological .tudy of malforma tions deri'" their
informal;On by lhe ",m. mcthod of ascena inmen, . In a b",1 11 't ~d}'

.""m ina tion of off,pring by a lrained d)-imOrphologi>l. preferably blind to
expos ure ,,..lu, oflh e patient. "'ill pro"ide lh. grea'es t ability to cla"if)' lhe'" by
a. ho[on · DiagnO>lic [aboralory studi... ' uch as chromo>om. st Lldiesmay a[so
be built into such a 't ~dy, Regisuie, of chromosomal abnorma lilies. al
amn'o<:enle,i, and in Ii.... birth. may pro, i<!<good informatIon on Ihi. cia" of
birth d.focu in some:area, (Hoo k. 1978. Presco{l et Ill .. 1978).

The frequency and type of malfo rmations are related 10parental race, age and
s.ocia[cia... as w. 1la' lhe >ex and age of lhe off$pring al examinal ion , The
frequency of d<lOClion of $Orneanomali'" will increa", with the age ofl he sub)OCt
(e.g. congenital hean dis<:..... ) but lhe frequency of other anomali'" which are
lethal ear ly in lift (e.g. neuraltuhe def""ts) will docrease. An lhese facIo,",m~st be
eonsidl'TM In tbe analysis as possibly confou nding variabb
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4.4 Birth Weigbt

Birth "~igl!l has man yadva nlageJ fo>rose as a mea,o,..,o>f ,..,prooucti"e outto>me.
il i. roul in<!y =o>rdM o>nbirth certificates and hospital record. in mo>,tpar" of
III<world, and i5 thll5 amenable \0 level I analy.is , When co>mbincd wilh an
eslimatc o>fgestatIon. one can distinguish the babies 'mall only because of
p,..,ma turity from lhose mlall for geslalional age.Abo:>ut 7"1.of American infants
a ,..,lessthan 2500 grnms al birth, and low birth weight isstrongly associated wilh
neonatal death rates , congenital malformatiollS. developmenta l delay and
chromosoma l ano>malies. It i' al'o kno""n to be a .. rn;iti", indicalor of maternal
exposures ,uch asC1ga,..,uesmokilt$, An increase in low birth "''Clglu mfants i.
the best dflCUmented eff";:l found a l the lo, 'e Cana l dump site (Vianna, 1980),
and in areas dose to lead ."",ll e" in S,,-ffien (Nord strom 'I 01.. 19790),

Materna l age, par it}'. aoo race are other known ns k faclOrs, "hieh must be
considered as possible confounding mriable" Although birth w~ight may be
classified into weight catego';"., or simpl}' as low, noml and high for
gestali ona l age, lhe . na l, . is will ha"e more power if it is used a, a contmuo u'
variable.

4,5 Childhood C. neer

Transplacental carcLnogeneslS. i.e. cancer caused by an environmenta l agenl
which crosses the placenta during pregnarn;y, may be considered an end-point
indicating reprooucl i'-ed,.fu nction. Childhood Cancersare rare. but such effects
maynot be limited to cancer occurring inchildhood . Theorelicallyany agent that
can cau.. cancer in adult<and i. known ">cross the placenla may cau« Caneer in
the offspring. Since the latent perioo for carcinogene.is is oflen long, this may be
a ",ry difficult effect to detect, especially if lhe cancers which are induced are
among the mo,1 common varieties, To date there art two known tran,placenta l
carcinogen. in man, diethy1stilboesterol (DES) (aswcia ted with ,,,gin al cancer,
Herb<t ., aI., 1977)and hydantoin (a'soc iated with neurobla' toma , Allen n al.,
1980), Both tn... are uncommon effectsof e,\>OSure,bu t lhe rarity of the cancer
in III<CU$<' of DES.and the ilSSociation wilh a .yndrome of feUlIdof.,;:tsknown 10
be the result of a .pecific environmental agent ;n the case of hydantoin. enab led
the detect;on of the effect.

Transplacental carcinogenesis can be in,·.. tigated by case-<:ontrol studies
wh<:na cluster of rare lum ours i. ob:served (as ""ilh DES). It could also he
investigated prospecti"ely in a cohort study ""hen a $ub"antial proportIon of lhe
popula tion is exposed . by using ident ifying ",forma tIon from the children to>
malch lhe data in tumou r rtgist ri.. . or on death certificate<.

5 CONCL USIO :-':S

The epldemiological approach to the $tudy of environmen tal hazard' i, not jess
sophis ticated than the laboratory approach, It requires careful plannin g.
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au,nt,on to statin ical and melhodological problems. lrained P'<BOnnl:l.and a
clear und,rs tandinB of the bioloBY of the Silualion . Sludi ... of ..,producti ....
d)~funclion in .xposed populalion. ha .... special problems:

(I) lhe'" is a gteat ", riely of outcomes which mighl be affected;
(2) lhe.., a.., t11= possibly .xposed person. in lhe reprodu cti, .. unit -mot bor.

father and off.pring.
(3) populations invol'-cd an: hk.I)' 10 be .mall;
(4) uJ'O'un: . talu. is dilli<:ultto define; and
(5) publicily .urro und ,ng lhe in' ....ligat ion may lead 10 biased report ing,

In lhlS rtpOt l .... nove tried 10 describe lhe nalun: of these problems and
indicale ""Y'in "' hich they can be ciTCum,..nled.

The id.alsludy " 'ould includ. laboratory method. ror n:llning lhe informahon
on oulcome (e.g, sperm analy.lS, chromosomal analysis of abo ned f.luses) and
on exposures (e.B. biocbcmical 1•• 1•• b,oassa y. in man or Olher organisms) ,
How,, 'er . lhere is no subslitul' for the ep'de miological approach 10 vahda te lhe
p.-e<!icl".. '''lue of Iaboralory 1... 1S or ""uhs in e>perimenlal animab for human
reproducli' .. performance .
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C 19lI) SCOPE

Laboratory M ethods f or Evaluating
and Predicting Specific Reproductive
Dysfunc tions : Oogenesis
and Ovulation

Do~"lD R. M"rnso s and GR1FF T. Ross

I ' .' T ROD UCTI ON

Normal female reproduc tive fUDCtioning requi"", the .u=~ful compIOl;<>nof an
;ntesrate<! seri.. of e"enl> beginninl\ w;lh oogen<:sis. continu ing throullh
o,'Ulalion and corp uo luteum function. gamete transpor t. endometr;al dc,,,lop­
ment, implan talion. embryonic d", ,,lopm ent. pa rtun uo n. and ;. CQmpleted with
lhe sexual maturatio n of the ne",ly forme<!individual (Figure 1). As mo,t of
tllese blolollical processe' are complex. in"olving multiple 1e,,,I.of both local and
'yotemlCcontrol. 11would indeed be ,urp ri,ing to find them ""i>la nl to ad'''rse
,enobiotic effect•. We now know tha t l11ere arc .•cnoh'otlc expo' ures (occu­
pati onal. drug. or en,;ronmcnt al) "'hich can ad,,,...ly aller many of the
biological proces,., in'o lwd in both male and female reproo uction (Nowburth .
1975: Amencan College of Obstwician, ond Gynecologisl' . 1976: Scharoein.
1976: Lucio" e, al.. 1977: Symposium on TorllClOrga n To>;cily. 1978: Hunl.
1979: Heinrich> and Juchau. 1980: Sheparo. 1980: M anison. 1981a, b)

Prospecti,.... pen menllli demonstrauon lhat som, "nob iot;" agents ad", ,,,,,ly
olT..:tf,n ;ht), in human s ;~ Mllller ethically nor logisuoa lly pra ctIcal. How., ,, r.
the occurre""" of reproouot i" dysfunc1ion as a side elf..:t of certain drug
therapies for aff""'ti.... d;soroors, sei~urc disonkr~. $Om, ;nf""'tious d~aS(S.

hypert.n"on . neopla,,,,, . and radia tIon therapy ha ,.. pro,'ide<!indirect evidence
that xenob,o tlC<oan t, mporan ly or permanently ad",,,,, ly aff""'t oocy~ or
follicle number. follicular growth or ovulalion in ""omen. Moreo'~r, in many
,notance<, eff""ts on human reproduct ion might have been anticipa ted on the
l>as;~ of r«pon"", 10 lhe,. agent' in animal model ,y.tem. where pr", pccti, 'e
\Ci,ntifit;all)' 'ali<:!C~p'rimenlS a,. reasible.

A, in loxicology. in reproductj"e biology the ph)'siological mechanism'
involved art ccmocx am speciesdependent.To assuure jmeracnon bet.....een
loxicologisll and reproducti"e blologi,a we ha"e provided several general
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RePRODUCTIVE CYCLE

•

Fi..... I Tb< ,opro<!"e"". <)'<1<,<pt<OeflIJ' ~ ".ubne
of Ill< pbysoolopcal "" ,,, ••$ -..a ' l in mooI mammalo...
'1'0' ''' <.... _fu1 p«>pap u" n. (From Ma' u..,.. . 19111.
" 'u h l"' , mllOlOn)

,.f.,,,,,,,,,,d<abnll " ';lh , tp ro<!..: , i"e biology (Van Tiertllov..... 1968; G ' tt n. 1975:
Zuckerman and W'l r. 1977: J"ocs. 1978. V. n and Jaffe. 1978; Ross and Va nde
Wid e. 1981: Wh'l longham and Wood. 1981) and toxico lOllY (Cua « ll and
Dou ll. 1975). For limllar rearons... >'eral pertin ....t rd".renc <t on murag ..... s;1
and can;;nOllenesil are also included (Gold>!ein ' I "I.. 1974; Sea'I<. 1976;
Brooks. 1980; Gelboon. 1980). lince ag.ms affeclin, pmc tOllencs;l. 01" lhe
gamet•. are aloo pot lial mu ' a nd carrin"ll ""s, In most <;U<J ",," ,,'ill «f.,
to l'CICC1Il boob or ..,....,1 nnh than [he oriJdtal uttcles. Thl i p,,,,ida
economy in spJICt' and informauon retrie>-al.as " .. IIas a br.-de ' penp<ctt, .. r",
in[¢ttSI<d retdcn

1.1 PllJ»uloPa l C_ '/ ,a no-

foll£le complua aR III< basoc structural and ftmetinDal compoomll of
mammabD o>'aJ1eI.,ndudln. hu....... o ,win "iuc:h ,,-.ubodac:nb<d bcK T1Ie
celJalar I gllCDUoflhac: Jln,Il;'lrun COIISU' of an 00<)'" aDd p:aDWosaulls
<tJdoocdby a basa.llllmma ""hochlep#ales lhac: oolh fm'" adpoeo, \JI[erR'[1l1
(lbeaJ) cdlJ.. blood. aDd l)1Dphabl; v<sscls. aDd ",pparti~ w ...... oriIJ(Ross
aDd Schreiber . 1971), The 00<)1< is 'Il< <SS<Dtialcomponcn l of thtJ comp... ..
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'ince follicles either fail to fonn until oocytes appear during fetal tife or
degenerate when oocyte, are desuoyed postnatally.

From the time that follicle comp!<cxe,appear durin g fetal Ilfe untll the}'
di$llppear after the menopause. small aliquols of lhe extant populatIon begin to
grow, Some cells undergo hypertcoph~ (oocytes and thecal cdls) while otbers
undergo hypecpla,ia , hypertrophy. and functional differeDliation , Prior to
pubell}', Ihi. growth temllnates in follicular degeneration. called atresia and
chacacteriz<d by deal h and degeneration of oocytesand granulosa cells whIch are
replaced by 6brOlls tissue, and b}'dedifferentiation of thecal cells (Peter$ er 01.,
1976), After puberty, atresIa persists but in addition, one follicle ovula tes wilh
nt rusion of an oocyte followed by tcansforma tion of re,idu al granulosa and
inlem itial cell' into a corpus IUleumduring each menstrual c}'Ole.

Till. sequence of e.'t nts leading to ovulation depends upon pituitary <eeretion
of ad<quate quanti ties of the gonadot ropin" follicle-stimulating hormone
(FSH) and lutClnizing honnone (lH) (Figure 2), These hormo nes are secreted
in pubes which reflect pulsatIle secretion of at least one hypophysiolropic
hormone, gonadot ropin- relea,ing hormon e (Gn RH), by nwronal cells III the
hypothalamu. (Yen, 1978). Tbe frequency and amplitud e of thew pulse, are
modulated by sex steroid hormones. oestrogens, andro gens. and progesterones
which aCt on pItuita ry cell' 10 modulate responses 10 Gn RH, and J'O", iblyon
h)'llotha lamic cellsas wdl (Knobi!. 1980).Within a <}'Ole,change. in blood Ie,cls
of these sex steroid hormones refloot lhe <eerelo ry activity of either the follicle
de' tined to ovulate or of the corpu, luteum which 'ucceed$ it.

Sex steroid hormones produced b}' follicle cells responding to gonadotrop ins
act locally to mediate the stimulating effects of 8Onadotropins on folliclegro"'th
and atresia, in part by pallicipa !ing in the induction of membrane rte eptor> for
gonadotrop ins. More", ..r, the hormona l composition of foll;cle ftuid appear> to
be a reflection of whether a follicleovulates or becomes atretic (MeKnany , 1978).
ManIpulat ion of the biolollical actio... of bo th gonadotropios and >teroid
hormones in follicula r fluid has been shown to influence number. of foll;c!e:s
ovula!ing in response to endogenous or e>:ogenou, gonadOlfopin$ in rodents
and sheep.

In addition to modula ting gonado trop in secreti"n and mediating 8Onado­
trop in effects on follicle gro,,'th . atresia, and ovulation, sex steroid hormo nes
<eereted by the dom inant follicle or the corpus luteum coordinale the functions
of epnbel ial cdls in the gonaduct' . uterus, cervix. and "agina !O create an
environmen t suppo rting gamete tran$port and fertilization , implantatio n of the
'j'gote, and maintainance of early pregnancy io fertile c}'O!e:s(Ross and Vande
Wiele, 1981). Conseq uenlly. infeni!ity may resull when the function of any
component of the hypothalamlC-pituitary---o_acy-genital axis ISeompromi.ed ,
More dramaticall} '. dysfunction rna}' re.ult in amenorrhoea . either primary or
secondary .

The de; elopment and use of radioligand bindmg assay'S to measu,..
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JODadotropons alld. leS Did hooDIOOlI.,In blood opa:imellJ collcctcd in boIlI

lht bas:al'talC and fOUO p~IJCIJ pmurtaUoD hat madt 'I poutble
10 ,klO1mnw the Io<;u.tof the fl1l>CUOClllc:omprocrusc(Ym .lId. J-a-t . 1971).
H.... "' ... . ,I 'bould bo pllmled wi WI fli llCUQall C<Imp1'OCDise.,•J1~ 10clIt
maybo the 6Dltoommon PII"" ..y fortl<pRMltll rnportVS <0. \""""y or"",,1It
mdud.u>, upotU .. 10 unobiOlil: ...... IS. IUCh II dlUp aiven II lhen.py for
dccu.e disoI'den . '"'P'''- or b~l'C"oDtioIl. Qua; 10 lIoew:rrlIbOftfhrpt .''e
been 00'",.,«1 from dIU'~~ Rudiel or from lon,-term follo ..... p ol
pal>e1lU.......,,'IIJehemoll ..... py_ Mono ' ... . lbcK dytfUllCti......... y bo :anll_
elJll,ed .. her>."1',lIr cbtorden ... ol!scr'Ycdd unllJ preclinial testin, of I~

I gm t> in anll1l&lI.
H"",,,, 'eT. daL. "-rib,nl frequcncoes of dysfunction I I the ,.. rious Ioc1 ,n

human populallon a.. ,nld «!u l t. for monnoring feCUlar,,,,Ddsin incKlt-noe.
Indeed . 'ucll dala ha ve rarely been sou8111 in dlUi ,urveillance sludie1.
M = v... mosl ", prod uctive di50rd.. S . .. not ·reporta bl.· di"" ..... lhe in­
d d.""" of whIChis moni tored byd~.rtmcnu of pub lic hea lth, A.a result . lhere
are no adeq uII •• pKlemioloKical data by which increased incidence of lhe$e
disa""' rl m'ah' be pe,,:eH't<! amont womcn ;n..,h-eMendy ellpOK<! 10 un·
Wlpe<:tt<!<o.IDS ,

As nott<! .bove. , ''''' ooc~,. is O$StOIJaJ (or ,''''' suI/aural and (unct'olUll
intt pily of \hi: rol~1e comple>.. In lum . fuocllonal,nlC gnly of \hi: comple. II
e:ss<ntJalfor rtJlIllun, h)"pllIhall mo:. PlllI'lafY. and aerulaJ ltact functlOlU
colliot:ti>'eJy reqwred for roprndllCtlOa 10 PI""""'"...",..Uy . An y DC"IOOlII..... ,
"""" ..-h.::h IlIJlIf'O' ""'" dnttoys 00<:)_ or altemall\'d) ao:tJ klCaUy or
s)'Sl£ll>Qlly10 IlIlC1'fere""m follJ;le f\lDl:tlOll""PObit .xper:ud 10 coonpoo.­
reproduetoon. TItefqlfndllCl1''eCUllS<'QuetICft~ mmu.u> ~nmtlllS ol
naI\In ,n ..1locb folhclel fail <0 form. ... dcplelcd ptematlI rdy or . lhoup prelenl
m normal OllJllbtn fail 10 f\ldCU"" Dor1lIallY. vahda,. lbesc~ The
elinoc:aland Iabomory COl'TdatesoClbeoc abernuoDl . snmmarWd UITa ble I,
pl'O'o'de ,he basosfor ow-~on of """hods (or Iat,n, for ,''''' adverx eWaCII
of ebcrruc:alson OOIC'to:SiIand ",,,lal i,,,, .

2 THE DEVELOP ING OV" R\ '

1.1 OogtllM Ind "olliek Diff<'tt1lt"' tioll

2. 1.l P, lmordiol Gtr ", Ct ll.<

00 ll"1'l<$I' bqinl t arly in embr)'onic d.velo~nt ...,, 11differentiallon of lhe
pnm ord ial llffm ~J1s (Z,od.nnan and Baker. 1917; Hard"" y. 1978). Allllouah
lilts procelS is nOi weU lIoo.mood in ma mtllllls. u lmpo lallon from luI>­
mammalian speacI IUlIll"SlS lbe informallo naJ a>nlrcults (semunal dtltr·
milWlII) ~nl ,n ,''''' marwe OOC~1e conwn ,''''' mforma.1ion ncceuary for
pfimortIiIl':rDl celldIlfertlitiation alld.~lIOII from so..... l'.: mit.
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GAMETE PRODUCTION
GA M tTOG,~, S,S
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a c
I \

The primord ial germ c<ll<do not form m the region of the pre.umpti,,, gonad
but rather dHfereDli.le e,ullombryonlca lly tn the wall of lhe yolk sac (Figure
3), Tlu-ee mechanism' are used to bnng primordial germ cell' into the
urogeni tal rIdge,

(1) dilferentialgrowth of tissue layers in the conceptus pia"", primordia l germ
cells in the hindgut epithelium:

(21 the primordial germeel!>then hegm act" ,. 'amoebo id' mo'~ment loward lbe
urogenital ridge,

(3) chemotact ic facto rs elaborated by the urogenital ridge are rc<pon"b le for tbe
final $Iep in popu lation of (he pre,umpli--e gonad.

DUring paiiSi"e .nd aCli"e mo, 'ement of lhe primordial germ cells into the
urogenital ridge, mit<>Se$of th= cell' occur. Increasing their number 10
approximatel; 100-1 000 in most mammalian .pecic<.

Identificalion of p"mordl al germcell, i' fac:ilitatedby virtue oftheir size.hemg
larger tlian surrounding momal cells. and distillCuycnuclear 'taining pallern .
Additionally. after differentialion. primord ial germ eel!> acquIre a lIllIrked
alkaline pho>phatase aClj, ily al lhe plasma membrane, makinll thi' a suitable
$la in for In.ir identification , During passive mo~ment and afler taking up
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"'s>den"" with, n the OYa r)'. the primo rdial germs cells ha\'e a rounded or
elipso ,da l ,hap< . Du ring acti"e moyement !>",udopod ia can be ident ified. As Ihe
mammal ian primordial germ cell is m onglyd~dent On surrou nding stroma
for metabo lic support. frt:quent asso<:iatious wilh 5tromal ""II, a", ",en borh
outsid e and inside the presumpti"e gonad .

Although fa«ors altering mammal ian pri mordial germ ",,11 differemia tion
ha"e not been sho wn to prod wc .-cproductive failure. deslr" ction of the germinal
determll>ant< in submammalian species will prod u"" steri lily. Simila rly. In·
terrupt ion of ch=o laohc signals or primord ial germ ""II access to the
urgogenital ridge produces Olerilit}'

The factors cont ro lling primordial germ ",,11number are not KnOWTl,P.~ nia l

destruct,on of p nmordia l genn ",,115increases the mitot ic rate of the remaininll
",,11,. produ cinll par tial or comp lete ",pop ulation of the gonad (Ma ndl 1964:
Felto n c/ al., 1978). Mu rine model$ wlIh defects in primord " l germ cell mitosi'
ha, .. also been ident ified and result in «:mi· Or completely stenle offspring

2.1.2 Oogonia

Oo gonial diffe", ntlation an d o\'a rian cmrn-yology are inlimatel}' interrelate<!
(HatTen. 1977;Gond", . 1978: Mercha nt -l ar io' . 1979), Shortly aft... pn mord,al
germ ""U, are first seen in the llermmalep ithelium of the urogenital ridge. this
coelomic epithelial layor begins I" pr"li forale. sending oords of epithehal ",,11,
and primord ial germ ""Ils into lhe medullary regIon of lho g"n adal an lalll'
(Figure 4). This int imale relalionsrup "'ith epilhelial cen,. and association with
mesenchyma l cells in the medulla appea r respon$ible for oogonial
differentia tion.

The differenl iation of oogo nia from primo rdial germ cells is signalled by
mo'p hological. histological. and functional changes. Oog onial eel"a,e rounder
and appea, meta bolically less aotl\'O than pnm ordi al genn cell•. The oogonia l
cyto pla,m app<ars 1.. , dense than primordi al germ <oils because of a decrease in
organelle. , Oogon ia al'o 1050 lhe surfa<o m=br ane alkaline plio. phala",
achYit)' asoociated "';th p,imord ial germ <oils.

After oogonl a a re fo'med. they begin to p,o lifera te in a man ner unique to
gonial cell'-""i th multiple intercellu lar cytop lasmic b,idges, Simila' intercel­
lular brIdging, obse rved d uring 'p<, matogonial prolife,allon, i$ thought t"
explain 1M simul1aneous init iation and p<\s.agethroug h sp<rmat ogenesi, of a
cohort of sperm cells. By ana logy. oogonIal b, idges are thought to explain the
'j' l1ch,onous meiosis and different iat ion int o ooo~les of all oogonia l cells in a
ne'l- The cytop lasmic bridges persist until the format ion of primord ia l folhdes
(folliculogenesisj separa tes the 000) les within a nest f,om their .ist er gametes

Sex differences in the dura tion of gonlal cd l pe"i slence gi"es ri'" to "".'e lated
dIfferences in ,ep, oductiYetoxicity, In male mamma lian species $p<rmato gonia l
cells persist thro ugho ut life (Figur e 3), Ad"e rse .. nob"'lic exposllt'eS which
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Filur< 4 Mammalian mwi.an de>dopma'l' Tho in~ma .. ...,.;>ci.otiooof pm ",,11$.
'l'itbclial..,~ _cb ymal ""II, i'lll< prelud< 10OOlen;.1 di/frr<nt iatoon. CIot""i .1
p,oIif.nui"" proc«d . af ,........... tion of til<opi'helium andmom•. (Modifiedf''''''
Mon:banl -larioo ( 1978) ,,"'llh ~ion of lI•• ""'1>00')

destroy spmn cells or tmlj)Or.l.rily de<:ru S<'sperm.lliogonial cell numba . will
result in temporary sterility siDCethe lest ;"can be ~pulaledwith .perm ... 1001
as functional spermatogonial cell. persisl. In most mammalian ovaries. bo'"", .. r,
oogonial cells do nol persist beyond birth or lh. immediate neonalal period. Thi'
mcan$ lhat ~IC dtst""'li"" or iITt'par>lblc DNA dam.,. (Maw ; and
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Pcdcnoa. 1975. Pcdcnoa aDd Manpa. 1978; Gma-05O nal .• 1979) II per­
manent and may boo..,importalll ""pOc:a1l0fll for ......, cdI rouue n 'K and
SIIb1cqucnl 'er1lIOl........

DIInne<><>p>!1oalproliferaOOu._0( OOSOf\I.Illillswpd,,"lditlc. tq>Iicate lbar
DSA and ... tn _. ( Illoct . 1952; Ilak.... 1975; Woit and R_ 1andI. 1977.
Gor>dos.1978. PetOl'S. 1978; T.. rnri. 1978). TluIllop dilT.".e,IlJl.I" OOIOllJI.
from pnmary ooo;yIe$. "'Iuch Ibm min a pre{oIbeII1ar.tage. DIInnS ClOIOfUaJ
prolifer1lllon I.nd lhe: prefollicular phase of oocyte forma" ..... consoder1lblo
numbers of OOIonia and oocyt .. d....... rate . C..... lion of OOIO",al pro­
liferation. (OI'mllion of oocytel • ..:1de~eriluOO of 00100111.and OOC)ICSact
init iaUy In .Iow the rale of i~",a.. . nd lubseqllently 10doc"",,," lhe number of
germ cells in Ihe 0'>'1')".

Th e lemporal co une of chan il"' in i"nn cell number for the human O'o'ar),
mown in Fi'II'" 5. II similar 10 lbal obse1"vedin """I mamma~an lpee ... _ a
pea k ,.rm ccll number DCCUningdunng JCS\al;OOil foll",, -edby a rapid decrease
,,-Inch conUnuCi ,nlOIhc:DeOnawand penpubntal peno<l and i•• uocuded by a
socortd. IJov,·... postpubertal d<IChne," OOC)1enumber lha' COIlMun unlil

OOCYTE NUM BER AS A FUNCTION OF AGE
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oocyt~ disappea r from the 0''''')'. The ,ni"a l rapid d""line in ooc)'te number
during the prefollicular stage of ovarian de,-dopment i. though t to be due to
inadeq uat e n umber~ of granulosa cell. 10 enclose all ooc)'te'! in folhcle'!, leading
to the degenera tion of thO'/! ooc)'t~ excluded from follicles, Tbe second, ~Io"er
decline in OOC)1enumber with age ~p=nts oocyte los' predomina ntly due to
recrUitmeDlof primordial follicle' into ,be growing poo l and subsequent atr~la.

Meiosisor re<±ucuoodi'ision . which rc>Ult'in tk formation of an ovum wilh a
haplo id compos'hon of DNA. begin. before birth in moSl mammah and then
become~ aHestN ,n prophase of thoefir" meiotic diVIsion. As noted abo"e, after
oocyte, enter meiosi.tky become Sllrrounded by. at>dc\o$el)' a"""'ia ted with .
granulo sa cells to form primord ial follicl... and the c)'topl asmic bridgt'S that link
oogonia l cell' disappear, lbe 10Mof the cytopla,mic bridges atthi~ po,nt i~

app rop riate, anlleir fu!>Ction ap pears to be 'lull ofi}TIchroniz ing the initiat ion of
meiosis in n~" of oogonial cell~ . Allhough Ihe factors contr<>lltng the entry of
oocyte~ inlOmei", i, .. main '0 be elucidated, Byskov (1976) ha. propose d that a
substan"" she calls meiosi. miha ting faclor . =r.ted by ""l1sof the ",te ovari i. is
responSlble for inItiat ing the process

1.1 C1inic. 1Co""l~tes of Oot...~ie l l y 10 tbe J) .. ·. loping Onr J-

In some ,osta nce<it may be n=ry to in'es tigate huma n population. exposed
to xenobiotic compound s thought to exert ad,·e"'e effects on oogenesis, oocytes.
or follicular differentiat ion. To a""t in lhi' type of in"estigation we "ill ttv;'w
tk clin;ca] sYTIdrome~ observed in patients "'ith diso rdered oogenesi~ or follicle
differentiation (Tab le I).

There are se,-eral syt>dromes available for "hich dISOrdered oogenesi, rna)'
rep=nt the aet iology, and the commo n manifestation of the disease ;n all
~}'t>dromes i' earl}' ovarian failure ,

Although vanation' exiSl. o"a rian failure occurs" hen the o"aT)' isdepleted of
oocyte, . This occurs nonnally in mo, t popula tIons ""th a median age of SO
(Figur e S).TOXiC;I)"altering primord ia illerm cell dilferent,ali.on, prol;ferat;on. or
acces, to the presump", -e gonad might aller the age-of men"J"luoe. Slmilarly.
tOXln, altering oogonial proli ferat ion, follicle formalio n or oocyte degeneration
mlg)1talso alte' the age of menopause

Turn er' , syt>drome is a .peeia l variant amo ng syndromes of gonadal
dysgenesi, in pat ients ",ith the tOlal or partia l deletion of one of the sex
chromowmes at>da 4SX ka ryotype, In theoe pat>enlS number<of germ "" lis in
the differentiated gonad are reduced. 11is nOtknown for ""m in if the block ;s in
primordial germ cell differentiatio n, migration or pr<>liferation, Or altema t,, -ely_
at some later slage in oogenesi,

T"" ultima'e eff""l of the dioeaoe is premature ovarI an failure " j,h amenor ­
rhoea (absen«o fmenses).ele, ·ated serum le' ·el. of the llonadotro pins . FSH and
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LH (see discussio n of ovulation). and 101'1~ ,,~ ls of Ih~ o\'arian I'eroid hormone
(O<'Stradiol).Other syndrom", of gonadal dysgenesisoc<:urin ,he absene<cof any
e,-idenee of chromosomal abnorrna li'io«, and ,ome of thes< are familial,

A moU>emodel of this disease in which a ge~,;" ,-ananl is assoeialed wilh
premature <kpl~lton of <X><l'~ from the (}v,u)' may exisl in th~ W mutan"
dcscribod by both Mintz and Russell (Ingram . 1%2)

Prema' ure ovarian failure is an idiopa thic disea'" gen~rall)' ",",ulling from
proma' u, . d<pletion of OOCl1eSfrom ,he ovary, Tho «ru m level>of gonado­
,rop ins a.. ~1eV',,'<d. and ova, i.n .>teroidsare decre"""'. Earlier o,·..rian failu..
has been ob,en~ in smokers (l'igu," 6) suggesting that some cases wi'h 'hi'
cood ition m.}' result from 101Ucen""onm~ntal <X1X"u,"(Jiek 'I al.. 1977;
Matllson and Tb<>rgeinson.1978b: Matll>Oft.1981a.b). As the epidemi(}logy of
prematu," o, 'anan failure has lie'"''been explored. en" ironmental or oc<:u­
pa, iona l factors ca nnot be excluded ,n tho condition, Murine ' tra in-<lependen,
differenceo in the ra,e of OOC;-leloss Ita'-' been obsen'ed (Jones and Krohn, 1961)
paralleling familial forms (}f premature ovarian failure ; h(}we'-er,tiles< here­
ditary forms appear to be relatively uncommon ,

In add ition 10 lhese id iopa.thiC,}'oorome, of oocy,e d~pletlon, ampl. clinical
., -iden;< exists demon 'lra, ,ng I<nsiIi"it}'of tbe hurnanova ry 10ooto~ic effect, 0 f
ionizing rad,a, ion (Bahr and Neal 1977, A'h. 1980). alkyla"ng agonts and
other antitumo ur dru gs (Sit ber al'ldAdamso n. 1915: Mattir.on eI a1.. 1'181),For
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<:Xample.• xt.rnal irradlatlOll has been uoed in li""of SUrJIUl .,..I"'hon ,n

treBling patJe1llS .. itb breast "'110:1" and lmloricaU) ..-v uted (or pr<><!..allJ
meno pa ..... ill pauent. ""Ilt menon",uonhapa .

Similarl y. sufu""tly lulhoo.e.of aIk)laun g Il&O"IS and ceTtaln OIber
anUlwnour asmts also prod_ o,-anan f...1ure In patietlu IlI1der&oIng,,1lemo.
tbcnpy foo- ma~JD'OQI"I 01 ,mmuoosuppre5Sl "" theral') - (00- aUUlOmmuoe
d .......... Some appaRnl a.,depooc\eftce bas been observuI ill SWICqlUbohty 10
1h:sc ap lS. A" ilable a ...... 1 mode. bu ,," _, )'0'1 been fuDy aplootal to
det=nme medIa.- at ootO>.iei!y. Combinatioo> or a..-J models "-l th

ba.man clinical obIen'UOQI wiI be Ie> ry 10 npa.;w., lhe PI'\.ah\'e
00I"nes>s ~1C fo/hde ~ at unobiocic oompoundi lSoebfr aDd
Ada-. 1975; \la t,*", aDd 'fborFinoon.197Ia. 1979. rt.....,.-naDd Slusa.,
1m; Ma' tJS()I1ud ' 1Ih<1l1P1e. 1980: Retmen tl <11•• 1980; \la t,*", t, <11,.
19111).

AnunaJ ""po""""'lS ......... tbal fKlan alterinl; the s.at at the pnosv.mpu,.
JOII""daher the Dumber or~'teS ..-biebpopul:a1Ctbat rq:ioD. TOllns acun, on
ep1thelial or meseJ1Cb)'TIla1oells in lhe urDll"'rutai nd&" may~_ the Silt of
the gonad aDd the~by \avo",.the all'" at spon taneous o' 'V'Bn f...lure ,ndlnctly,

Reoent eYde ra i UgestS lhat nutrilional a od metabo l>:dJSOtden also effect
o, -..nan de... lopment and pro\ide a d irecl model of prenala l o''anan tou ny,
Women wilb plaaosacmla ha... a hlab incidellCCof pn:m a lUre O\'anan fallur.
(Ka ufman" D/.. 1981). P~malU'" o'''rian failu re in these WOmenOttIIn .... n
Wilh early dia p1O'lil:a nd dIetary restrielion , u"", ling pren atall oxien y_Reoenl
animal .xprrim etllal ion hasalso demonstrated tbal prena tal but no t poslnata l
expmure to a bigh p la<:losediet ea n deere ... ooeyt. number in "'1$ (C hen" nl.•
1981), Thi ' data SUggeslS tha t lhe adY."" .ffcct of galaeto se (or Its m.ta boh leS)
occur. durin, the d.".l opm .m o f the o'-"ry .

2.3.1 P,iml)rt&l an...Cdls

Earl) """"ISin the d, llh. ntillion of mammalian po rnoodJal pm oells a"" not
p.... ntly amenable 10 npmnlfI'ntai Rudy an"" ""lh in lhe1e staF' atdilf....",·
lial"'" eannot be "'llfied .Ann-alkal"'" phosphatase and somecbaraaet1ltic
morpboIocical fcarum aPl'e&r 1h:sc edh may he quanuuted. C),opIumIc
iDd..- _neban )'Ott.llpld or Jl)'CClletlfacililale idenu6c:auoa ofpnmordial
JI:CI"O'oelh in some , -cmbn.1eI.

Popula_ of the prQumptl , .. soaad..--jlltprimordtal JCnnoelh l'tq"'"" bock
paIll"" and ac:~ IDDUOn, aDd !he daboca.tion aDd m:op1J""" of eblmotaeI>:
facl on for dJro:otOOll.an of . 'bieh ... ) be ' '1Iloen ble 10 advefte c€..::u of

"""""""ties.
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T",'o general in vi.o experimental approacbes 10 tho idenh!ication of xe·
nobiotic. wltich all ... 0'"' Or all of I~ procn.se< =m f~asiblo :

(I) diff~~nlial map ping of primordial germ cell populalions in control a nd
l~alOd mlbryos:

(2) sde<:1i'l' ttt atment during spo.:,fics,agCllof oolC""';s follo"'-..I by quanli.
tali"" asse:s<mentof oocyle folliclo numbor at an appropriale lime_

Tb<:second m<:lbod has beo:nusedto explo~ lho ad ...."" roprodUCli"" effect>of
pre- and posUtatallrtatmonl "'ilh lho pun"," analogues. azalmopri"" and 6­
""'rtaplopuri"" (Rd mers and SluSli. 1978: Reimers ~I aJ.• 1980: Mat tison ~1 aL
1981), polycyclic aromal ic hydrocarbons (Dobson eI al.. 1978: F~I!On ~I al ..
1978). alkylating agents (Me",ha nr-Larios, 1978),and ioniZing radial ion (Mandl.
1964: Dobson and Coo per. 1914: Bak... 1916: Dobsonn 01.. 1918).

Useful in n,t<>usay syote"'" include :

(I) embryo rullu~ techniques ",-hichminimize strain or spe<;.... diff~renctS in lho
proble ms of dislribulion, mt:labobsm and /o r ~XI''''lion of lilt X<1l0biOlicin
lilt prtgmnl frmale;

(2) urogenital ridge explanl J)~Ie"'" ",-hichmi&hl pro'ide a u.. ful a.... y J)'Srem
for stud)'in l al ent> affIXting chemotaxis. pnmnr(hal le= edl migralion .
and m,loslS of primordial ge= cell<and OOlonia.

Altllough lhese IIXhniques ha....~n UJed10explo~ hasic iSllues;n I"nadal
and I Ona<!uc131de....lopmem "'; th varyina: degrees of sueccss. 10our knowledge
lbey ha, .. nol been a ppbed to reproduet; .... toxicology . Funber sludy of the
appl icability of lhese sy' le"", appears 10 be warran ted ,

2.3.2 OogonitiaNi Ooq.u

After formation of oollon;a, rapid proliferation Dflbest: JIem cells oa:urs, and
.. ""ral c1..... of ~nobiolic compound. (po lycyclic aromalic hydrocarbons.
a lk)'lating agenu) a nd ionizing radial ion advene ly affecl lhese cells. In a ,ypical
in '-/' 0 ..... )', p"'gNInl females a... l .... led with the . sentl, and qua nl;tati, ..
ooc)'le follicle wunt> art performed on ovaries off~lu... or olf,prin, f'CCCI",red
at appro priate limes after expnsu~_

In ./rt<> tech niques using primary ovarian cullure ma)' also be useful in
uooerstaooin, the mechanism of'hek 'o~icilies_ Cullu .... Dfd iss<:<;ialedo'-an an
celli may also prD"" useful fDr exploriOj ~nobiolic effects on OOC)1e-granu\oJa
cell ;nleraclions during follid~ fOnDalion_

Differenlial follicle wunU art useful f<ll mon;tonng in ./, ,, lo~ic effectl on
oocyte. 1follicles in lbe postnatalo,,,ry, Aw: malChinl is important in lhese
sNdies because of aw:-depel>denl dilferences in bnth oolo~icity and
oocyte follicle number, Compa rison of prenllal and poslnalaltrea tmem may
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PJove useful In diffen:nlialing adve .... ><eoobioliceffecl. on oogenesis ,","us
esecuon matureoocytefollicles, aspre\10usl~ mentiored.

3 THE DEVELOPED OVARY

3.1 O rulaliom

Ovu lali'm . like oogenesis and folliculo ll"nesis. is a co mplex pr0C<:$5requiri ng
inte gra tion of . and appropria le respon se 10. local and systemic signals (Knobi l.
1974, 1980 : HUIChinso n and Sharp. 1977; Espey, 1978) , O""lalion of a
fU""lionally mature OOC}terequires follicular and oocyte gro....lh, resumpbon or
m<lOSis ....,thin the OOC}1Cruptun: of the fol~cle. and n:k ue of the OOCI~e. In
addilion to 1m. com pk x $«jue,..,e of .... nts t he ovary of the fo llicle destined to
ovulate (dominant follicle) I'l also responsible for eslllblishing lhe appropriale
hormonal mitieu for implanta tion and support of pregnancy if fertilizalion
occurs (FillUn: 2),

3.1.1 Prro", latqr,. Folliele G,ow,h ''''d R~p ,wrt!

'lost of the follicles in the o'"ry are lhose in the resling pool. the primordial
folliCles (t'lgure 7). The .. are the follicles formed during the process of
folliculogenesis and consis, of a primordial ooc)'te . .. ,"r a l allcn uate<lc~n'_
shapod gran ulosa ""Us. and a I>,o""menlmembrane. Although the.. folhcles are
trad itionally termed 'resbng fo llicles'. there,. ample .v idence demonstratIng
'helT metabo lic aclivily.

Follo....ing SOmeas yet iro:;ompkte ly charaCteriud signal primordial follicle>
be&in 10grow.O n<:<f"llide> and oocyte>1>,0".leftlhe 'res tIng' po<>land bell'n I"
,ro". lhey continue lhi. processunlil o''Ulalion or degeneralion (atr.... ) occ urs
(Peters ., rU.• 1976: Ro" lands and Weir. 1977; 8jersing.. 1978: Richards. 1979;
Ross and Schreiber. 1978: Ross a nd Va nde Wiek . 1981), In studies on fo llicular
and oocyte lI'''''lh In sexually malure rode nts. the lenglh of tune neces.saryf" r a
folio".. and oocyte to rea"h fuUpreo,,,latory malurabon ha. been .110".., to be
app roxima 'e1y 19 da}~ in ,lie rna .... (Pederson and Peters. 1968: Pederson,
19m), These studi .. ha, .. also allowed lhe dynamics of follicular gr",,"'th 10 be
mode led (Fa ddy., ai " (976) , While tllere are vrrluaUy DC>k,neto;; stud ies on
follicle growlh In humans. a n OVIllalOry follo;;lecan be formed approlUJnalely IS
days arter tile inltialion of gona dotropin lherapy in hypogonadolropic women
undergoi nll ovula'ion induc' ion.

Preantral follicle gro"lh oc<:U'" in lhe ahsence of gona dotropic stimula' icn
albeit in limi'ed numlx ... of f"ni"les . M" r«>,.. r, in rod"n t model., hy­
pophysectomy hal ml1umoJeff""" on numher< or rollicles be8'nn lngl" molille.
00"" ini'i.ned. <>eS'rogens ilimulate and andro gens inhibit granulosa ""II
prolifera tion and thus influelllX lhe rUe of prnnlral follicle growth,
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CLASSIF ICATION SCHEME

Type 8

Type 5b

o
MEDIUM SIZED

FOLLICLES

SMALL
FOLLICLES

LARGE

:;;~_-:;~~FOLLICLES

Type So

o
Type 4 '0 '.200
~ w .
V " ' 00co.

Type 1
o

Type 2

'"
C",.. ilito t., n 01 lok i., into d,ffe'en' l'/p'" accord ,.... to the numt>er

01 Qranulosa cells in 'he ",'ge'" cro •• ·sec,., n 01 e""n loll",,,,

Fij;ure 1 C!>.>SIlka';onscbern< fo' 0<><)1esond follicles in moo .. o'ar .... (P<d<n<n
and Peters. 1%8). Sim"ar ""heme>have ,-n u><d10 study follieu!>.rdynamICS in ,h.
,od.n' ovary (Zuchrman .00 MoOOI.1950. 1952; Ped..... ", wro.Foddy~, at..1976)
.nd ha" hecn prop<:>s«lror,he human0" 0<)' (~.rse' al. 1916), 11><1)1"" 0<><)1<.
""ho~t ponu l"'" cells. don no' <xi" fOIIo"'mgfollL""IOj,'<n.>i.in most m.mmo han
speco<saoo " .. k1om:l«fl aller bin h

Ma'ura tion offo llicular complex.. beyond preantral stageS.that 'S. format,on
of a Graafian follide. is deprndem on FSH ";mulat,on (Figures 2 and S).
Under control of FSH . multifoca l aoc ~mulati<>n' of mucopolysaccharid..
become conlluent to form a lIuid·filled antrum (Zu<:kcnnan and Mandl. 1952).
Increa, ing amounts of antral lIuid contribute to the rapid preovulatory
enlargement of tM dominant follicle, In addition to plasma proteins "'ith
molecular ",.i ghlS les, than I x 10· dallons. anltal fluodconta ins pept ide and
steroid hormones in quan ti'ies "'hich vary with respeclto whether the follick is
deslir.ed to ovulate or degenerate, An trailluid in dominant follicl.. destir.ed 10
ovulatecontainsmorecestregensandptogestogens.moreFSH andl H. andjess
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'"'
prolactin tha n antral fluid from alre l ;: foll icles in wbicb and/Ollen, an: ,he
do minant ...... oich. and FSH levels an: uDde' <:c1able.

In ad dition to Itimulatinllantmm formalion . FSH ind\lOC\'Saromatase actiVlly
n:qw n:d for oestropn Iynthn .. and in conj unction with oes\loaeD IOdoc..
membra"" teCC'PlOIl for lH _ntill for postOVlllatOry eorpua Iuleum for_
mation and funcilon After antmm formation t,," pteOVIllatory follicle be to
lID'" rapidly and prodlloCCiioc1a''''11 quaou .... of ocatr<>sn" Rqulnd to " 1
'hr: pm>VIllatory l H I\Irse.

Withm 24 houn folio ....... the lH ourlC'.uluutruclunl ella.... ate Il1lllated
in the basal Ia....-. COQIIstent ..,\h e~matic dqradatJQn of the W\OC'lural
prorClnl. aDticll*1ltI1 ruptun a co"",,1 ,tigma formoalKi throup tU "Ie.thr:
OOC)''''-<umu/w; compkJ< If esU\llkd. .u the mna"'d .... of the basal lalDUlll
dc:gm:,ale:l. blood -" and 61:1n:>blampttmoate the raodIaI panuIooa ccIb U>

form a COflIUI lII"",m UI ..-b£h thecal ccIb an: aho "'COIl'Ora",a. 011"", the
1II1Cl1phafc,. e...... III blood 0Ci,"*", and pr."....,.... <:ODOelltmtOa n:Aect
thr: fix and ded"'" of IoOCrCIOryaetMt) of the COflIUI 1II11:Uf11.
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3,1.2 "'h iosi>

Al DOtedabove, tbe oocyte enlC1'Sand becomes a~ed in propha>c oflbe fil$l
meJotie di,isiQn prior 10 tbe formation of lbe follicle complexes (Baker. 1975;
Tsafriri, 1978), Although factors in"ol'''d in initiating arrest of ","iosis are
poorly understood. pr"teins r"und in follicular fluid a..., thought by ""me
in"esliplon t" maintain it. It i<n"t kn"wn if thr<l:pr"leins are also responsib le
for initialing tho arrest of mei""is during oocyte dilferentiation. "" lhat differenl
fll<"\onmay he responsibk for tbe establishment and maintainance of me,"tic
arresl at different stages "f f"llieular developmem . C)'topla,mic pr'*"tions of
granulosa cells which form gap junctions "';Ih the ooc)'te are required for
maintainance of meiotic arresl once established,

Afler the lH surF. thr<l: junct ions are altered and meiosi< resumes in the
oocyte .Around tho lime of o'-alalion tbe first polar body containins 2N DNA is
extruded. giving rise to a K<:oooaryOOC)lewhich enters a second. shorter arresl
of meiosis.Sperm penelrati"n "f the secondary oocyte initiales Ihnesumption of
meiosis. resulting in extrusion of lbe second polar body containing N DNA.
formmg an oWm c"n\llininga haploid chromosome $<'tand. male pronucleus
with . hapklid set. t!>ul rewosti'uling lbe diploid complement in tbe zyg<>le.

3.1.3 C"'pu< Ulleum

Following the lH .urge. changes in follicular morphol0llY leading to ...,leaseof
the gamete oompkx art: als<>essentia] f"r tho f"rmation of the c"rp .... luteum.
Breakdown of lho b.o.sallaml03all<>",-scapillary pe".lrat,,,n inl" tho p",viously
a'·a ......lar fol~cle. COllComitant wilh these cbanges in follieular architectun:.
alteratioos occur in the morph"l"llY and runcti"n "f the granul<>sa",,110whiclt
differentiate imo luteal ""US",'hosemajor sec...,lory product i. progesterolle .

Tho duration and quantil y "f progester""e secmed by the COrpal lut<Umil
crucial for fel1~ity, Progesterolle produced by luteal ""ns is essenlial for
mainta;nance and modilkation ofthe endometrium as an epithelial. stromal and
glandular structure suitabk for implantation of the cooceptu" In non-fertile
qdes lhe c"'pus luteum proouccs incr<:asingamount< of progesterone f"" a 10·
day period f"lk"ving ovulation , At that point. malernal or inlrin'ic luteal factors
",'hich are poorly understood act 10 terminate the functi"naland morphological
inlegrity of the corpus I UI~um . In ",me species. pr""tas!andins produced by lhe
Uteru, Ita,,,been identified as a lute"lytic factl)l . H"we~f> in primates uterine
production of prostaglandins pla)'s n<> role ,n lhe ,,,nlrol "f the dU",lion of
corpus IUletlm Me <pan.

In fmile cyde:slhere is a findy balancedint~rplay bet"'....n horm""", produced
by the ,mplanled embryo lupporting the conlinued fUlICtionalOXiltenceof lhe
corpusluteum and the luteol)'tie facto" "'hich oct 10 terminatelhe functional
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.. ist"nce of tho ~orpus lut"um. If tho lute<>lytic facto" acl bofon: tho conceptus is
abl" to res<:UO the COfllUSlutewn, the durat;on of prollt"~rone product;on will bo
l<J$than normaJ (inad<qual" luteal pha5<).tho ondometriwn is sloughed from tho
uterus lou than 14 days .ft<:r o>'\lta"on, and a pmmplan,atlOn or early
implanting embryo may bo l05t.

3.2 C lin"", 1C..rrela, ,,,, ..r O.....~jcity in ,ho D,,"eloped On ry

As inadver1<'nt en""onmenta!. t><:<"upationa!.or drug exposure may impair
follicular growth. ovulation corpus lut<:um fUllC1ioo.or produce OOCj"1e to~i­

city. we have """""'nud clinical syndromes USOCIated"i,h disorders of these
proces.ses(Table I),

3.2.1 Pol/kular GrOM'rh

Tbore are three syt>dromesand one form of follick toxicity associated "ilh each
faIlure of DOnnal ptOvession In follick VO"'th. Allhough the full speclrum of
dinical features a5SOCiated"ith examples ditT"". the oommon manifestations of
disordered follicular growlh a r" similar. reflecting lock of produclion of
oestrOll"n by ,be follicle complex

Patients "i lh hYllOllOnadotropichypollOnadism have diminished product;on
of the gonad-otmpll" FSH and LH. As FSH ISess<ntJal for preanlral folbcular
gro"lh a nd lho formation of antral follicles. the ext"nt of follicular de,dopment
obse"-..::l is mInimaL

Antral follicles are the major SO"rtt of oest"'diol prod""'''on """OS$lry for
pubellal d"velopment of the s«;ondary sex cha"'~t.n,tic$. In th" absence of
follicular d", .. lopmenl befon: puben y. lillie "ndo;<n"ou. ""trog,,n is produced.
and pubellal progression is delayed . Those indi'iduals ha,'" primary amenor­
rhoea "'jth deen:ased gonadotropilUi at>d oestrogens,

If 1100hypothalamus or piluitary fails after puber ty. tlooit>di"idual will ha,..,
nonnal ,le\'dopmenl of so:;ondarysex ~har.ctori$lia;. but "ill ha'" secondary
amenorrhoea. Again. tloo progression of follicle growth will be minimal.
rdIeeting de",caS<:<!Ie,cls of gonadotropllUi. and becu se follicle gro,,'th ISnot
Otturrin&. oestrogen production will also be deerease:d.

Patients wilh 17.-hldroxylase del'ie;on::l ha", a g,:notic "n2.yma'ic defect in
,,"trog,:n prod""lion. lnabibly to prod ..... oestrog,:lUiblocks f"l1tcular gro,,'th.
demolUilfating thaI follicular growth in tho presenc" of gonad",ropm stimu­
lation r<quire. oestrogen produet;on . These iridiv>:luals ha ve dolayed pubeny.
pr imary amenorrhoea. and deereaS<:<!o"ati.an size. ,,'ilh a minImal progressIon of
follicle growth.

A small number of palients ha'" been described wllh el<'''t«.l bi(la(,ti,"
gonadotropins. decreased oestrogens. dela}ed or normal puben)'. and abnormal
follicle profiles wilh many res' ing. bul no growing follicles, Tloc.etiology oft his
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condition, term«l 'rt$istant ovary' , isunknown, but has beenpostula ted to result
from disordered or absent gonadOlropin receplotS, or ovarian defects in
oestrogen production,

There is ample evidence indicating that alkylating agenu like cl"'lophos .
phamide disrupt follicular growth , A. the« pa ticnlS have elevated gonado.
tropi ....in the presenceolio ....oestrogens. the toxicity is felt to reside in the ovary
rather than the Itypothalamus or pituitary, While on chronic alkyb ting agent
therapy, the« llldividuais have amenorrhoea with decreased oestrogens and are
essentially postmenopausal. The o"aT)' is .mall. and the follicle profile i'
abnormal. relIecting;destruction of gro,,;n g follicles, An er cessation of alkylat .
ing agent therapy, if oocY'es "ill remain within the o' .. ry, cy<lioco, .. rian fu....t,on
will r<SUmewithconcomitan, oestrogen prodUC1ion.dec= of gonadOlropiM
to nonnal. menses. and fertmty.

Scleroc)stoc or poll"'Y"tic0"01)1syndrome is on ovarian disease a"""iated "'tb
anowbtion, infertihty, hirsutism. and obesity. Patients witb tlus disease have
normal puberty. excessive hair gro" 'th beginning ,,""r puberty, a nd continuation
of POStmenorrhota l me....trual IrKgularity bey'ood adolescence. The pa .
thophystology of the disease" thougbt to rdIect e='ive o"anan androgen
production which stimulates lumllism and also se"," as substrate for penpheral
con'''rsion to oestrogen. The ele,.. ted 1e,,,1<of oestrogen feed back on the
hypothalamu J-pituitary.nd disruplthe normal gonadotropIn release p.l1<rn'
leading to d""reased .irculating FSH and i....re. sed LH.

The o' .. ries of these indMd uals are enlarged witb a smootb gliSleningcap,ule.
There are multiple subcapsular, small follicular cysts "'th thecal cell hype rt rophy
.... ponSlble for the ex.ce;si,·e androgen production.

An intriguing epidemiological study has suggested that cxpo<ure to halolll"
nat«.l aromat;';; hydrocarbon pesticides may be a.. ociatro with thi. d isease in
human •. StrikIngly pantlle l rodent cxpemnent< with halo~nated hydroca rbons
ha' .. also produc«.l a disea.. similar to human poly<:)'Stioco"ary disease. It i. not
known if the$< effects are produced by altenttions in the patteminll (or
imprinting) ol ovarian moDOOxy¥<na..,. or if it reIIects a central
(b)'pothalamic~pit uitary) disturbance (Mattison , 1981a.b).

Disordered hypothalamic -p ituitary fu....tion ha' been observed in se'~ntl

$)-ndrOme1including amenorrhoea follo"'ing oral contracepti' .. u". P'}<,oo,
genic amenorrhoea. prolaetin""",re"ng tumo urs. isolated gonadotrop in de·
ficient), eIC. The$< syndromcs a", rnstrueti, .. becaU$Ctll<y may represent
paradigm, "hicb may be useful Incxplonng putati, .. reprodur ti' " toxins, In til<
hypothalamic -pituita ry dysfunction associated with post -pill or idiopathic
ameno rrhoea . the le,..1s or FSH. l H and prolactin are normal, and tbere i.
evide""" of o' """n ",,",rollen production . In prolartin~retinlltumoun and
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amenorrhoea-plaotorrhoea s)ndro mes. 'he le\~" of FSH. LH and prola<tm
a~ elevate<!. Th: role or prolactin in ovulation and o",nan function in prima1l:$.
including humans. ~mains oootrove"ial (PeppereU. 1981).

In h),polhalamil:-pituitor y failure 'hotre is 00 evide,.,., of o\:anao ""'troJrn
producli on. and thotgonadolropiru are 10,,·. Circulating levels of prolactin may
be ele>:a1ed01 normal.

],2.3 Corpu. Lult um

Patients wilhdisordcn of luteal fUDetionha\~ inadequate proge5lelone KCrelion
and abnorma l ondome,nal transforma tion ....hi<h a re thought to lead 10
infertilily or early p~anaocy fai lu~ (DiZe~ga and Hodgen. 1981a.b). Careful
study of hormone produotion by thot follicle and corpus lUlCllmduring ' ho
menstrual ejde is n=sary to dcmonstra,. 'his disorder

3.3.1 Follidt Gro...·th OM M OlI<' atKm

Diff.~nrial 0<1",-1. ond /ollicl. 00""" The labora lo ry u"""ment of lhe
temporal determinant Soff ollioele growth has prn10ud y onl)' be¢o determioed io
measuri08 de\"~lopment time (~erson and Pet.... . 1968: Pederson. 1970;
Faddy el 01.• 1976), To our knowledge no studies have been done usinglhese
te<hniqucs to de1ermioc the e/feelSof ~enobiolics on follieular d}namics.

Xenobiolics impairing or Slimulating follicle grolV\h....ill aher lho dilf=nt ial
follioelecompos ilion of lhe ovary of l~a1ed animals . Thotu"""menl of follide
profiles requires serial seclioning of theo"al')"at>dfollicle enumeralion (pederson
at>dPelen. 19(8). This method can also b<:used 10 e':aluate 10,illS lhought 10
destroy oocytes or follicles.

D}na mic assays to e' plo.... nobiotic inhibition of fo llicular gro"'h are
directly approachable using Slandard gooadOlf opm and $Ieroid hormone ·
nimulalio n techniques in inlact (Grcen .... Id. 1978) at>d hl'P"physe<lOmized
immalure female rals (Hillier . , 01.• 1980).

Hormonal profiin The fctdbacl: loops hottYlttn the hypol hala·
mus-pitu ilar y and o\...r)' aro accessible 10 e':alua tion 'ia serum
samplin g at>d sensitive radioimmunoa s.sa}'S for gonadolropins and steroid
hormo nes. Xeoobio lics "'hich directly or indirectly aker the rate of .ynlhesis .
secrelion. distrihulion or e~.rclion of these compound. would be e~pcclCd 10
aller reprodue'ive fUJl<"ion in an indi"idual so treat ed Or exposed . Rodent
expcrimenla tion bas demoostraled lhal "",'ru . cycles arc Icnilheocd follo"' n.
acute e~posu re 10 .. nob,o<;cs which induce microsomal c)"lochrome P-450
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deptndent monooxYll"lIue s and or transf er ..... (Man ison, 1981a). Similarl y.
aenobiotics possessing .Ieroid hormon e agonill OTamagonill propertieJ ....ould
be oxpc<:ted10 ahe r rq>roduct ive fURCti<Jnby interrupting feedba ck Ioopl , Thil
lIOC<>untafor altaaliol\$ in ferlilily aftor expos ure to en"ironmental estrogen.
(McLac hlan. 1980).

3.3,2 CorplIJ Lilteurn

Co rpu . luteum formation and funclion may be lISSe$$edindireclly by length and
durali"" of pro geslerone producli"" in pseudoprtgnalll TOOcOI$OTby decodual
respo~ of lhe endOmtlrium of rodenlS . T he decidual respon ... ha. been
dornonll""ed '0 be a lter td in rodenl S lreated wilh nico tine. pn:su mab 1y in
respo n... to decre ased progesl erone produclion (Card and MiIChell, 1978)

The follicle i' lhe prttursoT of lbe corpu, luIeum. XoOOblOlicsahenng lUleal
funclion may exen 'heir effecl during lbe folliculaT phase of lbe cyck: by
impairin g gn. nulosa ~ll prolifenuion. duri ng lhe pen,,,,,laIO Ty period by
altering dilferelllialion of granulosa cells . OTca pillary recruilrnelll . T hese elf..:1S
may be a9Certained d irectly by measumnelll of follic le 'iu', anUum liu .
gn.nulosa ~ll number. corpu. lUlcum .iu or progesterone "", reIion in . lIm.
Ind irect a""",menl i. poss ible by mearuring circulat ing levels of OClItrogen. in
lhe follicu lar phase or proge>1ogem in ,he lu,... l pha", of the cycle. T o our
~no ....Iod8l'. lhis l)'$l<cm hal 1\01 been explored 10 MI(nni". ilS validily ,n
predic ling "" nobiolic lUlealtoxicily .

3.3.3 FollkuID' Fluid

A"ailab le information ruUesl.lhatlhere is ..... ntially no bloc k in the access of
blood·bome xenobi olK:s to lhe folbeular ftuid (McNally. 1978). Although lhe
folliool¢i$ $uTToundod by a ba"'m ent membra ne through which no ca pitlarln
peD(lrale during f01Kcu lar d( \'dopmen, . the mol..: ula r weiginculofffo r accc» 10
folliooularftuid ;. appro lUma,d y I " 10' dal1(1115.Gap junCliotU be, "'ttn cumulus
celb a nd OOCyICSprovide an additional barrier . Th . relali ....ly unfenered aCCS'l

to lhe oocyte may expla in why certain xenobi olK:shave been demon51raltd to
produc( ad, 'er<c ill ""\< on mciosi$

3.3.4 o«,.,~ GroK·,h ~rUJ M a lUro' Wi1

A. indicated above. un obiolic5 ha. 'e bttn dem otU,rat c<!10 ah ( r me'0<I5 aod
produce her;table lransloca tiol\$ a. a resuh of ootoxicily (1I.a51¢,and Ro h'b urn.
1976: Russc:Ua tod MUlter. 1980). T his clearly rq>~nlS an area .....hioohd~
much mo re rexarch . I I ioespecially impona nl beeau'" of lhe role of meJ()$i5in
the gcnc:tic5of rep roducuon. Impairme nl of ootIDOnal comro l mecha nisrm
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...luch produce infertili,y wi,hou, al,ering lhe ll"lIe'ic mechanisms of repro­

d""'ion olYer no Ihrea' to ,he gtne,ic in,egrily of a population. Xenobiolics
,.-hich prodUCl'meJOlJeerrors. however.may ha'" a profound dTect on ,he gene,ic
integri'y of a popula'>on.

It is ""I ~nown if xenobio'ics which al'er meiosis produce dissocia'ion of
oocyl e and follicular ma,ura,ion 'hal mighl be aocertained by ddJerenlial
measure of oocyte. follicle. or zona pellucida size, All of 'hese paramelers.
how."",.are easily a= ble for in' ·e<"gahon . 00<:,10lORNA and pro teins as
well as zonal prolem, retkct ,he func'iooal slale of lhe gamete: mea,urement of
individual macromolecules or pattern. of macromolecular syn,hesis in ,uper ·
owlated rodenlS may prO\'ide useful tools for characlerizlOg xenoblohc etT",,1S
on ,he oocyl<'.

3.35 (»-uIQ'ion ona lmpionlQliotf

Several assays. esP«'I.Uy Ihedomiltiln'leIhal assay u,ilind in gerw:'ic'oxicology.
are directly applicable 10 the labora ,ory assessment of reprod""li.'e 'OXlns
Ahhougb tbe dominant Ie'hal asay has been eX\CO$I""lyu~ for male i<neIic
toXICology, II has 1>0'been wIdely usod ,n ........ ,nll xenob>Ohc 'oxici,y '0 ,be
female (Russell a nd Multer. 1980). Ex,en,ions of.he standard domInant Ie.hal
as<ay i....iud ing corpora lutea and Implanta,ion s"e «I un" rrugh, uti lize u,erine
Ru,hing for OOC)1O '" embryo counts. or ovarian ,"",ioning and exam InatIon to
enumera\C ,rapped oocYles.

Dynamic assay'Sof o>,ulauon are directly a pproac hable using gonado,ropin
sumula,;on and corpora lu,ea or o, 'a coun's.

3.36 FmiU tr Ana )"

Vanous anImal fertiht y assays are a'lIilablc '0e.plore reproducti ... IOxins.
These as<a)"llnclude liner size. pregnancy inte,.".als. 'o tal reproduc,i, .. capacit)',
and rep roduc.ive life span. (Mallison U QI.. 198-0),

4 COi" CU JSIONS "''' 0 RECO \I ;\I Ei"D" TIO i"S

The complex of in,egrated physiolojlical and cellular processt'S neees<ary for
oogenesis. follicle differentia tion. follicle grow'h. ovulation. meiosis. and c0'l'us
luteum func.ion are poten tially liable 10 xenobio'ic in.erference a, se""ralle.'els,
In S(lme ,nstances e"idence from humans. non·human prima,es. or subpnma\C
experimental animals has demons.ra,ed xenob>o.ic toxicity.o one or more of
'hese processes.

The clinical and labor ••ory ...... menlS discussed ha.'e in certa in cases been
adequa,e '0 iden.ify and provide basic characterizat ion of reprod""ti, .. 'oxins ,
Unfortunately, S(lmeof'he sugges'ed labo r1l'ory assessmenlS ha"e no, been ""ell
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charac tcn2e<! and will requi~ furthor evalualion . The clinical cor~lale$

discussed (Table I) may pro"de the bndae b,"" ·...n laboratory mooch and tho
identification of human ~prOOuc ti,~ loxin>. It IS reasonable to assume a t tho
oulSCtthal a RnobiOlic IIohi<:hproduces ~prOOucli'~ toxicity in experimcntal
animal' w~l also be a reprodU<ti,~ toxin in humans. II "' importa nt. howe'.r .not
to as.w.me that the 'ite of toxicily or tbe .. ",iti,'ity ,,'ill be similar. Species
dltfereooes in 11>0dislribulion and metabolism of xcno!)ool;c, as ".11 as
diffe= in rcprOOU<li,. physiology will d..u,rmme tbe ultImate sile and
mechanism of action.

The Importance of monitorinll secular trend, in tbe incidence of reproduc tive
disorders in human and anImal populations a, it relates 10 rceogn~inll adver..
effectsof xenobiolic e.posure;s wonhy of sptCLOlemphasis, lmplemenllngthese
effOrts does nOIrequire Iarlle inilial OIltla)'Sfor research and de,~lopm<:n\. since
the technology requi""d 10 a<;:comph,hthese soals ellic:ieotlyand effectively
al~ady elUsts.For po;>pulalio", in IIo'hk h health care deli"ef) ' iseither regional or
nation ally cenlral ized. data lIathering is simpli~od. These ran lle from privatel}'
to stale lupportod medicalca~ plans which .. rve 'capti"e' po;>pulatiolllfor larl!ll'
periQdl of time.

The information we ha,~ summarized here has Ie<!uS to tho follollo,ng
condu liono and recommendal ionl ,

(1) S<:recninaall potcntial loxicanls In extant assay syslems is impractica l
and prohibilively expensive.

(2) Research and d=lopme nt effortS should be d"CC'lodlOllo:ard acquIring
less expenlive and mo~ effi<:ientmelhod' for assaying subslances suspected of
having adverse eff"".. on oogeO<'lisand o'" Jatlon in humans. The de....lopmcnl
of alternat ives to tbe todious methods curre ntly available for cOIlnlinll and
a..... inll morpbology of follicles in .. rial ,..;tion' is especially important .

(3) In contrast . mainlaining sur..i l la~ over secular trends in tho iDcidence
of ,yndromes duelo disorders of OOiCOesisor o",latinn in humans. and feraland
domestic an imals would provide a practical method for monitoring fOTad,.""
etTecl$of . enob iotic exposure. Similar surveillance ,}. tems have .. rendip;·
\Iously demonSlrated thai smol<inll is associaled ";Ih >e<:<>ndary~rmnor·

rhoea (Petterson rI aI,. 1973: Vesse) ~I d/ , 1979), infertility (T okubata, 1968),
and .an y menopause (l ick . , al.. 1977: Mattison aod Tborgeirssoo. 1978b).

(4) Suggestoo adve"" reproducl i,·e effects ld.n ti!ied by large population
sur.·eillaocc can be sludied in g~at.. deta~ by compann,l incideocc of
reproduc1ive dysfunction in .. lo::lod popula60ns a, risk (i.e. occupational.
regin"" l environmenta l. or drug exposu~) with suitable control populations.

(5) SlI'>Cesuch epidemIOlogical data are nOl beiog oollo<;lod presently,
in;tilling data collo<;lion and analysis as soon as pos,ible .. desirable

Progrc<$i,.. ad"a ncementto":ard these 10"1. will prn,ide a ""a ter ,..;unty to
human reproduc1ion from ad, ....... reprnduc tive effectl of RDObiot;c,.
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Techniques for Detecting and Evaluating
Abnormalities in Testicular Function

JEFFREY B. KERR and DAVID M. de KRETSER

1 INTRODUCfl0N

The adverse effects of chemicaJ agents upon testicular function have often been
assumed to interfere selectively with the process of spermatogenesis, with
relatively little attention being directed to the functional integrity of the Sertoli
cells and Leydig cells. Different agents act at different levels of the spermatogenic
process. Some may cause damage to the mitotic or meiotic division process, while
others may interfere with the differentiation ofspermatids. Variation in the dose
or length ofexposure of the testis to a particular noxious chemical may produce
widely different effects which result in damage to normal testicular function.
There is increasing evidence to suggest that such substances do not simply cause
selective damage to the spermatogenic process but also markedly alter the
structuraJ and biochemical properties of Sertoli cells and Leydig cells which in
turn may profoundly affect the process of spermatogenesis.

It is recognized thatcbemicals suspected ofcausingdamage to the testis may be
assessed for their effects on sperm production by semen analysis obtained from
ejaculation, and these methods are reviewed by other contributors to this
Workshop.

The aim of this contribution is to focus attention on methods which have heen
developed to assess the effects of chemicaJ agents which may damage the
functional status of various components of the mammalian testis.

2 METHODS FOR MORPHOLOGICAL ASSESSMENT

2.1 Laboratory Species

The principal method presently available for detection of abnormalities of
testicular function is the histologicaJ examination of the seminiferous epithelium
and intertubular tissue using conventional cytological techniques of fixation,
paraffin embedding and examination of sections 5-10/lm in thickness. The
widespread acceptance of this simple method of evaluating spermatogenic
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fUlIClionmay lead 10doubtfu l condusion~ of the morphological inlegnly of tl><
resus. Pn:~iously. il has been acetpledthai agents causing disruption of
sp<rmatog<nesis may no' aU<r II><SerlOli ",,11~ Or uydig ""lis. Ho" -n" , light
mic.-oscop;e<uml1\Otion of It:<ticulartissues p",pared by lilt: abo"., method may
fail to ",veal a number of struclural aherarions 10the:SeMoli""lis 0' uy<h g ""lis
which a<:company damall" 10 Ihe !<Stis.Thi. proposal has hc:<nsubstantiated
from a numhc:r of studies of the:fUlICuonal.latuS of the Serloli cells and uydig
""lis foUowinll exposure of II><!<Slist" noxil>\lSagents which .uggest that thes<
""lis are ralher SC1lsili'"to substances caU.inll s""rmalo genic disruption,

Reliable morphological ass<ssm<nt of both companm<nlS of the testis. lhe
seminiferous epithelium and the Intertubular ti..... may be achi",w ";Ih
imp,-o'w tl~$Ue prt'Servation ,uilable for both lisht and electron microscopic
anal}'sis

2,1.1 &1r<:liooojFixu,ir<

Previously formalin has hc:<nwidely chosen as a fiu tive for prt'Ser"a\lon "f
mammalian tlS<ue:sbIlt the resultant architecture of the lestis fixal in formalin
may display marked disruptioll of cellular elements clri<lly as a result "f
.hrin kal!<of the ti"ue. leaving many artefaclS which may be indiUlnguishable
from the structural alteralions within til< 1<Oti•. C"'lSiderabl< improvement "f
Irss"" prescl"'lItron " aclri<"ed ,,'ith EIouins liuli", (p;eric acid­
formaldehyde-ac<Iic acid) or buffer<d p"',,"c acid-fnrmaldehyde (PAF) .
nrigi""lIy describ«l by Stefanini "nl . (l96 7) fnr liurion nf e;aculat<d human
sp<rmatozoa. Th<sc wti'''' are selected if Ihe tissue is tn be embedded in a
medium applicable 'n lighr micrnsooplc cumInahnn . Thc:chnlC<;of fiutlve fnr
ullraOiructural analysis is ehicOy det<rmiDCdby cost. ea"" nf preparation and
degrtt nf p'=l"'lIlion "f cellula. and subc<:JlularnrplllZiOlinn. and mixlures nf
bu/ferN a\deh)'!es are present ly used fnr oplimalli xalinn of tbe testis,

Two fixatives commonly used for ultrastructural analysis nf the teslis are
lliutaraldehyde buffered in .-<:olJidineall nriginaJly proposed by Bennett and Luft
(1959) nr bull"eral mIxtures of glutaraldehyde and formaklehyde originally
describedby Ka rnnV$ky (1965) and later modified by Itn and Kamo ...ky (1968).
Add iti<>nal fixation of lesticular tissues in bufferN osmium letro:<id< is noW
rout inely used for preparation of tis.suesfor electron microscopy.

2.1.2 Ad",inis'rnl;on oj Fi:<tl,I""

Where"er possible. opt;"",1 pre$Crvallon of til< res\l~ <hould be aclu<... d by a
pcrf\l$ion method In "rueh lhe fixati.... is dehered .'ia a cannula in=tal into an
artery leading to the teslis .• m<lbod originally proposed by Christeosen (1965).
Blood is removal from tbe teslleWaf v... ::ular system by brief Oushin£ " 'ith
phl ..iolollical salonefollo"oed by lhe fixati"e. Where possible. studies designed 1o
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e.aluate changes in the form and structure of the teotis ohould utilize perfusion­
fixed material. Marked phy<i<:al disrupt ion acoompan'e.t he u~ oh mall or Iaril"
pieces of excised testicular tin~ obtained by biopsy. and immersion fixation of
teSticula r fragmenr. may .... ult in unequa l penetration of the fixative. thereb).'
permitting morpho logical ahera tions to cellular and .uboellular componenr..
The~ "ruc tural modifications may be errontou.ly interpreted "" a reftection of
damage to the tissue by exogenous facto,..,. A guide to tbe suooessful perfusion
fixation of the t"'t i. requires tha t the saline <olurion sbould c.a"""rapid blanching
of the testis and after 15-30 minut'" of administration of fixalive. the testis
sbould become hard ened upon palpat ion (Forss",an n "aJ" 1977),

2.1.3 EmbetM,ng MeJia

Tbe u~ of pol,1nerizing ... ins a. embedding media fortissues provideu uperior
preservation of the fix¢<!tissues compared to com'ention al paraffin. Tbe major
ad, .. ntages of pla"ic resin sections of carefully fixed testicular tissues are lower
di"ort ion of cellular associations and considerably more informa tion content
due to the abi lity of such tissues to be cut at 0.25-1;tnt as compared to ... tions
cut from parallin blocks. colIltDOnly 5-1 0JImin thic~ness, For ~glll micr<»copy.
testis lissue may be fi. ed in Rollins or PAF and embedded in paraffin Or acrylic
ester. glycol methacryla te (Bennen era/.. 1976). the laller providing both
superior resolutIon and a variety of histochemical reaction. compa red to paraffin
embedd ing (Figures 1. 2). For electron microscopy. we recommend t1l<a tion
in J- S"/. glutaraldehyde buffered with 0.1 M '-eoll idine. pH 7,4 (Mori and
Christensen. 19!1O)or c.acod}'late buffered mi"ufes of glutarald ehyde. for­
maldehyde and trinilrocresol (Kerr and de Kre ISer. 1975; Kerr er aJ.. 1979a.b).
Fi'ed liss.... are post-fixed in buffered ", mium tetrox.ide and embedded In the
epoxy resin. Epon or A", ldite for subseq~nt light or electron microscopic
analysis (Figure 3)

2.1.4 TTaNr Stud;,s

The .perma toil"nic proceso i. dependent upon continuous pro~feration and
differentiation of thegerm ceU.and upon the functional.tatus nfthe Sertolicells,
the lat ter providin g a ph)"Siolngical compart mentali1:ationof the .. miniferou.
epithelium into basal and adlurDinal region•. Creation of these compartments is
depende nt upon intact iOler-Sertoli cell·tight junctions which fnrm the
blood-t"'t;s barner (D)'Dl and Fawcell. 1970; D)1n. 1973. Fawtt ll. 1975.
RusselL 1978. 1980), Ass.essment of lhe integrity of the blood-tes tis barrier is
performed by introd ucing eleclron.,jen~ tracers into the medium used to fix the
testis and observing their passage into the .. miniferou. epithelium. The intact
blood- tes!is barrier provided hy the IOter·Sertoli junctions prevent' penetration
of thf tracerinto tj e sdluminillcompartment ofthe epithelium(Figure4).The
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Figure 3 LiIh' mictoaraph of """","I ra, \COl.. hod by p<1'fusi"n with
J!u... ......,.hyd. bulf««l UI .011"',,,,,, embedded in Epoa._A'2lo:h l<' 0<di0D0d at
O.S" o1 .Dd , u.i l>Odwi'h 'oludi ... bl... . Cell -"<iali",, . .."hID II><oaninik ......
epithelIum .... nu.in'amed and pr=f'I OliOll of ,be 'issue is .. h,f..:tory for
ultru<""" unlo" . lysis

Fii u", 4 Eloctron mocrogropb of ,be ba.... "p<d of .. mioifer" .. epn b<lium of
r><>nn.al2O-doy-old ro, l<Sld. TI><dr.is;"" of t il<epnh<lium into 'W<>comp.. ""e" ..
"'i'lI. the o..dof ". thanum ",'Ilicb i . pre.~tod from rompl<u p<DlrOUOoby in, ot'
iot.r -Senol; coli liJh. jUDCliooal"""' pb", (a rrow.)
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tracers sdected ha"" been ferritin (Fa" 'ce1t.. al., 197(1), p"ro~idase (Vitale el aI.•
(973) and lanthanum (Dym and Fawceu. 1971); Neaves, 1973; Dym and
Cavicchia. 1977; Connell. (978). Evalualion of tn. permeability of the
blood-leStis barrier is achieved by the simple method of addition of 2"/,
lanthanum nilrale 10 a fi.ali'·e SOlutionof 5"/ . glularaldehyde buflhod in 0.2 '"
collidine, pH 7.S. All poot.fixatiQn and dehydration prooedu= up 10 absolute
alcohol contain 2"./, lanlhanum . If a pbysiologicalloaline solution is used to clear
the ItStis ofblood. il is recommended tbat the .. liDeoontains no phosphate since
;1I501ublelanthanum phosphate willca\IMpreciptl ation of particles largeenoup
to inhibil ",=.ful perfusion.

The effects of agents on spermatogenesis are often evaluated by quanlitatlve
aMeSSmenlSof this prooess. Accurate evatualion of the germ cell population is
only p(l(6ible by the nse of quantitati, .. teChn;qut$. [n animah such as the rat
wbere an easilydrnned seminiferous cycle is present. quan titative eva lua tion can
be obtained by sdectiDj a specifiestaF of the C)de and countins the number of
each Frm cell type in 2S tubules cut in cross....aion which are at the particular
.tage. Howe>" r. in SOmeexperimental procedures. it is not possible to identify the
.pecific stages and ilthen l>ewmesnecessary [0 count lhe Frm cell population in
2Scr~tion. ofseminiferous tubules selectedat random in each experim<ntal
animal

Where changes in the SerlOli or Leydig cells are to he evaluated or where
ultrastructural chan"" in germ cells are 10be 5ludied. rt is necessary to us.eother
teChniques based 00 morphometry. The principles of morphometry and
stereoiosy ha, .. only recently be<:napplitd 10 the mammalian leslis (Bergh and
Damber. 1978; Berghand Helander , 1975:Frankenhuis .. m.,1979; Hochereau­
de Revierl er111..1979. Knr tI 111.• 1979a: Christensen and Peacod . 1980: Mori
and Christensen. 1980; Zirldn et iU.• 1980) in an auempt I" quantitate the
alterati" ... in number. s~ and relati"" ""Iume occupancy of specifictissue types.
<:tllsor cellular organelles whieh may accompany changes in Ibe aeti~ilY of lhe
lestis. In summary. these procedures make USC"f tissue sections fixed by
perfusion and the relative area of a given hislological feature within the testis i.
measured by direct light microscopic observation us;D3eyepi= grid. contairung
a square Iauice. The number ofinl=ction. on the particular featur-eis r<:corded
and its deD5ityis oalculated by dividiog the sum of P"ioiS falling 00 the IlrUOlure
by the t"tal poin151yiDjon the tissue. This method provides information for the
nwnerieal density of a fcatu"" per uoit area or volume "f testis for $Cn1ioiforou.
epithelium. intertubular tissue. or any structure within the intertubular tissue,

Ster-eologioalanalysis of the oumber aod ~olume occupancy of aoy cdllY])<
...ithin the te<lismay be perf<>Jmtdal the electron microscope level USIngsimilar
method< of relative poinl counting or grids oontlining Ii..... of kllO"'n length
...hose inttrseetions with relevant ,urface contours within the cell of interest are
recorded. Details "f these tecltn;ques applied t" the leslis ar-e ava~able io
Chris~nsen and P,acook (1980) and M"ri and CIuis~nsen (1980).
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1.1 Human

2.2,1 Twicldar 8iap,y

Wllo~ testes an:: rarely a~a~al>lc for sludy and con>rqurn~y. small~ of
tissuc ob tained by biopsy are a!l l lIal is u....ally a~ailable . S""h IlSSUesllould be
obt ained by t«:hniques tlIal ha~e been described pn::,iou sly {Rowlcy and Heller.
1966) in "'hich a small il>Ci.ionin Ihe lunica albuginea allo" . the teslicul ar tissue
10 protrude and 10 be.xcised by a sharp scalpel hlade used paralJel10 lbe surface
oftbe l"lis ,Tbe lissue must be hand led genlly and placed in Bouin's Or Cleland 's
fixali~e for prooess ing into parallin .

2.2.2 FiJ<4li"" IJttd Qouutrikl/iolt M ethods

Fixalion procedu res for light or elect ro n microscopy are similar 10 lhe methods
d...,ribed for laboratory species . If a I"tis becomes a~ailable for perfusion
fixation, lhe spermat ic eord should be relained for 3-Scm to facilitale
cannulation of lhe leslicular arlery. and perfusion of the l.. tis n::<:aui"" similar
procedures d=ribc<l for the !aboral"')' species.

In the hurnan teslis, q.....nlitatlv. hiSlnlogicaJ melhod, of counting the
numbers of germ cells in cross-se<;lional vi ., ofseclions of seminiferous lubules
have demons lrated a .... in serum FSH 1 1$10 be correlated "'ith disruplion of
spermaloF ..... '" and inf.rt~ity (d. Kresl.. rr "I. , 1972; Fra nchimonl ru ll ..
1972. l«>nard eI a/.. 1972), Mras urmu: nl orserum FSH I"'d' provideu simple
index of spermalOllCnic acti~ity ; ho wt\· cr , in man no specific germ cellt)'pc is
linked 10 the contro l of FS H secretion (de KreISer rl aI.• 1974) suggestin g that
m'lhod s used fo r del«:lion of ahn ormalilies of spermalogen.-.i. must examine
lhe number> and "rueture of the germ cen. and lbe Strtoli ceno.

3 MET IIOns FOR ASSESS-' lE;l', OF SERTO LI CELL FUNCfl O N

3.1 ~Mory Ca pa<lly

Unl~ recenlly. th. Str lOli celb could only be e"alualtd by observalion of their
morphology uoinlllighl and eleclro n microscopic techniques . De~.lopmenu in
our underslanding of Strtoli cell fuoetlon ha" been =nll y reviewed (R uncn
ri al .• 1980) and il is now recognized thaI Stnoli cells are responsibl . for lhe
product ion of androgen bi.-..LnKprntrin (ABP). seminiferous lubuk ftuid and
inhib;n, These oecrelOry propen iellassociated with lhe Senoh cell have allo"...r
lhe d.",loprn.nt of . imp!e lens of Senoli eell funclion . ABP production by the
Serloli eell is impaired fonowinK ,perma togen ic darnaae induced hy agents such
as surp:.1 cryptorehidism. fnal inadialion. vitamin A deticiency of drull

t=lments (HaaellaS and Ritzen . 1976; Ri. h and de K reISer. 1')77a; Jegou and
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Tabk I EIr"" "" ua .- Qt ... ",," II "" ASP ill tb<:..... aDd capl>t opoclOl)'DUf

n:sT1 S ASI' AI'I DIDYMAL ASP_..-- _..--,.... ....
Nonul oduIt ...u. .., l UI U, ...
H~ttall<d .." 6.S~ ' • .02 ' ,,,.
V.- A " ~ ~. ND N"D
FewX _ .... .... l.JI ' ,~. ,...._...... ,.__~"""--__~_"-'_"-"'_-........-....-.
" <"'l~._I. 'O, _ 'd='"
(aq. ' '_pc> __ LA _"'~.Olool _ (l977). f ! · ' C " L
--. c .m,no~-"_l

ok Kretsn-. 1919. K~lT ~1d1.• 1919b). ""'"~I of A8 P prod~Q •
regarded as bemJa IeBI.It,,'~ I" for~ cdl fllDCtioo....... bod"uposure llf
the te.\lUll .] C ror IS """U!QI results ill marRo! unr-um:ll'QI c>fA 81' seeeeee
(Rich aDd lit KrelX r , 1977b). It is emplm....:! tho.l ¢>.pmiKln of lhe
conceoln lliort llf A SP (per ml prt>ttin) io It:Slts tMu bl llllJ operm.lllFno;
""mall'" may nol dllfer siplilkaotly from lha l "",uuTt<! In normal lesles .
Hll"'~""r. cakuJat ;OI\ or1M toW .mount of ADP p: r lestlS (T.ble J) h.s to
dale litm onstra t«l dlmJnlSht<:I !«'re lOry capacily llr lhe Senoh ~11 in .U
cond ilion s of spennlltogenic <lama.. . nd emphasizt$ the nttd to consider lha l
these cells'le susooptible . Dd$to sit i"" 10 noxi ous . gents . Til( decreasein ADP
product ion by the dama~ lesl is is proponionalto the .. ""rity OfSpenna logenic
d isrupt ioo (Ric h aDd de Kretser. 1977a) but ",'!tether I>CIxious .g ents simu l­
lant<>usly a lter l!te function ofbo lh ll>eSertob aoo ll'"rmcells remains unknllWll.

Sincelhe Stnob «lis are responsi ble for lIuid !«' let ioo ",ullin lhe seminlf~rous
tubules ....... uremtQI llf 1110pr<:K!uetic>nof IIwd by Sel1llli c.ll1 sUlll«ttd of
bri ng damaged inimply m.asured by ligalion of the v..... efl"ere nlll. ; compllrison
of the welghl c>ftheliptc<llettu llltllo non·li gated COOIRl:ateral ttSlis flllk>"'IOg
16 I,o,"~' tiplion plO"o'Oes .n in<k~ llf fluid pmduclJOo (Sllu tb., 1%2).
A<:cum"l:alJOn(J(" the lOW Ylllu",. (J("lluid secreted by <lamqed lC$tet afIc1'
~pti<>o is markedly dllDJ bed '" pmp<>rtion 10 the $l:Valty (J("sperma l<lSt"ic
diMuptioo. a mull p:u .... OI " ' Lh the UIO<"ialtd rNlICUOI1 In A DP
production b) Sertc>llcdbt ..,thm tX damapllntu (F .... '" S. Rlcb and de
Kreuer. 1m. ). A8 P prodllCtOlMlrate may ~ c>bniwd byc:om~nnl theABE'
_ttD l of the Ilpttd and Ikln-'pltd ltOUJ.lK! pm>;Qes. lD(lreG)'1lIl1UClUI (J("

Sertc>~ cdI fUt>C\JOCl..
lnh ibm productooa b y Senc>ticdIo pI"O';Qes a fac:lorcar-bk I)( s.... eu>"dy

replallfll the "'loaM:ofFSH from the po.uitary . A w.<"rbat>uel)( DIlI1IIlIIlSen<:>h
cd) rllDC!JO>l.m condJUCJnIof spenna~ dama ... apeaall ll 1Il£t' tllo
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F"un: S Pro<l""tion of A!lP and oeminif«o.. tubwe lIuid .11", eff",.. , d"'"
lip'io" (ED t). I" normal .nim..... un~.tenl EDL fftullO in lIDiD<:reoxi" weilb'of
'boeliptod ,est;' of 21'1. ofIer ,6 b. In domopd , morkoddecruse iJltboeloW
wllu.... offtuld (.........,de<..- ) IOCmodby'boe'estisi afl«Iip,,,, ,, . ...~l ...
A diminuh"" ,n lIuJd oecretJonby the tesli>per omil..·ei ' of tali>, The ..... ,n
teslJ<"llb.,A!lP cool<nl afl« EDL;, markedly rocIuo<edin eaclJ da"'''led 1.. lio ,n
[lroporti"" '0 'boese'erity of tbe sp<tma'''ge<>ic<lesln.><lion.N. NOJIDlII, HU .
bydro. yurea ",,"'meIlI; 'lAD. Vitamin A-deficioen' diet ; SCO. f<tal irrad ialiooo.
T.. ' ic.... r wei .... ' i. <llprased .. 'boe.,.,." ± I.e. of ir><b>-idoaltrmo (n _ (0). The
A!lP<oo,,,,, per tes,.. i. e.pr<a<d .. the _ vohleofd"l'licat<.. timations of ,...,
cytosol .. eacb rrel"rocI from u ..... pooled from ft'" " ..imal.. °1' < 0.0 1.
(Rcprod""od wj'h pcnru .. ion f,o", Roch, K , A. ar>d de K...... ,. D. M . ('977)
£"'*'<r;,,~y In' . 9Y1--96l!. iO '97 1. The Er>docrine Society .)

prod"",tion of inhibin whicb io lu m results in alterations of FSH ...... <lioo from
tbe piluitary .

10 rodents. damage to tbe seminiferous epilbelium is accompanied byele>lIted
serum FSH icv.,ls, . S~hown by disruplion of . perma tOienesis in cryplorchidism
(Walsb and S~rdlolf. 1973; Kerr er aJ.. 1979b). Similar resultS ba"" been DOted
fo llo",';n, spmn otogenic domaiN induttd by drugs (Oebe/j uk er a/.. 1973;
Go""", '" al.. 1973; Rich and de Kreiser . 1977.) or irradiation offetal (Rich and
de Kretse r. 1977a) or adult rats (Verjans and Eik-Nes, 1976),

In general. tbe severity of spermatogenic damage is correlated with the
..,uham ele>lIlion in FSH 1e",,1~ io "'rum. lherefore allo",';ng radioimmunoassay
of serum FSH as a simple ind.,. of ~per'IJlatogcnic a<1ivity .

A IDOredi~t and p~ise auessmett , of inbibin prodllClion is oh tained by.
quantitative bioassay Ie<hnique of inbihin production usinS cullllres of anterior
pituitary cells (Sleinber i'<r and Steinberger . 1976. 1971; Scoll . 1al,. 1980), The
e.,eol of the sele<tive inhibition of FS H release Or cellular FS H coolent from
dispmffi anterior pituitary cef cultures prOl'ides an index of inbibin production .
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3.2 RK<'ptor Prof-t ies

The c\emonSll1llJOnlhal SerlOli cells conla in fS H rett ptors (Onh and Chri51·
cnsen.1977, 1978)wluch are mar hd ly "'duoe<l in SlaIeSof damage 10,he testis
(Hagenas or01.• 1978: Risb ridger or"I .. 1981a)pro~idt$ a furth"'''1 Oflho ind..
of ,Ile ,tal< of Seno~ cells in lestes susptC'e<! of being inOutneed by agents
capable of disrupllng spermaloge"";s . The reason for lhe dech .... In FSH
recep'or number ' is unknow n,

4 MET HO DS fOR ASSE"SS.\tL'" or l.EY DIG CELL FUNCT ION

4.1 s.......",., Capaoity

The func' ional SUNs of 1Muydig""Us " 'ilmn 'M intert ubular ti ..... of'M testts
may be evaluale<!from 'heir secretOI)'and receptO' p,o perties . The concepl'hal
a ,,,net y of condilion' interfering " i lh spermaloge"";s had minimal elfects
upon Leydig ""II funct ion "'" based upon han' microsco pic observalions of lhe
Leydig cells which commonly a ppea....J uochanged or more plen liful compa red
10normal. In summaI)' lhe changes occuring 10 Leydig ""n, wilhin the damaged
teslis include alteralions in cell volume aDd conlent of orpnelles associaled Wilh
steroid ogenesis. chan g.. in receplor numbers for luteinizing hormo .... (LH) or
human chorionic gonadotro phin (hCG) aDd change, in tile caJ"'CIly of uydi8
cells '0 secrele lestosterone in response 10 lrophic '1ImuLalion.

Measuremenl of serum testoS'erone and LH levo15by radioimmunoass.a y
pro'ides a useful and ....ptd indic<llion of Leydig cell function since Slates of
teslicular damage if seve", are a,soci aled wilh u ydig cell dysfunc lion a,
reflected by low serum ttSl"'lerone levelsand el.. 'ated serum LH I.. 'els, A mOrt
a<:curale and seasiti"e a..... ""'nl of the sec"'lor) 'CapaCily oflhe Leydigcdl may
be ohtained from Ihe aS$Oyof serum les,oslerone followin g hCG stimulalion in
,'i' o, Ma.<imal stimula lion nfles ",,,ernne secretIon hy ,he ltSlis is deltTmined
frnot dnse-res ponse studies nf 11l-50 iu nf hCG in O.5ml .. line injected
inl ....v.noosly . Conlrol areups a", I'ven O.5m l <ahne alone . Blood <ample<.",
nbullled under hanl anaesthesia from llle jugular "OIn1lt1medialelyprinr to and
60 minules after injection. All injectinl1ll'hou ld be petfnnn <da l lhe same ltme nf
day In reduce lhe effects nf diurnal OUClUalinns in periphera ll eslOSlern"" 1e,.. ls.
BInnd ;" allowed 10Clol al rnom l<mperal ure. serum is separated and slnr<d al
- 2<1C umil a... )'ed . The abili'y nf the uydig celli 'n secrtle lest",l erone i'
assessed from lhe u",,,,menlal "'" in Slimulal<d minus ba.. l ItSlOSteron e
prodllClion compared to normal an imals.

TtSticula r damage may be assncialed wilh allered hlnod Onw 10 lhe l."is
possibly due 10 lowered deh~1)' of lon adol ropic hnrmnne 10 L~ydig cells nr
decreased nulllnw of teslnsternne elabnraled in respo nse 10 in 1';' Q ."mulalions
(Damber ~I al" 1978). Thui . be G slimulalion nf ""oole leslis n,pensions nr
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o

FiJUr< 6 R<>pon;< of ""lOS l<>gorwlotr opm ill ,it",
foilowillJ lest"",la, d&maF indu«d by "perime "t21
cryp'=h .hsm, Til< iD:TtmOftlal no< i" ,<>,<»1<roll<
prodOClion f>lirnulal w mi" .. basa l) o!Iow. a" <Tlhan<:«l
r« pons< in .itro ,,,",pu ed to normall«ti s , Mean ± •.e
I " _~)' ·p<om oompared to incr<mcn,al n.. ,n T
..-00 ,",lion by , onlrol1<>1cs.(Reprod,",ed wllh permission
from de K", ts<, . D. M ., K= . J. II .• Ih; h. K ..
RJsb'id iO" G . P, and Dobos. M ( 1900). I" St<inb<' F ' ...
aod Sloinberjler. ~. (Ed•.) Tw""kI, O' ,...,p ""
S"""",uand f' """ , ;"" , R,V<!1P..... New York.l

IS<}lated Leydill cells in ';ITOis also necessa ry (0 a5SCSS1M secretory characleris ·
tics of lhe Lcdig cell in da maged les les. If eval ual ion of leslOSlero"" prod"' lion
by whole tesle, in requ ired. IMY are incu bated for 4 ho urs in Krtbs -R inger
bicarbo na te bu ffer in the presence or abse nce of heG and the testo, tero ne
content or lhe medium i' mea,ured (Figures 6, 7) (d. K'H"" tt " I., 1979).
I"" lated Leydig cells may also b< ,( ud .. d by idont ical t«: hn iq ues and the
t« tOSleron . seem i,," p<r ce[Jcan be ....... d (Schumach er 01al.. 1978 ; Pa yn. "
»t; 1980) ,

4.2 R_ plor P r~rties

Andro gen prod uct ion by lh e Leydig cell is regulated by tm: a<:tion of LH on lho
ttl! andinStudiescesgneitoassess(lienumberofrecep orsfor LHonthe Leyd ig
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<:dk. beG is frequtntly lIS«I.. _ '\$ boolo"",,1 aDdlInmunolo,al p~rties

c_ ly resemble those of LH Several stud ios M»e <lo1noIutra tcd lha. dalna# '0
.be sem,n;fnous opilllf<~um is I<XXImpa noed by 50-60". loa of testicula r
LH hCG re<:eJMo"follo,,-;o. $urJical cl)l' tore hidi5m (de Kre\JI:r n 0/., 1979)
fttllteslicular inadi ••ioo (Rich and d. KrelSer. 1979)or effe", n. duet lip lion
(Ril'" ridF ' el 01" 1981b). Allhouah .be calIS" of II\( redUCllOnin lhe numbo r of
'=pla' ,i ... for LH heG il nol understood • •Ile caperimen lal induction of
umla.e ral It:<t,,,u!a, dama • • by cryptorc hidism or dfcrtn. dl,lCt~p .jon 'bow<d
loNof lhox =q>lon ..-bereu the contra Jalera l int"'" tesu•• bo ",-edDOreduction
in recqnor number (Risbrid aer tI aI.. 1981a.b). 1besc l tud oel l Ugosl lba t .he
1U.flCloon of I..e)t!lg ~lll in IUlla of 'CSIIC'Uiar damap: is ,nll1wnl:ed by local
flClOn cll bora tod rrom ,be damqcd scmurifcroUSC'pllbetium. and emphasizes
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I.... inl<Ta<"uon~Iween I.... senunif.rous lubules and I.... inlffiubular Ii$$UC.
Mouu,....".nl of I.... bindins of ''' I-bCG 10 teslicular ti$$ue ;" .ir", Ibus

pro>'id.. a fun ....r indication of altoralion~ 10 uydiS ceU funclion.
Tile use of Ib<:oemethods in an .va luation of teslicular funclion prov ides dala

on lbe int.grilyof lhe germ cell~. rte Sc:rtolicells and LeydiJ celh and ....... menl
of I.... StalU-!ol.b<:oecells is clearly imponanl in unde1'5tandinS lbe 5e<!u.nceof
.vents "..hicb may ~It in lbe di~ruption of lbe spermalogenic prooess. TIle
lechniques described in tm. repon Stl<'SStbe importance of con, iderins lbe
Slruclurt and funclion of various celllYJ1C5within lbe:I .. tis a nd requ ires tbal in
Ust:5$ing I .... efrttU of aitn" wblCbdisrupt le5licular fu1ICtion.lbe teSti~ should
be:conSIc\ertdas a whole and nOlsimply as IWO or more functionally independenl
compone nl$.
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Morphological and Chemical M ethods of
Semen Analysis fo r Quantitating Damage
to Male Reproductive Function in Man

I I",T RODUCTI QN

ThISTe,iewwillproVIdeonly a f......' references'0 publica' ions (\<:;lling""th ad,~
elf""" of ehemicals or dru~. TI10 maon aim is '0 pr=n t '""hniques and
prinoiple< for 'he anal)'5is of human semen, Ho"..ever. tNOn' publications are
lis,e<!giving further important deta~. of semen a""I}'si' and imerested readers
.hould co",ull,h"", publications (Belsey eTiU., 1980; Eliasson, 1981).

The anal)'5is of human semen has heen fonnerly carried oul mainly "'hen a
couple had an infertili,y problem and ,110""man had heen found more or Ies<
frO(:from pa,hology Iha ' could explaIn the baT"'" union. Th" and other fonn.
of bias in lhe seleclion of men have given mos, elinicia"" and SCIenllSlSa ""rong
,,;,,'" of ,he ·!IOnn.r 1'.1.... for "lfious semen variables, Only anal)"si. of semen
specimens from mon "'ho are represent.li"" of lht: !IOnnal male popula'ion
should be used '0 asoe:ssIhe '!IOrmallimilS', Such limits are ge-n......lly defined as
equal 10 the 95·"~ confid.""" Iimi.. "hioohcan be calculated in dIfferent wa)'5(s«
Martin .f al ., 1975),There i. no rea",n to helieve that the limi" for 'normal' are
the same for semen from young and old",. mcn, Nor .hould we expect !he
'normal' Iimi" '0 he ,b. <ame in all coumties or amODi all ethnic groups,

The Iimits for 'normal' should no, he linked "'i'h 'fert~i,y" "Dee it is "'Oil
documenled tha' .n 'a bnormal' semen sample i. nol necessarily IlICompa,ible
"'ilh fertili'y . For future work on ,he rela'ion bel",''''' sc-m<nqual iii.,. and
""viroomenlal chemica" and drug:<we urgen,ly require access to relevan, data
from different ",'OU""haraeterized male popula, ions, In addi,ion, all semen
<ampl.,. mus, he roIlec1ed, ,ranspo r'ed and analysed """",rding 10 standard.
permllling <X>mparati,'O'tudi .. .

Disturbances in .. men quali,y can be eausod DO'onl)' b)' such e:<ogenou.
facIo,., as chemICal., radialion, and hea' bill also by a number of more or les.
tnvial or soon illnesses,such as a throat infection, a virus infection with fever. or
vaccinati",n. , Control samplesand conlrol groups are therefore essential in most
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sludies relalod 10Ihe possibleefT""ls of ,'an ouS em'lronmenlal faCIO'"' on <lemen
quality.

Allhough il is koo".-n lhal ,upen'ening diseascs, drull", aDd chemica ls can
InRuentt semen qualtliel; such as 'perm count, mol~il)' alld morpbololty, il
should beempba,ized lbal some melhodsdiscUMed in this w.'ieooha'.., nol as yel
been pro"en 10 be useful in lhe "udy of en" ironmen14l hazards, 1n tbi' = pe<:1
experience i, ,lili limned.

1 GESERA L EXA.\ll .'iATION' or .\ tAN

In 51udies aiming al an unden>andln g of Ibe l'O"liblr effects of en"ironmenlal
faclOn On lhe male reproducli,e orpn s it " nol 'uffi<ienl to "'''riel the
im",ligauon< 10semen analys i,. One mu,1 perform careful clinical e", mina lion'
of lhe man to e>clude malformaliOI\$. ' silenl' or subchnicallnfecrions and olher
diseases. Prod UClion by Ibe lestes of 'permalozoa (bul nol of hol1n(>nesj is well
corre)"led wllb teslicular 'ize, and measurements of lhe lesles a", the refo'"
unp<>rt>lnl.Teslicular sizeshould be ii'en in mlalld lbe easiesl alld mosl accurale
method is 10 as.sess il " 'ilh a standard orcbidomeler like that of Prader (....
Elia...,n, 1975. [Iia sson and Jo hanni, .., n, 1978: Johanniso n and Elia, son,
1978).

3 CO LLECTIO.-': or S [.\ I£.' -

In normal dinlCal =rch aDdclin"",llabo ralory prooedu.-.;sIl LSsUgge<ledlhat
an melbods sbould be carefullystandardized . If ..., know lhal fa"inlt ofa palient
i' likely \0 inftuerw;e lbe ''''nahle ...., are mnsurin g Ie.s - choleslerol or blood
sugar) the pal ienl should be instructed to follow ", rl.in rules, e,lt. f•.,ing for 12
bo u,",. Witbin. indi,'idua l. inlerindividual. aDd inlerlaboralory comparison of
dan is poMiblr onl y if the lechniques for collection alld anal)sis of $Omenha, 'e
been p"' ....ously standard ized.

Sintt lhe durm;q" of ab"'lt~~ Ixfore colle<;uon ",f a semen $llmple can
ioRuen", in pro]l<:r1ies(e.g. ,,,Iume: alld ""'unl ) lhis "ariablr must be standar·
diud. AccOrdinll lO presenl recommelldali<ln' from WHO lbe time Inten 'al
should be 2 5 day. (BoiSI:)'el aI., 1980; see also Schwartz n oJ.. 1979).

Semen 'hould Ix Milff lr d by ma'lurNti<ln and 001durinll Coilu', Inlerrupted
inten;ourse frequenll y .-.;sulls tn lhe loss ol lbe firsl (sperm.ricb ) por1;on of lh<
ejamlale and also carries lbe ri' k of contamlna l;on .'-'th ''''gina! Ruod.. hloh
mlghl cause a decrease in molihly and ,,"bllll y ol lhe spermalozoa . PIa"ic
condorns can he used pro'ide<! one has found lballbey do nOltnterfere "'Ih any
of Ihe analyscs. Rubber condoms conlain spermICida l compoulld s ,.,h;ch might
affect Chemicalanalyse,

-4 VO LU'lE

The "olume: of semen is influenced by the admixture of lhe a=ssor) genital
gland, wbich in lam depend, on lhe =relory OUlpulof lhese gland'. alld the
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time Inte" 'al between ejaculations. The "olume shou ld be a,scs>ed by ",,,ight Or
" 'ilh a calibrated centri fuge lube but not with. pipette. Samples exhibit;ngexcess
viscosity can be accllnltely measured only by the weigh, method . Normal ,-.Iues
for men bet" ..... 20 and 50 years of age are 2-6 mL

low volumes can be d ... 10 a disturbed secretory function of tbe seminal
vesid es. sometimes combined with a 1<>wseere,ory fUnClion of tbe PTostate. • nd
. lso. partia lly, to retrograde ejaculat;on : examin.t ion of a urine sample laken
immediately a rter ejaculation can In most cases provide the correct expla nation
The comblna'ion of a very 10" ",Iu""" « O.Sml) wuh a:wospermia . low pH
(6.4 6.7) a nd lack o(Fructose in the seminal plasma is t)'pical for .. men ofa man
wi'h congenItal absence of the seminal ,... icle>a nd tbe ampullae of the deferenl
dUClS. Frequently such men abo lack the vas deferenua and part' of the
epididymides.

s SI'E R.\l COU:-'T

MOSl leehniques ",qui", a dilutioo of tbe semen befo'" a sample is taken for the
asse-ssmen, of sperm coun L For 'h" purpose it is ess<;nualto US<:a co mpletely
liq uefied and well.mlxed <pee",,,,n before ,he semen" diluted arid tbe sperm
concemra ' ion determi ned. The degr« of d ilution (e.g. I 10, 1:50 or I 100)
depends upon ,he inili.1 spenn concau",uo n. T1x diluuon mu" be preciseand
the subsequent mIxing carefully carn«! out A suitable diluenl IScomposed of
SOg Na HCO•. 10ml of 3S":. form.lin . 5 ml satur at«l aqu.eousgentian violel.and
dis'illed water up 10 lOOOmLWhen a pha"~lraSl microscope is used, it is
unllCCessaryto u.. gentian violet After a d rop of the diluted St:mCn has been
transferred to tbe counling chamber it should be left In a moi' t chamber for at
leas' II}-IS minute< to olio,, ' tbe cells to sc:dlmem. Tbe commonly used "hlle
blood cell pipette doesnot gw. an accurate t:llough dlluuOllOr rruxinll(= Freund
and Caro l, 19(4). Al dilution higher than I : 100tbere isa risJ:of adhesion of the
sptrma'02OB 10 It.: glass surface which "'ill introduce a sixnificanl error.

Since ,be "ohim< of lhe .. minal plasma is nol ",gula'ed by a homoeoslallc
me<:hanism, one should express tbe flnal resull of semen analysis by gi' ing the
spcrm wunt Pfr rjaculme. a nd not merel}' in terms of conce ntralion pcr mi. A
2 ml semen sample "-;th a lotal of 120 rrull"'" spermat02O&" til ha, .. 60 mll~on

ml, bu' a 6 ml .. mple "," h a 'Olal of 120million spermaloro.l would ha.,.. only 20
milhoo mI. To report on. of these samples as 'normal' and tbe other ""
'oligozoos pcnD>t' ISInco"...,t. particularly if On<is interested in lhe OUlput of
spermat020a in .. mcn.

Tbe nor mal limi" (for tbe S" edish populalion) are from 2S to 400 million
<permatozoa per ejaculate . Ho" ..' ..r, <perm counU belo" 25 million pcr
Cja':ulatc are ""I incompa'ible wilh feni~ty. In studies aimlna at lbe early
deleetio" of ad, .. "", efJecu-and thereb y makinllll possible 10pre"enl damageS
10 ,be g. rmina l epi'he lium -on. sllould pnmarily look for chmrg,s in tbe spenn
o utput (and $penD motility. morphology . etc.) and pay less a ltention to lhe
ruul u from single an . I}1i$.
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6 MOTILI TY or SP£ RMA TOZO A

There is a good correlation hetween sporm motility soon after ejaculation and
male fertility and there is evidence tha t motility is a very sensitive ind ., ator of
sporm function . The motility of the spermatozoa must alw"yl be evaluated with
regard to three "ariables :

(1) progren ive (or qualitative) motility, usually expressed ,n tenItS of a mean
progressi'" m<Jti~ty score like good , medium, poor, and none (in prot ocol
ofkn coded as 0 = none, I _ poor, ele.):

(2) petc<ntag e of motile spormatozoa, usually presented with 5"/; intw ,,,ls since
the precision is not higher: and

(3) time after ejaculation, expressed in bouN .

Human spermatozoa can show good mOlllny and viability in the seminal
plasma 24 bours after ejaculation but in some .. mm .. mpl.. the nt¢\ilitydecl in..
much faster . A rapid decline in motility could be due to infections (e.g. E. CQIi ), a
prostati c d}lful1Ction or a disturbed orde r of emission of fluid. from the pro state
and seminal ,~icles, but in ma ny instances one i. unable to idmtify the cause.
The re is no known correla tion between ·' u,.,..;"a)' in the oeminal plasma and
fenility , One rearon could be that spermatozoa $OOnafler ejaculation leave the
.. minal plasma and enter the cervical muCuS

Addition of human ... rum albu min to .. men immediately afler the ejaculation
can lead in about 50"/, of lam plts chara cterized by a rapidly declining sperm
motility to a significant prolongation of the motility, This indica tes that the
composition of the ...minal plasma is of importance for normal sperm motility
and viability ('lee L,ndholmer, 1974).

Several methods for objective registration ofsperm motili ty ha'" recently been
published ("'" louannet e, al,. 19TI: Makler, 1978: Don . 1979). but despite mis,
most labo ratories a re using the subjecti'" rat ing and w,th experienced tech·
nicians this sho~" good reprod ucibility (oe< Jouan"" t, 19(7).

Va lues compat ible ",th fertility a re "' 40'\ motile sperma tozoa with a mean
progressive motility score of 'medium' or 'good' less than I hour after
ejaculation. Low motility of ejacu lated sperma tozoa is probably a more sensiti'"
indicator of disturbed t.. t., ular (and epididymal) function than sperm Count, and
there are ...... ral reports that mot ility decline<before the re is a decrease in sperm
out pul when men or animals are oxposW to to~ chemicals ,

Sperm motility in either ~rvical mucu. or some othe r suilabk medium is of
great ' '' lne in lhe work-up of men with an mfertility prob lem bUlthe uoefulntsS
of soch labo",to.y ttslS for slud ies on potentially hannf ul ><enobiotic factors is
unknown. II ... ms safe to ss<ume that enviro nmenla l facto," will not primarily
induce production of 'perm immobilizing Oragglutinatin g antibodies. The test<
would therefore most likely only reflect lhe genera l mol ility of the spermalozoa ,
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7 SUPIl.A\' IT " L srAI~ I,,"G TEC HN] Q Urs

It .. importanllo distinguish bel"~n Ii.... and d~ad ~rmal(}>oa when the .. is
< 4<r~~ molile spennalOZoa .This can be done wilh a supravital Slain like c""in Y,

(I) A 0.5". SOlution of eosin Y in 0.15 .. pho<pha1t: buffer ism~ ",th an
equal "olume: of ",men and af"' r I mmul<: a tlun .mear is made on a cl<.o.n
micr""",p< slid•. The Smear is dried in air and lben .xamnlod wilh a micrUSC<lpe
with ""gali.., (i.c. anoptbral) phase<onlra<l equipment and an 100" objecti.'e
(oU immersion). The Ii"",«Us are lijht bluish (or violet) and ,he dead ones are
yellow . Some:cells are ·half~tained· and this can cause confusion . If a parI of the
coli is brighl yellow i' 'hould be claS!lifiedas "dead".

(2) Many laboratories are 00' equipped wilh a ""gati.'c phase<onlraSI
micr"""""", and in Ihis case lhe folto",ng technique can be used. 0"" volume: of
seme:n (usu ally a drop) is mi«d ",'bI"" volumes of an eosin Ysolution (I ~~ in
distilled ,,'al<:r). After 30seconds IIt= ."Iumes of a l~~ nigrosin solution (in
dislilkd walcr) are added and lbe sample is mixed . A lIun Smear is then mode
immedialely and air dried . Such. Smear can be examined under normal oil
immCf1;ion microscOVY (100)( objecti"c). Li"e spermalozoa a.. umtained
(white) and the dead ones are red . (For ref..... Ehasso n . nd Treichl, 1971;
EIiaS!1011. 1977.)

II MO RP HOLOGY

To a<se$$properly lhe sperm morplloloaY 0"" mUst employ a staioina technique
whicb viSll.lizes nOI only 'he head (ind acrosome) bUI alw the ntidpicce.
protoplasmic droplel (if pre$Cnl) and lail . Acceptable staining lechniques are for
example Ihc 'lighl modificallOn of lhr Pap.anicol.ou. lite Blom. and the
Brya n- Leishma n lecbniques. (Fordctails .... IIclscy rr al.. 1980; ElialSOn. 1981.)

In lbe palt. most s,lIdioc$lu" .. bttn rest""led to the morphology of the .perm
head . Funbermore. in somr publicalions immalure germ «lis have been
included in definina tllc frequenC}' distribution of lhe spermatozoa. This is
unfnrtunatr as illustraled by the follo ...ingcxample. If a 5m>Cnsample contaiO$
~. 'immalure cells', 20',~ '0 ....1heads '. ere.. the obsc" .. r has \\C1.....lly~ountcd 70
sperm he.ds ( .. 70 .permaIO.ZN) plus JO'immaturc «lis' The lrur frequency of
'0 ....1 head,' per lOll 'jWrrna'o=oais Ih'" 29"1. (2Q,70 .. 0.29) . It is lherefore
difficuh lo~ompare .... ults from SlI<h'tudioc$with those in whiocb'immalure coIls'
wcre nol iDeluded in lhe frequency distribution of 'spermatozoa '.

In the p..... nl ... ,.w the lCrm'normal' morphololydncs nol refer to anythinl
otber than 'a configuration which pl'CSCntlyis delincd as normal for head.
midpiece. an4lail' .To male comparisons bel.....,n diJTe.. ntlabol"alorics possible.
a common techniquc for a<se$$mCOI1$ I'ICCC$S&ry. Preferably the WH O recom·
me:ndaliam shouk! be generally acc<:ptcd. thereby . 11o" ' ng a benrr agreemrnl
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Tabll: 1 PriDCiplesfor~ usa>"..", of bwnan ,penna'''''''

Clau ili<ah"n

Midpioo<
.~

A b""""", 1bead
Too "''fO

3.ll--5,0

5.0- 7.l1
~-~

>5 ,0

Widtb
(omt) R.",.,b

2.0-3.0 R"", "'r ......l .bape. 801d.....;1>0
form• •~""""; .. normal

A ppr<>ll. 1

> lO A . lon& .. tl><. bop< appr<>ll;rna t<o
OD"Y.1l;, io to be <:<>Un,edprtmlLriIy
..,.,ordinllO iu oize(Io~. 'lDlIll.
taporioc)

Too ..... 11 <l.O <2.0
TaperinJ >5 .0 -eao

<5.0 <2.0A __

Duplica,e
Pu ,.. hapod

Abnormal midp,= >8 .0 >2.0

Abnormal cytoploormr:
dropk~

Abnormal lOil

R. u"k nl ' h: ""idth > I.S

Va""". In<,u "'r forms in<llidinl
tho« .o 1ba """,bi""n"n of irro... ·
lar arid olonlPt<d shape

Bo' .... o "",,1 arid taperi".. ro'JI'lar
otIap<.1m ...... ' fonll. ~~.

prded as aOlOlJ'bou•. Borderl"",
asnomuol

M isl inJ or brok en modp""","a..
also abnormal .

Wbon la'fOr ,han half of ,be >p<rm
.~

. ... b<ol::on,coiled (0'" boot "'" asym_
m<Irical imortion). or <bon "'ilo

From EIiaooon. R. (1\1011),~ 01'.. -. 10 8....... H ...l <IeK ...... ,. D (E<b, ) TIt<r",.
Ito..... ..-. No" York

on ",'ha, 1$ 'norrnar for d,ffe.. n, populatlOr1$ (~ lkls<:y " a/.. 1980: Eliasson.
1981).

Guideli fOlclassification of human spermatozoa a .. presented in Table 9, l.
It is, h" r. Impossibk to learn how '0 cla .. ify ","rma lozoa from this "'bk in
s""h a "'ay 'ha'aceu,,'" comparison. can be made wi'h "'her obs.n .... : 10
classify ",""",,'owa. trainint "';Ih ,ho assi''''rtC< and supe,,;,iou by an
e"per1Cn<ed pe""n is requ ired. Trainmg cen,res and esta blished ""ays for
interla boratory control< a .. tbemo .. ''''rem .ly' important.

It a ppea rs 'ha'human mak fcrtili,y' is sipific:antly affected when Kmen
samples contain mo .. ,han ~,~ abnormal ","no bead, and Or more than 2S·~

defec'ive midpieces and 01 more 'ltan 25' ,. defect ive tail:!,
T ber. i' uo doub< 'hal ch.mical< (and perhaps als-osmo kin g and alcohol) ca n

Indue< changeo in ,be morpholo&y oftbe human 'permatozoa. W. don', know



w""'her Or to what utent _such chang'S w,lI aff""'t subsc<Juent gen<rations.
nor do we know 10 what dez= differenl chall#S ;n morphology will affecl
fertilll y (for reference see Wymbek and BI'IloCe,1978, Jolfe. 1(79). When ... men
samples from the same individual are anal)w O'"ef a period of many l"'al'1 the
sperm mo.pholoilY is SIlrprisingl)' constant (Hartman et ~/.. 1%4; Macle od ,
1974: Eliasson and Samuel$son. to be publishod) . A dl{m~ in morpholoilY is
therefore an indicalor of exposure '0a muta genic agenl (Pro,id<:d one can
exclude faclors like mfecli""s. alICTgicrca"'ions . etc.) and should a ""a y. he gi,'en
allenll""

In .umma ry. spenn morpllology is probabl~ a ...nsu"." indica,o r of ad,."""
elf"",,,, How.",."r, 1'''' do need many more ",ell-planned and well-<:onduct<:d
studies 10 uudmtaud lhe significance of dill"'ent abnormaliu'S .

9 QU,l.:"TIT,l.nV£ ASSrss~ 1 E:'Io'T Of CELLS OT HER THM"
SI'ER.\IATOZO,l. I'" T il E S[.\ 1£N

A, dillClJssed earlie r. spermatids and o'her imma,ure ""lis resulting from
spermatogenesis 'hould not he reporl<:d as part of the differential count of til<
spe'matozoa . Sperma'ods. spermatoxytes . wh,te blood cells (WBC) . etc . should
instead be rocord<:da1 number of ceUs of each type per ml of per ejaculate. One
method to do 'his ",oco un't"" numbn of a gi,."n cell Iype (X-cellsj fou nd in ,he
Slained .mea r ..',hin the same fields as 100 .pt'rmarM oa and tben apply the
formu la:

SI'" x X
number of X-cells pCTml _ 100

",'here Spz is the numbor of spermalOzoa pe, ml in the ejaculate and Y is I""
numb<r of X-cells count<:d in the same field' a. those containing 100 sperma·
tozoa . A normal .. men samp le . hou ld no, contain any immatul"t cells. Their
occurrence is a sign of di$\uroontt in lhe lCSlis. The OCCUtrentt of immature cell.
in ""tntn from tntn exposed to polenlially toxic factors should always b<
regard<:d as a n indicalion of an ad,.""" elfec!.

Normal ""tntn does oot contain leucoq1'S, lbci' p"""l>CC can indicat e a
genital infection. an allergic or immune reaClion in the a<XCSSO.y glands. o. be
due to a Ionl period of abst;lIC'OCC(> 10 days ). The absence of 1e1lCOCytesin
""men i. no proof that ,here is no infeclion or inflammalion ,n lhe acccs<ory
~nital glands . Haemospermia i' frequently a "i" of an Inflammation in the
seminal vesicles or in the prostate but may also occur ..,thou, any demonstrable
dysfunction Or diSQ'" in I""",, gland •.

During: Ih<ir passage tbroUjh the e",didymis .permatozoa underao a matu",hon

process, Oneexample of such a change;~ Ihe increased stabilily and condc-n·
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sat;on of tbe c)yomati n. Epid idymal spermatozoa unde rgo d..:oodellsalion and

.welling In thepresenceor sodiumdcdecylsulphate($DS). Ejacu la ted 'perma.
tOl'oa fmm all subh uman mamma lian """',,'SOludicd arc . on , lie otbe r ha nd.
res ista nt ,.'hen e. poMd to SDS, Prc,rc atmc m of ej.a<ulated spcrmaIozoa with
tbio l rt<!ueing 8.iCnl$(e.J. di'hio th ,..,itol) indOCC$immediate s",-.l1ini in a SDS
solu tion. Tile resistance to SDS a lonc is lbercfo,.., mos t ~kely rdIect;'4l a degree
of maturation of tile spermatoz oa (Bedford "~I.. 1973b). When lbe sperma ­
lozoo n ItaJ emert<!the egg. the chro matin mu.1 underi o a dccond ensa tion to
form tbe male pronucleus which IlIen fuses wilh IIIe fema le equ ivalen t . A
diSlurb<:dahd ity 10 ulldergo decolldensation at tbe right time can themo,.., be a
seriou. abnormalilY .

Ejac ulated human .perma tozoa are Ies, reslSlanl than tho se fmm oubhu man
species. In semen from fertile men one usually fit>d. 10- 30% spermat<>zoa which
ha,e unde rlIOne ''' 'elllng if e.poMd to a l~~; solution of SDS (Bedford er ~I..
19730.:K''is! and Ella....... 1980) In ..".., n ... mpl.. from men "'i th an infertili ty
problem it is notunco mmon to filld > 40". of the sperma tozoa 10 be affl:l:ted by
50S ind ical i'4la rela lion bel ween chrom atin decot>dcn... t ion ability a t>dfmi llty
(EJia!SOn a nd Enquill . 1981).T il<SDS teS! is. however. not a specific measure of
'epididymal matu1'>llion' of hu man spermatozoa since tbe co mposilion of IIIe
.. minal plasma can influencetbe reaclivi ty am Ihis must tbemore be control led
(Kvist er 01..1 980: K,; S1and Eliasson . 1980).

To tesl the nucl ear deco ndeIl$ation abilily . one pari of " me n (O T washe<!
.pcrma tOloa) is imxcd with ni ....parIS of I ·~~ SDS in 0.05 .. «<Hum bora te buff ,
pH 9.0. The ,..,act;on 1$ .Iopped after 2 hours hy addi", an equal 'IOlumeof2.5~...
glutaraldehyde in 0.05 .. sodium borate huffer. pH 9.0. T be degree of nuclea r
.we llini is semi-q u.nt itati vely a' ..... d und.... pha .. -<:ontr .'t microscopy (5lXl ~
ma""fication) alld ""ort<! a. ind iealed in Table 2.

Men 1aI<ingthe drug ... Iphasalazine usually have oemcn .. mples with a Io" 'er
than no rmal percenta l!"of stahle spermato.zoa (ohscn' a1ions to be publi,hed ). [n

Table 2 ClusiDcatioo of tl><.,,'dlio,of .... bead. of ej ...... ted bllmaD .perma'ozoa
uposed to oo<liumdodecyl .ulpha te

S,able

O""" IY""" IIe.

No vioibl<eha",. in .perm I><ad
COO~lUf",ioa 0< licb'refraction

N""Ie'" bu ... ned to __ It
dartcned oDd .... 1iJhtrefraction
o!moo' dioowca .-.d

The 'W' of tl><bead bu ilrrcuod
:> S timesand the """ ..... hu
a!moot the sam< liJh' rrarwniwon
.. rl><bM:kJfOUDd



another unpublishod study ,,'e ha"e noted that spermatozoa from men mod·
aatel y exposed to lead had spo1"motozoa,,'hich woromore ""istant than those:
from a control group of unuposod men, If th.. could be confirmed it would
indicate that load may in some ""y interact "' th, an stabilize, tho S--Sbonds in
tho chromat in. S~rmatozO<l unable to undergo decondenloati¢n cannot fertilize
an egg and tho obso...."tion is thus of .. ge". ral biological interest. It should bo
emphasized thai the Yl'ithin·1Ddividual '''na tions are smaU under normal
conditions and chanF' should the"'f"'" be regardod as a sill" of an a'h erse
effect.

11 ETHIOIll:\1 BRO:\IIDE UPTAIi:E BY SP ERMATOZOA

Ethidium bromide (EB) binds >pc<:iIioallytn double-.mmded polynuclootides
and the amount can be asoesscdby rnicrospectroOuorimetrio analysis. Tho
upla~e of this fluon:scent ,ta in decreases with matura ti¢n of the s~nnatozOl.;

ejacula ted normal human s~rmatozoa have about 50-60'';;, of tho Ouol'eSCenee
' ''lue found in s~rmatideo of tho Sab ty~ (Jobannisson n <:1.. 1982),

A thin smear of semen is made on a clean gIa$s ,Iide and imm«liately fi<ed for
30min "' ith methanol Tho smear is stained YI,t h lOB (7.5 I'liml dlSulled water),
air dried and examined under oil immersion (objecti, 'e 54 x ) in a microfluoro­
met..- eqUIppedfor i""ident light. Tho excitation light is S46nm and tho emissi""
obse ....-ed at S90nm. The fluoresce""" emis.sion is measured using a phOtO­
multIplier hI"")' seIl$iti,"t f"r red f1uor=ence light and exp..s.sro in arbitrary
unit< YI'tha standard population of lymphocytes as dIploid refer.""e ""Us.

The RNA Interfere""e can bo eliminated (and quanmat; ,"tly measured) by
treatment "f .. para te smears w;th RNA se for 30min at 37 C before staining
"'ith lOB (see J"hannisson., al.. 1982).

SpennatoZOll fr"m men takinll sulphasalazine and from men ,",ith infert~ity

problems frequently hav. hiiher f1u"""""nce ""'lues than s~rmatozoa from
men wh<>se..ives are pregnant in the first trimester (Jnhannisson and Eliasson,
1981), It is unlikely tbat the diffe",nce is due t" differentam"unu "f DNA and
the assessment nf lOB upa.l:e by tho spermatozoa is tlle"'f"'" "r "",lne in tile
anall"lis "f the POsl-le<ticular s~rm ·rnatu",t;'m' (see also Gledhill, 197(1).

12 RELEASE OF ENZYMES FRO:\1 SP ERMATOZOA

Spermat" """ from many speciesc"ntain an isoenzyme of lactic dehj<lr<>gena..
(LDH-X or LDH-C4) wlnch;s sperm specific,The llCCIIrrm "f this isoenzyme
in tile seminal plasma can be used for ;u.ses.sing damage t" tlte sperm membranes
(Set Eliasson ., al" 196n M"'t li~el y o ther spenn·spec ificisonlzymescou ld also
bo used f" r sorh an aMeSSment.

Our present technique for separatin ll and analysinll tile LDH-C4 activity in
hUImD!il'minalplaslm IStil: sameas pn:vklU~ly pubh~1led (Eliassont r al., 1\167)



272 Mtt Mds / 1NA.........iIlg IN EJfuu o/CNmiaJu "" Repr~U~ f ime ';(H"

with minor mOOificauon$. TIw:semen sample ( :> 0.8 ml) i' alk>we<lto liqu~f~ and
then placed in a ,... tor bath at 17'C for .4hours. TIlesample i, ctn trifuge<lt",lc.
at 1000~ g and the seminal pla, ma removed for fur ther analysis. The total LD H
activity is assayed by tho:NADH method Tho:el<>:tropho~is is performed on
apr .... gel, a t pH The l>and1are identified with the nitro-blue tetrazo liu m
$tainmg mMhod and tho:qu.ontitati"" a~<ment is made with a densItomete r.
The activitY is upressed in nano katal pe r 10" ,permatozoa.

Semen from fenile men have a mean relea... "f 10nkat llO' ,permato""," (9S" ~

~onfide"'" urn". S- 27). TMre is a .. gnlfiaond~ hIgher acltvity in many semen
sample, from men ""ith a barren union (mean f"r the whole group 20 nkat 10'
,pe r"", tozoa). tn a sepal1l.t~ group of men taking ' ulphasalazine the mean
an i,; ty of LDH·C4 wa, about 4On"t 10' ,perma tozoa and there ar~ rea$Orl'
to bell.,... tha t thi. i' due to the dru g and not the unM rlymg dlSta5t. TIw:
occurref><%ofte1ticular <;<:11,in the sonen ",'illgil.. fal.. high ,,,Iu ... (E1iasson rt

01. 1980. and to be published).

tJ .-ORM AT10~ OF LtPlIJ P[RO XlIJf.S B\· THf. SP[R~ IATOZOA

Disintegration of biological membran.. i' accompanied by the forma tion of lipid
pero~id.. (LPO) and meaSUrement, of LPO format ion by spermatozoa cou ld
tho:refore",Oect nabilit) · of the membranes. TIw:method ha' only been used in a
few studies on human spermatozoa and iu usefulness for detectina toxic factors
ISun kn"""n. There a re. bo",..,..". sillnificant dilfe.. """" in the LPO f"rmation by
spermatolOa from dilferent men. Tho:secretor)' fu....tion "f the prostate and
semmal vesic.... ~pecti'.. ly. <eomsto be of importance for the LPO forminll
capacity by ~'asMd human ,permatozoa.

14 O[TER~ llN"T10N OF Z'''C A"·O OT HER IO~S IN
SPf.R:\IATOZ OA

Seminal plasma " ,"tly rich in li ne (and many <Hher metal i"n,) and the
'permatozoa mu.t theref"re be separated from the pla,ma befo.. an analysISof
their zinc ~onten t can he mad~. Ord inar y wa,hln g procedure<in"ol"e a llreat ri. k
of zinc 10..... and for the isolation procedure one should therefore uSC
centrifUll'lti"n thro ugh an indifferent medium (e,ll. FicoU or sucrose) {F.".
ref.renee ... A" "tl and Elia""" . 1980).

We know that tine Can inOurnce ' .. "r al functiona l properties of the
spermatozoa. We also kno"'· that .permatMO& from mw "'i th a disrurbe<:l
prostale function ha, .. an abnormal uplake of zine and that spermatMoa from
-fenile· mt11 ha ,.. I""'"erzi....cont~nl tban ,perma tMoa from ·inf. ni le· men. The
zinc con t""t of spermatoz"" can be of impor tance for their fert ilizing abJli t ~ and
it should th.....forr be of int~r.. t to further clarify how the c"n tent of zine and
other metal ion. ;s inOuen«d by different ""do genou. and nos"" "u, factors .
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13 SECRETO RY FU:"'CTIO N OF TlJE ACCESS O RY
GEN ITA L G LANDS

The secre10ry function of the .ca:sw ry genit.1 g1.nds should be .sse ssed in .n
studies ",I.<cd to tbe functional prop<rt;" , of the ' p<nn atoz{)ll , ince tbe
composition of the plasma can influence the functional properties of the
sp<rmatozoa . The secretory function of the prosta te is evaluated by ana lysing
~.g. acid phosphatase activity. citric acid. line. andlor magnes ium. The soert tory
fu nction of the semina l vesicles is u..... ny assessed from the fmctose con ­
centrat ion but prostaglandin , are also $p«ific products . Since the different
lllaDds are functiona lly ' multiglandular It is recommended tha t more than one
factor from each gland he studied . No factor has ~n proven suitable for
e,,,luation of the secTetOry function of human epididjm i. or bulboure thra l
glands.

The "o lume of the ..,mina l plasma is IIOt regulated by homoeosta tic
mechanisms alX!one should therefore all'o'a)'sgi,'e due attention to the volume
I'o'henspecific secretory prod"",s are analysed or gi,.., the total amo unli (o r
aeli"Ily) inslead of co ncentrations or relati' " activities ,

During ejaculatio n the differenl gland, dis<ha'l!<''helt product< in a sl'<"lf",
sequence . In the healthy human male tbe first pa rt of tbe ejaculat<:conta in. fluid'
from the prOSlateand the ampullae of the deferent ducts and thus also the bulk of
the spermatozoa . The laS!pan contains mainly fluid from the semInal vesicles
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Fii"te I O" ,, ;but 'on of .permat", o•.• oid ph",po.tase .« ivi tl'•• nd ["",,_
concentration i" . ix fraeti""" of split <joculate, (From Eli..... n. R. •nd
Lindbolmer. C. (1976). F."" lions <Jfmok =»<>'1' .. nital orPJU, In Hoi'", .
ES .E, (Ed,) H"""" S- ....... fIId Em Uity 1!,!ukI'iM"!.Im 11><C , V. Mooby Co"
St Lonis.)
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The diuribut;on pattcm~ can be ",udied by cOllectiog the ..,men as a 'sp lit­

ejaculate' in at \eMtfour portions: t~y art illustratedin Figure9.1(Lurdquut.
1979. Etias$On and Lindholmcr. 1976). Since each individual Ita. a .pec ific
panem and there i. no guarantee that eyen the same man al different OlXa,iOn$
will ltave the same .mount of fluid in each fraction one cannot pool the d.ta.nd
oakulale mean, and .>Ianllar<!deviation"

The oolloot;on of an ejaculate with the ~plit.qarulate techniqu e is very helpful
in stud; .. of the excretion uf ,pecifio product~ into the semen and it also permits
one 10 understand the nalure and magnitude of ejaoulal"'y d).function$. E'en
minor disturbances of the nerves regulating the emiss ion could ba"e a serioWl
dfect on the ejaculation p1'<:>Ce$$. If the .permatozo. are di scharge together with
the v.. icular fluid in~tead of the prostatic fluid their motility and ...... ival are
ad,.,.,.ly affected (For refetenet..., Eliasson and Lindholm .... 1976)

T he possible importance of the acc .. ,ory gen ital gla nd, and the ir secretory
producto for the functional propenie. of the human .permatozoa and for male
fenility has long been neglected and our know'ledge in thi. field is the"'fore
limited . However. e~tended biochemical analyse> of the seminal pla.rna will in
the future give informa tion of importance fOf an eaTlydetection of disease an<!
adverse effects of xenobiotic facto," on the =$Ory i"nital gland. and aJ.o
increase our und .....tanding of lhe role of these glands in human ",production.
The published evidence 5Upponio g these view. should "imulat e research io this
e,.
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C 19lJ SCOPE

The Mamma/ian Embryo and Fetus In vitro

D.A. T. NEW

1 ClJLTL RES \'S TD IS

Cullu", sy' tems have a number of ad"a ntaF for the stud) of mammalian
embryO$.They allow dose and conunuous observation at aU ,tages of embry'onic
dev.lopment. and of embry'os tOOsmall 10 be obse....-edin the ule",s, They' also
allow precise control of e~perimental oond ilions. a nd rnablea cleard ini nelion \0

be made bet"~n direct .ff""ts ofa treatmenl on the .mbry 'o .nd tltose r.... ltinll
from interact ion belween the trealmen t and the maternal metaboli'm

For a culture ,ystem to be of value in a~,ing the effect<of chemicals. it is
cssontialthat il be capable of supponing normal p-owth of 'control" .mbryos
Although .n sta"" of embry'o fetal d",,,lopment can be maintained in culture.
there ar eat presenl only I"" periods of de, .. lopmontthat can be ,upported "'tb.
high le\"elof reliability. They' are:

(I) egg to blastocyst (preimplantation Slage,j-particularly of mouse and
rabbit:

(2) early fetu' (organog<nesi, )-of mouse and rat.

Methods forculturing.us and blastocy~1S ha, .. bttn a'"Rilablefor many years
and are well known. They provide a .imple method for t.. tinll the elf""'"of
Chemicalson the earliest stag.. of d",-.Iopment. Ho".. ' .. r. these preimplantation
nnbryos ha'e con'iderable capacity for roco'""y aft.r injury. and it is the lat.r
stag.. of d"olopment. particularly during early organogeneo,•. which a re lhe
most susceptible \0 permanent damage . Culture method' thai w~l rna,nta,n
embl')"OSdurin,l organOllenesi, (New. 1975a) seem lhe",fore likely to be of
panicular \"alu. for a..... illi embl')'oloxic elfoolSof che""c.l,. and mQ$tof the
followin,laCCOOntwill be co~med " ith lhem.

1.1 Typn of Embr)'n Cul,a", Slst oms

The main t)l'C' of cultu,.. sy".m, in uSCin our laboratory' .re ,ho"'O ,n fi,lU,..,
(a) petridish cultures , The nutrient medium is placed ertiter as drops undor a

l.yor of mintral oil. or is conl"nod in a walChg1." Such oultures with "at.,
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(non ·ftowing) medium ,up port Ille growth of ew and blastoc:ysts. and of
post implantalion embr)'os up to earl)' bmi).bud ' tag.. (25-30 $Omit.. ),

(b ) Roller bon"', The culture ' ..... 1sa re .mall c}'lindrril bonles in whi(h
part of lhe ava ilable volum e i. filled "ith nutrient medium (usu.al1y "n serum)
and the remainder with the required O , IN, /CO , mixtur e. The bonJes are laid
honzon tally on ro llers a nd rotaled at 30-60 ",v min during incubation. This
method suppo rt ' beu er de ,..lopmen t of pos timplantat ion embryo •. and to more
advanced ,tages . than ca n be obta ined in ,talic medium. It is alJo part i(ularly
useful in experi mena to test lhe e1fectof an agent on embryonic development;
lhe co nu nuou, moVement co,um maximum and e"COeXpoJureofthe embf) 'o to
lhe agenl .

(c) Rota tor. In this ')'Stem .• mall cul1ure bou'" a re attached to a hollo '"
ro tat ing drum . The oxygenating ga' ;, pa , sed continu","]y Ihro ugh the drum
durin g the culture period . The method pr<>vid.. a co n$lant 0, a nd CO,ltv c! a nd
mInimum "ariation of p H in the cullure m«\ium .

(d) C irculat",..The embryoure a nchored in a smaUcbamber Ihrough ,,'hich a
conlinuou, 0 "", ' of medium is maintained . The m<>:IIum Il oxygenaled and
caused to Dow by a meam of bubblC!lpa"':n, up a slopin, tube . Because the

<II; H_
<yt;.-, fold
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embryos are fixed in posilion. tbe method allo" " lbem 10 he ob5<:r\'ed
rontmuou~~ throughoullht cultureoenod.

1.2 Du",'ion ond Rote of G","l h

Figure 2 .bows lhe penod. of d"'t lopmenl of po$limplanTalion ...1 embr)'os
lhal can he maIntaIned in c ~lture. Embr)OSplaeed In cult ure at "" " ylmdcr (S
day) stage can he maintained for 4-5 days and srow 10 3l}-40 'om ite stages
Embryos placed in cullure at later stages develop for progres,i.'e ly .horler
periods,

Figure 3 compa ....... 1.. of protelJl .ynlh ....s by ta,embryos in 0;"0 and in
"ir", _ Up 10 the llt..:,lay Slage, tlo: ral. of prol .in '}'nllo:si. ill "ilro i.
Indistinguishable from lhal in ,,'vo:~ft.. thIS, the embryos in \""0 grow more
5lo""ly (altho ugh ral.. of organ ditlhenllallon remain ....arly normal) . The

.. '.. '" '" H. ".'"II" f,om.""" opt"." Id..... 1

F...~n: J PrO<<ID """I<lil of ral emk)· ... ... planted bet.....,., 9
and t4 d.ys of l¢SI.ti"" ond tro " 'D I/O ,j,,,,(0(l<Dcircks ). com pared
wilh I' '''''th in n>(>($ohd oircles)



T~ .lJamma/ian Embrya and Fe/us in ;-ilra '"

F,iU'" 4 Top I<fl, bead_fold eml" " ", .. explanl«l al "! days' ~Ijan, TOIl
nih t ' Emb.,.", pown for 32 ~oun;. ,i 'Q (upp<r ro" ) and in ,;". (10,,'", row). All
cig/lt <mil!) ',," Or< from the >a m<: ra', Bottom : Embryoo Jro "n for 018boon m';'0
(up".' ,o w). nd IJr '; ' rc{Io " . , 1'01',) . All eight embryos . re from 'he" m< rat . (All
tl>< pl>ol OV"p hs . re "' t l>< .. me ""'JI'di<01lon ( x II)) (N, .., " al" 1976b)
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dilfe"""'" IIIJ1O...-tbrate after II! daynl""""t eelU,nly ~,,1~ from the IKk 0'"

fllJ>CoonalaDantoM: placenta in cult"",.

1.3 IWIaIoIIity

The eu1lu",,~ a", ummely "'liable for rat embr)'olI dun.., till: 48 bout
period bmo='l bead-foldand carty Iimb--bud RaF' (9~-11 1 days) . (}.-er 9~. of
tho emb<yoa form a blood arwlat. ::llla..t <k>,,1op lIOrmally duritl& tIbt pmod •
.-ith rates of proteUI tyDtlaa a..t dtll"err:ntiatioD iDditwlpasIlal* from tlQe ill
..... (New ~l 111_ 19761>). TIIiI ca.a be particularly -a ""-n by companIlI till:
<k>elotw..uJI mcultun: of till: cmbr)ooa fromOMuterine bon of a rat .,t.II that of
tb< cmbrycJs left to IJOWill tinI in till: other uteril:lo born (F......, 4).

U Sc.iri"I) -

Obsen'atiom on tIM:irnrntd .. te elfeclt of cbcmiab 001eIP a..t blu~.,u III
cui",,,, can oltea be aUp>eflted by nudy of 10l1li""""" dl"<cu al\er tIM:
eg,blastoe)"Su haY<been mllmod to tIM:ut",-,,-

P .. timplantataon m>.bryOJ<;aIIfIot be m"n>ed to tIM:Ilten1a for o:onunucd
""'rlopment. Ho~_. atellSl'~ orpDOJC1>CSiaOCCURI', tbJn a 2-3 daywlw..e
pmod . and by eomlll",nl n>orpl>oJog;ca1and bi'to!olical Ot>servaUOM ..., t.II
determinations ofbean rate. protein and DN" content etc .. tbe s)'Stun provMlCla
.. nsitive tcs t of the KUon of toxic aFn~, If mc..-e.ucd ..... ,tl\",ly and or
disorimm a tion is n«dcd. it mal' be obtained by:

( I) locreasillj l11enum bers of embryos cultured. Ileca usethe culture '}'Slems arc
both simple anti reliable. it it feas ib le to use 5<1-100 em bryos ror .... h dos.oIC
of a leSt allem. and rcdetect abnormalities ap pea ring in only a rewpercent of
cxJlO5Cdcmbryoa.

(2) Mak inll deta iled mea.uremenIJ of .. ltcted paru of the cmbl'}'Olll. T hi,
method _ • .-J,n a ttudy by Cockroft and New ( 1978) of the efl"cc~ of

Table I M..... p«><ClIl.C1'(>WD- ...... p IcnJIhaDd ......... n"",t>en '" ral tmbryoo
caJrw<d a' ddrCftll, , .... pora,_

N." ~ ~

C__
"-

T~_ --e_,.. U.% .... ) (..... :1.. . .) Ct .... )

~~ " " II' %10 1.31:!:o.o, 2U :l:1U.. e-c " " 1161: • l.ll%Q.0I 26,.:1 Q.l

""" "
, 122 %10 l.6J :!:Q.09 UI tQ.7 '

.I .K "
, ~, . 2.\ . :11.06 - '

'. _It.COIIen _'s. __ ,-.
_~ __ ,l""
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Tob!< 2 Frequco;:y of cenain .ba",moli,ics foood in • =bryos cuI'ured ., dilferen'
,..",pero'o ....

T_ of .baormo~'y

Nou,.. ] fokb -No. of A~_ M icr.,. """; cordi . l ,~ om'
T....por:uon: m"'"m.,~ "'~, - oo'_pooI ,.•
'.O'C " c c o • •
~.O'C "

, , u c c
40SC " " to , o •al.l)'(: " " " "

, ,
F""" Codroft uol N.... ,m

hypenhoermio. Embryos ""ere ;,.;ubated at 38 C.4O C 40.5 C and 41 e­
The .mbr) 'os at 40.5 C and 4 1 C w.r . ohviously abnorm al. Those al 40 C
showed noel""r malformat ions and the protein con tent was similarto that of
the controls., 38'C (Ta bles 1 a od 2). How.' ..... it WOJ SUspcc1e<1that
they ""&hIbe mi",,,,,,,p!lalic, and litis "'... confiTme<lbydeta~e<I co"'Panson
of head measurement> with 'hose of controls, aDd by deteTmi"alion of
heed,<:mbryo pro tein ratios (Figure 5 an d Tables 3 and 4)

0) Injection method .. New and Brent (1972) .xam.iDe<llhe effect of yolk·sac
a ntibod y (shoeep anti -tat -yolk..... gammaglobu~n) on tat .mb,y"" in
culture . At concentrations of 0. 1ma,ml, the antibody causod Sf"'" .....
tardation of sro"'lh aDd differentiation. 11"'.,.s suspected that thoeprimary

FilUre 5 Oio.,...,.. obo..;nl <ide 'ie .. 0<1'\) .od
fron' .iew (ri.Jht) of b<ad n:Jior>of 1'1' tmbry<>
<<planted.t ~ d.jo$of ..... tiODar><l""",," '"cultore
for ollI hour>. n., diapam. <bo... m. four b<ad
dimemioM 'ha'"'....n>easUred.od ,he pooiti"" of rhe
cor mad< for _.t<hea<l .od 1>od-yprotem
d.ter min.tiODO, '. hea<l lenll!l. b, lrnJI-hof
t.oIen«phaJOD' c. ""-lIhr of .... r>c<pba1oD; d, width
.croos te~p/laIo<I (Cockroft ." d N..... 1m)



Table l CompoIi"'" of bu<l 'e","' )'<1J'foteiu <00 10<11'""iooof "'00,," of "" e"'''')'05
.,.t eW fortotalJ)l'OIMcontent all.. eulture at ;B and d(l 'C

Tempera .u ...
No, of=.,.
'"'"

Total emb<)'o
ptotein

l.uI:!:l,e .)

161 ± 9
161 ±9

Head,fembr)o
pt oteUl ra.;o

( :!:•.•. )

O.29S±0.003
0.2111±O.OOS

P<O ,02

F'Om C.,. krofl • ..,j N.... . 1971.

etTeet was on the yol~-<ac endoderm Support,nllevide"". " .... ptO\'idod by
,njection of the antibod) ' into .. lectod ...g,ons of the COncep'UI. particularly
inlO the amnioti<: """ity a nd extra-embryonic coelom (F igure 10.6). In
neit lw:rof these si' ... ""'1the antibod y in contact with yol~-sac endoderm
(although in conlaCt ";tb molt other tM"'" of . he concept"") and lhe
embryo de'"eloped normal ly,

(4) Prolonged development of pa m of the embryo . In a ",ud)' of the action of S­
brom ooro l )'Uric:!II>e (BudR). an a""logu e of the nucleosid e tb)'mid ine.
Agnilh and Kocbha r «(976) ul«l a two- Ila ge ""hure procodu .... Whole II
da y mo~ embr)'os (24- 34 somit .. ) " "ere ""ltured for 12-2~ hOUri in
a mul ium conlaIlling 50-1SO",g,mJBud R. and the forelim bs ""ere tben .>61«1

FilJU'"6 Inp: hon 0;1.. in nplant> ., 9! 01><1IOj day.
¥eI"-tioa , ,0,. ,o,mnioticcavily. B.SpK< betweenomn;"" and )'olk
.... (.. t"' ..... b<)'on" _ 10m). He. vy S1ippk, <mb<)'o, Modium
stipp le. allantois. Liaht stipple . o<toplacental cone (N.... aDd
8= ,. 19m



T"bIo 4 Coml'll,iMo or head d "''''o>loo ' or l'0""" or "" cmbryo< m.'ched for <rowo romp l<n~'h .ftc""I '" ,,, . '.Ill . rId 40 C

,., .., ,., '"'Lcllll'h or LcOK,h or lleigh' or Wid, h or
T~n\p< "' I "~ No, of Crown ru mp ••• 'e I<O';"I'N Ion 'cl<",,<phaloo rcl<occp""Ioo

~.~ (moo:t i,o) (mm :t 0,e,) (mn'±,.., . (m,n ± •.• .) (mm± " • .)

JlI ' I,; " l 19±O.l)( 1.52:t 0,(14 0.6J ± O,02 O,1J ±0 .ll2 LOJ±O.OJ
~·C zz J, 19±0.()4 1.42 ± 0.02 O.S7±O,0 1 O,66±O .OI I.OHO .OZ

P <O .OI P <O,02 P < O.OZ

I'm <le<., h or ..... .. " ........" >« F'I U'O'
F,orn Cock,.",.od _. 1971

•
~.
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and cuhu red k pa"ucly for a furtlll'r 9 doys In drull ·frtt modlUm.The ,"uh,
sho",~ significant and dose-rela ted inlUbition nf bmb chondrogenesis bythe
dru Jl.part icular ly in ~mbs take n from embryos lha l had been exposed to till'
drull at the 26--29 somite stage.

Further illust~tion of the possibilities of embryo rulture method' for
8$$($$inllthe effects of chemica l' will be Il"'en by indicating someof the studies
made ...·ith tbe5c melhod. in different Iabo~lories. The folJo...inll selection i.
inlended only to illu' trat e lhe range of applicalions possible; it i. not a
compTChen,i ... re' ·jew. Further d i", u.. ion of both the advantages and limi·
tations ofcmb rw cultu re can be found in New. 1975a.b; Wilson. 1978.

2 8l.AST OC YSTS

2. 1 A<tion of Vlrious Agtllt. 01 Ib. bbit B1l1$l<>cys15
(Lu t.... k.C\lana .r at. 1 969~

8 1as tocysts "'-eTC ta ken from the uterine horns ofrabbils at6 da y, ofgestat ion.
Tile bla,tocysts were transf erred to small wateh glasse:' of culture mod'um In pe" i
dishes. and inCUbatod in a ps chambet contlln inll 95% 0 , SOl. CO " Each
watchglau contained 4-5 bla,tOl'Ysts in 1101of medium TC 199 "..ith O.02 mg
bo, 'ine plasma albumIn.

Substances tested in this syslem. a1''lIriou s dosag es a nd for ,.. riou, durati on '.
1T'O:ludcd ,he folloWIng:

Am imetaboli tes: 2-.de<lxyglUC06e. 2-<Jeoxyglurose+ phos phate 2-<Jeoxygalac­
to.. . 6-mercaptopu rine ribos ide, DL..,thionll1e. isoniazid, vitamm BIl

analo gues.
Enzyme inhibiton : oL-B!)ceraldehyde. sodium salicylate. bromoacet)'I .o L_

camili ne. jK hloromercuribenzoate . sod ium Ouonde;
An'imitolic all"nts : coke mid. aminopleri n ;
Cytost atic agents : actinoml"'in D . cytochalasin 8 ;
Hormo nes : poly<>eStriol phosphate. gro"'1h hormone .

Results were a=ssed by noting any effects of the l.. t substance on:

(I) expansion of lhe blastocoelic cavity;
(2) the embryonic dilC: size and shape, frequency of dividing cells. abnormal

mitotic 6gures. metaphase: arrest . cellu lar degeneration .
(3) the trophoblast : frequency of dividin g cells. abnormal mitotic figu," .

metapha .. arrest . ceUular degeneratI on.

Many of Ihe subsla.nces.at coocentration' of O.I -1.0mgJml. showed efle<1HlIl
the blas tocysts an er 6--8hours incubalion. But the pa tlt nl of eWecnvaried from
one mbs tance to another . For e..amp\<'. 6-mercaptopurine riboside caused de_



generallon in II>: embryonic disc bul had lillk dfe<:l on the 'rophoblll$l. 01-­

glyceraldehj<le was more harmfu l 10 trop!>oblasllhan to disc. aDd aminopterin
damaged bolh disc and trophoblasl. A few of tlto ail'n ts were damaging al
exerp l10nally low eo""enlra'i ons : e.g. p<hloro"",,,, uribenzoate suppn:ssed al l
gr<!""' h at I l' l<ml .

Effecls of the ,ub slances in ";lra"''''''limes differed from tOOse in .i.o . For
eumpk 2-<ko~yglucose was lessharmful at lXIuivalent eoncenlf8tions in vim'
than in ';'0 . perhaps iDdical;ng that in , ;vo a metabolic modification may
iocrea"" it' act i"" on embryos . C"">er""ly. aminoplerin "as "';lhoUl .tf<a
in v;,'o but aI 0.2 milml ,,",ult«! in inh ibilion of <d 1divisIon and degelltralion of
lito bla'lOC)"SlSin vi, ,..,.

WIton all"nlS were admi odterod in vi...,a nd the blaslOC)'Otsllton e~ pla n1ed (o n
day 6) and cultured in agent -Freemedium. many 0r,lto blastOC)'Stsshowed partial
or 100al r=,,'el)' ,

(n-mll. lhese uperiments showed lhal blaSlOC)\ts in cultu", pro. ide a simple
method for evalu aling toxic d\"ecl' orcltomicals on lhis Sta il' of lk ....lopmc:nt
Howe''¢r. ,he effeelS may nOt a lwa)\ be tlto loamel$ i~ v;"o. and if II>: b1aslOC)\lS
are nOl too "",-erd y damagt<:! they may reCO''¢r wn.n tn. agent is remo ,"Cd

3 RAT AS O '-IO ll SE D IBR\ 'OS DURI S G O RG AS OG Et'l[S I$

3.1 TribrnnHltfha ..... : Cadmium, Lead, Arsenk

Ka ufman and S'oele (1976) e.a miMd lhe lk' -elopment of hc:ad.fold stage ral
embr) 'os exp::>sedin cul1ure 10 the anxslbetic Avertin (uibromoethanol). In •
' sta ndard dose' of A' . rt in (0.02 ml of. 1.2%solution of Avmin per ml of,,,,rum)
growlh ofille embryos . as asso:ssedby synthesis of ne"" protein. was sipificanll y
leu than thaI of controls . Embryos eapoKd to lWice lhe standard do", showed
furt llt r reta rda l i"" of growth and vario"," othc:r abnormalities including poorly
de,'¢loped SOmiles and hear t. and a failure of the nnbryo to rOUl<:10 the fetal
position . The resullS lkmonslral«! a .eralOll"n;c action of this anaesthetic and
emphasiHd 111<:clinical importana- o f do:termini'4l wlltlher any of Ihe anaes­
.h elic agen ts commonly used in hwnan pra <tice ha, .. similar embryotoaic action
....hen admini''''red during earl}' pregnancy .

A sludy ofl lto effects of cadm ium has been made by K"'in t l al. (1980). In """
...rieI ofeaperimenlS ""rum " .... prepared from rats al ln", ,",'aloof 1.4.8.16 and 24
hours aFler injection of. mi h bul su blethal d"'" (2,13 mg"kg Cd) of cadmmm
chloride . Head-Fold .tage ral embryos ....er. tlton i""uba ted in tilt ""ra for 48
hou rs. TI>: I hour and 4 hour ", ra ""ere rapi dly ktha llo II>:em bryos. Sera ta ken
af ler 8 hours allowed "''''' inl for 48 !>ours bul lhe nnb ryos .!>owed vario us
abnorma lilies. ;ll<lud ing failure ordosurt of the fOK- and midbrain. and
retarded growth (f able 5~ In 16 and 24 hoUl"!i""fa.embryos appeared
morphoJosically normal but ma Iler than contro ls.
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Tab« S Protoin and DNA conl.."l$ of ""bfyoo ",hurt<! fo< 48 hour> on rerum
flomIJ.\~ inpel! ""libl.13l1\l!cadm,umti

Hours &fI<f No. rail No . embryos Pro<oin,embryo DNA embryo
iqjoc'_ rerum donon .~,... tuc 1 H ) V'I '" •.•,)
, • • 13.810 .1 0.9 10.1

• , • 12.2 1 U J.S 1 0,3

• , • 68 01 U 6.9102
rs , • M.7 1 1.2 6·.10,6

" a • 862 :d1 7,01:0,8
Conlrol • • 96.1 :l:6, ~ 1.7:l: 0,6

A<I.ptod 'romKm. " _ .. 19l1O

Thos<reiuh. att 'nl ..... hnll ,n sho'"nll how lilt cuhur. system can be usN 10

d.,.rmi". lhe ehani"" in loxicity of an agent 0'''''a period of lime as il interacts
,,'ilb 1M mal.rnal metabolism, Kloin .t 0/. ( 1'180)al$O.... mined 1M elfeell on ral
embryos in cuhure of 1.6-2 .0 I' ll. cadmium added 10 ~t\Im from unlrealed "ns
Tilt .... ponse was qu ile varia ble and embryos in lhe sa"", cullure ,-.ssel included
lhose that wCtt normal. abnormal Or failed to IUr\W. tilt culture period . Tilt
abnormal emb')", showed exte""i, .. haemorrhages but lilt neurallubel; elooed
normally. Al'ogt thtr . lhe palttm of r-espon~ of'he embryos in ~t\Im wi' h dir<CI
addilion of cad mium was "ery diffe"' nt from lha' in.era from inje<:led an imalll.

Beaudoin arod Fisher (1981) b" 'e combine<!maternal trealment wi'h ;~ ,'U,o
cullure in e,,,lualinll a number of leralO$<", includina cadmium. lead and
a .... nic. Emb') 'O$".. reexplanleda110 da}'Sof gestal;cm (~9$Om;\e$) from raUl
wbich had been lreate<!"'ith lilt agen t 4- 24 houn previo usly. Tilt embryos were
then gr",",'n for 24-42 houn ;n cuhure me<!ium w;lhoul ,eralOilen. In cullure
many of thes< embr)"os 'ho"-ed failure or slolO,ngof axial rOlalion aDd neur~1

tube closure. as well as retarde<!lOmite and limb-bud formal ion. compared ,,'itb
cultured control embr)"os from unlre ated rats. An advantage of lilt proeedu '" ;1
'hat ;1al loW$Iludy of eff""lS of embryonic dnelopmen' follo wing exposure of
the intacl molher-placenta -embryo uni' 10 an agenl for a brid and precisely
defined penod of gestalicm.

3.2 Oeplc{ion of G__ • "-mino Acid•• Vita mins

Coekroft ( 1979) usoj 'be cuhurt Il .. ,.m '0 lludy JO_ of tht nulne nl
requiremcnll ofra ' emb')'O$ du ring organog~nesis. The ~ulture ~",m ...-asfirst
dlalys.<dagai"'" a balanced ... h SOlulion and 'hen supplemenled ..llh "mou S
combinalion. of glucose. P}'","ale. " tamin' and a mino acids. The .... Ulll are
shown in Tab l.. 6 and 7.

Gro ..,h ...-a l min", .. 1when lhere was no energy $OUI'OO,but the addilion of
glucose .... ,ored bolh growth and differen'ialion 10controlle, .. I• . The inclusion
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The Mammalian Embry a and Fetus in ';Ira '"
of pyruvate with glucose had an .d,,,roe effect on de, ,,lopmont and pyw\'. t,
alone <upporte<!"" y hn l, d" ', lopment.

The p"""ntt of free amino acid' appea red to he "'lati'"ly unimportan t. bu'
vitamin' ""re essential. The vitamin whose abseoc" produ«<! ,he m", t marked
effect ".-,,, pantothenic acid' protein content and crown-rump length!; we",
SIgnificantly reduced .• 00 m", t of the embryos ""'" abnormal. Absence of
riboflavin or folic acid also .ffected gro"' h . nd differentiat ion bUl to a Ie,s«
extent, Absence of '-in"'itol caused de>'elopmental abno rmalitIes (open neura l
lUbe,) but did not reduce protein synthesis,

Cockroft ·, work ha' pro"ided an ':<cellent example of the l'O',ib iht'e'
pro ,'ided by th' culture ')~tem for deta iled aoo precise anal)~is of the nutr "'n t
requir~menl$ of embryos. It could he ",levan t to any toxicologic. i stud'es
Lnvol" ng changes in the bala""", of serum cOlIStitutents,

J.J ExC<S!lGlucow: E~C<S!l ~nd Dotid, ," 1"",lin

Cockroft .n d Coppo la (1977. and personal communicat ion) found tha t extra D­
ilu= added to tbe cultu", medium in e' ct &Sof 6 m&lml resul"d in severe
malforma tions of rat embryos. mcludmg abnormal fu>ion of the neural folds.
mi~rocephaly and eye defect>. Tbe glucose le' '' 1sof sucb culture, were similar to
those occurring in the blood of se,,,,,,ly diahetic pat ients. The elf.. ,u seemed
spe<:ific to D-glucos<.because L'glucose produ~ no abnormalities of develop­
ment in culture and only a general retard ing of growth

Addition of e~,ra insulin to the culwres stimulated embryo growth (20-25~~

increase Lnprote In synthe<JS)wi,hout cau>ing malformat iorul.
Sadler (1980) ha' found that S mz,ml extra glucose added to cuh ures of mouse

embryo, <au5ed neural tube defect'. He also obta ined , imilar defects in mOuse
embryo' culwred in serum tal: en from ra " rendered d"'heuc "" h ",eptoz01ocin
(The serum w. s taken on ly after . Ut race of the drug had disappeared). The
glucose b 'el in thISserum waS4 m",m l but the in,ulin k \'d (9I'U lml) did no t
diff<r ,ignificantly from thai of control serum. In serum from more se"erely
diahetic ra tS(glucose 6 mil.ml. insulin I"U iml) the mouse embryos showed both
neura l tube defects aoo reduced protem synthesis.

Dlab<tes in hu man mothe" is known to result in increa5ed incidence of
congenital malformat ion' . stlllb,rth!; and abor tions. Until ''''' enlly. a major
ob' tacle in the study of the mecllanisms in"ol"ed ltas be<n the lack of an
experimenta l mooel. The ~ul,ure system mak<s pos, ible study of the separate
effects of hyper-glycaemia. hypom sulinaemla. etc . on <mhryo'. and a" Olds any
confusing effects mulli ng from dru gs (e,g. m eptoz01<><:;n),

Studies by Shepard and his colleagu... at ,he Un"" r>ily of Wa,h ington
(Shepard ., ai,. 1970) demonstra ted some of the path"'a~ of energy
metabo lism tn the rat embryo in culture. The}'added " C·lI!UC05e to the culture
mediumendtracedthe tate ofttnsglucosein termsof the amount of lactate
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released imo the medium. amou nt of respir6tOr}'carbo n dio' iM iI' " off. and the
amoUnt thai finished up in the emb,yo and membranes . Tn. .m bryc» were of
thr« d'fferent ages. 10.11and 12day" "..hich approx;mately' ' pans the p""od of
majo r organogene si, . The re'uh , (Figur. 7) showed that durtn g thiS r><riod.
rale, of g1u<X>se upt ake and lactate product ion are dcdin ing rapidly "hlCh.
together "..ith other "' tMoce, Strongly suggests that lhe energl pathway, are
ohanglng over from anaerobic glycol>~i , to the Krebs O)1Z!e and olectron
tran, po rt .>~tem ,

In a study b) Robkin and Cockroft (197 8) , emb') 'OSwere cultured for 18 hou"
in a gas mixtu re <X>ntainlng 1-10' .; car bon monoxide Althou gh differentiation
(",m ito forma tion) wa' unaffected, the gro" th rat< (pro te;n ,y'nthesis) was
reduced, ""hile glucose consumpt ion. Iacta to produet ion and the lactate glucose
ratio ""ere all increased. S"n, lar but more pronounced effects ",'ere obta ined in
culture. where theCO "-asomitted and the 0 , of the gas pha.. reduced be low the
op" mum 1<>'cl. The two sets of results indicated that under anoxia. resulting from
either CO poiw oing or from reducN en"ironmenta l 0, . the midterm embr yo
can adjUStit$ metabolism to obtain more energy from anaerobic gll1Zoly$ls to
compen$.1tefor the reduoed aotivit)' of the Kreb', cycle and electron transp ort
$Y'tcm. The compcn$.1tioo i' only p"rti al "od IS,nsufficient to support normal
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ral'" of protem .ymh""i,. bUImay someumes be adcqual<lo ' Upporl differentia­
lion of organs similar 10 'hal ,n con"ol embryos,

3.4 h~Osn'"

At thc carhcr "ag'" of organOjl<"n",is.rat cmbf)'os dO\"lop normally in cullure in
a 11'"pha", conta,n ing S-10". o~}gen, This is cqui,,,l<n, to o~Y'gen pr",su"",,
be,,,ttn aboul 40mmHg and 8OmmHg. "hich are dose to II>:,,,lu,,, usually
found In 'he ulennc ,,,,n and arlcry . r",peeli"c ly. When 'hc o~ygen is ra'S¢<!to
20"0many of'he embryos '00" a failure of closure of 'hee'l'ha lic neural fold, . a,
in lhe carly stages ofe,~ncephaly (Ne" el al.. Io76a). Thi, suU"" tha t e~posurc
to hul< more ,han t"'ice ,he normal amoun' of o~}'gen issufficient10cau.. major
abnormahtn of dC\..lopm~n,. The effeclson lhe neual folds .rC .,sociated wilh
1055of apICal mICrofila.... nl bundle!; from the Iat.r~1 «\Is. and reduction of
neural c,,",,' mlgrat,on and p<Oj!rammed~\I dealh (\torn" and Ne". 19791,

3.5 E:rr.,,1Sof T~mptralurr and Drugs on tho Hr.rt R. lr

Detailed records of ItIchearl beat of the early embryo "ere obtai ned by Rob!:,n
01ai, (1972). Ra' Cmbr)05 e~planted at 1\ Jda)'1 of ge"at'on ,,"r~ euhurt<! ,n a
c,rculat,on ,}.t~m and lranstllumina ted wilh a 1o"-p<J"er Ia",r beam, A lens
focused the image of lhe embryo imo a pbot omultlpl)ltli tube and lhe nic!:"­
prod_d by II>:beau ng hc." could then be OcICClc<lby an O$CIlloscopeand
recorded 011a strip charI recorder (Fiiure 8) Heart rales (i.c. lhe fr"'lucn"",
of heart beat) m = bl)05 of this age at 38 C" ere aboul 160per min bUI wilh
'0 .... '''rialion from one embryo 10 another: lo ".-~ring the tempera ture ga"~ a
reduetion in heart rale of .bout 7". for each degree drop in lemperalure

Rob~in er al. (l97 4. \976) also studied tbc respan .. of 'he =br)onic
hea" to dru g, which are known 10 affect ,he hean ra'e of ,he adult. Tbc drugs
" cre added to thc circulating medium of <uhu"," of 10; . I I day a t embry 05
(F,gure 8), The addlt,on of ,soprolcrenol. a droll which Stlmulales lhe
adrenergiC bela-receplors. """hed In an immediate increa'" of heart rale in 10l
day embry"" (lO-IS ..,mites), Th~ effect could be quickly lerminated by lhe
administra tion of propra nolol. "hich <ompoliti,'ely blocks lhe adrenergi< hela­
receptors. bul "hich did not prnenl • further increa.. obtained b) admlnislerln g
theoph)·ninc . )'le tho 'amine had no effect,Trials ,,'ilh atropine. carbamylchohne.
Curare (d·tul>ocurarinc chloride) and nico'inc dcmonstraled lhe development of
cholinergic receptors in the heart about half a day laler (11 da)~. 21 2650mites)
'han tl>: formation of thc adrenergic receptors,

The'" studies by Robkin ha"e indicated lhe r~asib,lity of u,inll the culture
S)'1t~m '0 detecl elf« .. of to~ic cl>:micals on cardiac pb~~iology from lhe ~arhest

slages of he.,.1 fOrmalion in lhe ~mbryo.
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.3.6 C,'N.'"plP'"
h 15 ....,uCSl.bhbcd thai adm>n'stu!1OfI of qdophosphllmodc 10 preJDanl
laboratory rod.., ,, cau.c. embryo malformations. bUl (ben: has been cOll­
1rO''''~Ya,10.. bethel"Ihec)<'lop~phanudc affect' the embryosdll'cctl) or only
after :0<:1"" 1100 by the malerna l metaboh'm.

F. ntel cl al. (1979) !Ia,..,usedrat cmbrycs In cuhure 10~I,.., lh IS. Embryos
"'ere uplan ted al head ·fold , lage and ll,own in human .. rum ,n a .o ller·bo nle
'j'SlC'm. T" [lie cult ure; ""ere added ~ariou. combina tions of cyclophospha mide
(CPl, h .... m;cro scomc fri>Clion (5-9 f'''''lion). and Co{JIoCtON for a moooo~y'

llt'naw .ys tem (NADP H and JllICO$Mi'i'hoophale)
Table 8 oumm.anusthe '($\Ill•. No malfonn.ations or .i",mcanl dllf~

,n Jl"M'U nlte '"'en: fOllnd ,n cmbr}os 1JI sel'\Im onl) . sen.un"ith
S<9_ roI'aetOr.i. serum 1II'lb ~dopbosplwni<k alone . 01' sen.un ..-;th
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Table 8 En''''''' of vaoou' e<>mbin.lIon,of <ydopho.phamide,
and cofactor>on embryo ~oW1h in <ultu,"

C)'dophosphamide

"CofaOlo..
Embryo prolcin (<Ill
Malformation. r/. )

_pled fro m 1'0." 1" .,,, 197\1

on
012

•
'"'0112

'"
S·9 li ' . r froeti<>n.

• •• ••
~ rzs
0/18 12116

CP _ S-9. Only " 'hen CP$ -9 and ""faClors were all pre",nt , "'ere the cmbryos
affected , The number of malfonnat;on< and amoun t of growth ...tardat;on
;ncreased ",-ilh inc...a.ing con<:entral;ons of the CP

The experimen t demOnltrale<l that c)" lophosphamode requires act ivation
hefo... ;t becomes le"'togen;c, probab ly by a cytochrome P-450 dependen t
monooxygenase <",tern present in the li"cr.

3.7 Deteefion of Toxic Chemicals i. Human Serum

Human .. rum ha$ gennally been found to be a poor medium ror cuhuring rat
embryos at the earliest stages of organoge nesis. How.. "r, Chalot" al. ( 1980)
ha ,-efound that the embryos develop satISfactori ly if the ",rum is supplemcnted
with add ;hOnal glucose (2-3mg ml).

This has enab led these worke.. to use the culture <",tern for detecting
teratogen, or Olber embryOlOx;;,agnn< in human ",rum. They ha,-e 'h""'n tba t

Table9 Growth of ral =bryos in stNm from ~ti<nts rc«i"ini cancer ohemo­
lherapy or antieonvulsanlS

No. No. Prolein
Subject embrl"" .bnorm al (Jlilembryo)

Conlrol, ,
" us " "C.DCer ehelDOlherapy

Vincrioline,ek:. "
, lettlal •(posl-t.... uncul) " , o "'(no trealmenl) " , o "MOIholr<X"e,etc. " ; ; ~

Tamo.if. n " ; , ss
Ant;oonYul<anu

TeVOIol ,. ; ; sa
P"jOnon. <te. " ; ; "Primidooe... . " s a "Teve"' l etC . " , ; as
T·I",,,, lete. " , , n

Adanl«lfromCIootol".1..""
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>era fro m patient' undergoing cancer chemotherap y. and pat .. nts receiving
anticonvulsants are olien kIM! or teratogenic to embryos (T. b1e 9). The
work has pro,ided a "a luable method for studying the embryotoxic ;ty of t he
products of interact ion between. chemica l ' ubst' ""e ~nd the human meta­
boli,m , But one problem to be o, 'ercome " the gruter ,"~riab;lity of embryo
gro"th in 'control" human ""rum (panic ular ly bel"-een sera from different
ind"idua ls) than in rat =um
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C~atot.c. L.. Kle;o. N W., Pia,, ~,J , ond Pierro. L. 1 (1980). S"""", . f"J Oul1ure ofral
embr;os on human serum' Use in ,he del<CllO" of 1"-'10110"' . Sci" ta ( Wo</li>lgr<m,
DC)N7.147 1 1413
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Methods fo r Evaluat ing and Predicting
Human Fetal Development

J E. Jnu.su

I. I:-;TROD UCfION

Whenewr a pregnant wOman i' e~posed to infecliou, "gents. ionizing rad iation
or chemical'. including dru g,. lhere i' alwa)\ a possibiluy that sucb e,posu r...
may b,,-. ad"erse effects on lhe de'-elopment of the fetus, A tberapy lhal may he
of greal benefit to lhe sic~ mother . may be al lhe same time hazardou' \Q lhe
fetus,

A terat ogen may be defined as a phYSIcal. chemICal Or biological agem
prod ucing ' truc tural or funclional abnor malilies in an organi, m e, posed to it
before biMh, The sensilivit)' of lhe conceptu, to an e,o genously ind""ed damage
varies widelydepending on lhe 'la ge of developmem (Wilson. 1972).At lhe earl)'
, tage of onlogenw" berore blastogenesisi, completed (in human' during lhe first
lhree weeksafter conception) tbeconceptu" ife, posed 10a no.i ouug ent such a,
ionizing radiahon . lends to ha'e an "a ll-or-none" response (Ru, sel and RUSst l.
1954). The embryo survives withoul an)' analomlcol damage. or dies and i.
abon ed. During organogenesi,. approximatel)' 4- 12 weeks after conceplion. the
",n,iti" ity of embr)'o 10 morpho lollic malformation' is hIgh, the peak of
sensilivily beinll durinll the fifth and si~lh wee~ aher conception_The p"riod of
p"a~ sensitl"lty '0 teratogen, includes tbe conslitu\lon of embr)"ocborionic
circulation and early differenliation of maoy orgao,. There are "c,;tiota]periods"
m morphogenesis of all ' trUCture. (Schwalbe, 1906: Sne n and Rapo la, 1%9),
Ad' er.. influences at critical p"nods rna)' invoh-e not only morpholo gic
malformal ions. bUIrna)' resull in ad'er .. changes of postoa tal functions as ,,'ell

Possible teratollens are lested usinll .. "eral species of an,mal•. In ,pite of
s,m,la"l ie, in lhe de' elopmemal pall ern, the~uliarities of some ,~ie, ma~e
the compariso ns e' lremely difficult, For inSlan« , io"ersion of lhe germ-laye.. in
m,ce and "'IS and tbe resultinll temporary yolk sac placenta does nOIoccur in
othermammal~. AIle>the metabolism of chemical, in the maternal organi,m may
differ 'ignifican tl}' belween .~ies,
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The a.. 1of leraloaen"my 1'"'1' .. 10detmnine Ihe doK ,,'hich .. embr)Olo .ie

in animals ~ausin. intrautmne dealh Or 1TO"'tJ,r.urd ation. Of .. hic:h is
1.....I"l!en"'. P,odUClIlI -.nalomal malfOnTlauons..lbe mechalUsm of Ibma~ "
ftOloflCnin~aupled General m«IlaBlsm5 of mlerferm "'th prenalal I'mull
aDd d,ll"cr-muauoa mr:l..... mhlbtuon of ~U prOW"..... ,1Ollrd.,fd 10 .lln-fd
.ynih=J of protClas.. carbob)'dral" and tipids. or 10 limlled CDCl"I)' .uppl);
mhibiuon of pl:lalllallnilSfn- .nd pto .. m O)"ftUlnu, ,nlerf~ "'"h ftlal and
fetopl:locmtal ~lJOfl; and ahcred Of mluhued formalJOfl ()( _mOt}'
,,,,,,,,,,,-

lbe I}-P<"of .... lformauon .. <daled 10lbe otqe II ...hJdl nnbt)'O" e~ 10
a , ..... ,osa> For mtUlntt" CoocepIUa ahOf.. d dUM . ,tard FalaUOlllI
mouth aI\cr up""'~ 10 (a folic tcid ............ ) """"' ·ed uopho.
bWtic 1XICI'OIi.. illrombolosof lilt inlft'YilJouoopaooand damqcd (etal bema­

IopooaIS ""11Lul 1M b'n- (Sha",. 1'1"'2,. If lbe (etus "'''''ed. a Il~1

amn'opla'lfl J)'Ddromo ...". eharxlenled b;. mall"onnalJOn' ,n 1M c",,,ral
I>C'I\ ....... }~nn. CfllUof_1 d)"19Ia.<d..dublw>ds and duhfm .• nd menul
m .r<1auon("Ttuef1ch. 19~2, H"", vd and Rood. 19n).

lbe d1"eeu of Ihc chcmlcals ...hieh ha'"e been lesled may be claaslfied as
expeeled aDd UIlCXpecled The expeclcd effects are ....oss mall'ormallOo,.
allOruon and cld4 .......11'0.from 'ohlbtlion of grO\nh obs<n«l.On- .doun'J­
lrali oo of .ouoop,mn. lnlSlllf.n. chloram hucil. C)d ol'hospllaoude .nd 10100·
""mlll ,o 1M finl Inmeiln- orp<ClJIIlIC}" (Scbill"Cl. 1..1970). Gr o" 'lb rctardauon
rna} ", oull from 1M lrea lmen! " 'Ih ccmsone (Wa ITeI and Ta )'lor, 19( 8).
Mascuhnll.ll !lon of female feluses i. ao expecled conscqu~ncc oradm,nll'r. ' ion
of llIdroaenic subst.nces luch IlICSIOSlerone and ;l>der;"al;" ,", (G lUmbae b and
Doc har me. 1%0). The ,nlerf.....,nce of dielh) l1lilbclIfOI(Herbal el al . 1971)wilh
norma l 'CS.......ion of panllllClOnepbric ep ilheliu m ,..ilh,n Ihe "all,na l pLOIe
leadioilio ' ·allina l .<lenom Ibould be con~idercd al a predic lable e/fecl S,nce
""JIM i•• kno"' n larS"1 of cslrOilen•. Telracyc hn il kno" °10form eM Llies " ilh
cabum. aod afler applicalJon 10prep nl ,, 'omen il i. deposiled in Ihe fCial baM
nuocnll and deciduO\Isleeth (Tno/Jand Ra ,.,d. 19( 8), A Ins expeclfd effecl'S 1M
deposHlon oflelr&C)'Clme,nlO 1Mleo ... lcadrna 10Clla,-.:u( Harley CIII,. 196<1)
LDdcn landa hk .. 1M C'lvuh n..,...-edama ,e rd :ll od 10 MOIll)'CUI. lIrq>lom)'Cin
a nd qUI",,'" and Ihe formallon O((CUI,OH..,. Ifln- "dmuu.strallon of anu·th) 'TOld
dlUp du rinJ prqTWlO)

L;Mxp«ted 1.....1OJmIC ctrncuare 1MdI"<CI." hJdlarcdll6culllo predlCl ~'~
if lbe metahobm orlbe cMmocal ISk_ n. Fo.- ,mtaDl%. lilt pheDoc:op) o(!be

RIppled eprp!l)_ 'lndrome (0.- cItondJ'odl'PlnIa l'~U) ""h"'b de\elopl
If"" adm.oo<lrallOflof dlClllllll'Olloticw.alllan .. (mch III ...vfaml ) dUJ'UII11w
liN lluu monlhs" dlfticub 10 pre<hct(Shall! aDd Han. 19n ), Slmllarl). lbe
propcrucsof thalidon>odedo not r"",,, "Illl ibc cbara<ur orthe _ ...'Cll-k_ 'n
S)ndrome t:""xp«tN elfeeu ma)"be so-..ma dercet od in I.lUmalupmmn>lI .
H.... "''CI.il should a/'tt.'I)' be unc\cnl:oodthaI alrapolalion of .uumal e<pen'
""", u ,0 IDIl:I 1:1, .. lId ... 1) 10 a hmlled dcptt
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T~rat<>lo&"'s and exptllmenw, 1 emb!)'ologisls ha"e pro'ided much infor·
malion on the develop menta l mechanisms and their d,sturbances in diff~.. nt
verteb ra'es . To make lhe interprelation of "SUllS ea,ier , we ha, -e proposed a
comparal i"e c1assificalion of pronalal developmen, of quand",ped. in which
corre.pond ing stages a re ""'rked by lhe same s}'stem of numbers. The prena ,al
development of man. macaceus. ra, and mou... " compared in Table I.

2 MOTH ER· FETUS 1.1'0 Fl:T U5-M OTH ER TRA1'o'SFl:R ;
THE PLACE"'T AL BARRIER

The transfer of substances from the maternal in,o ,he fetal compartment takes
pla"" either across 'he placenta Or across fela l membranes . Only under
therapeut ical Of e, perimenta l condi'ions ,ub stances aT<adminislered dire<;tly
in,o 'he amn ion. or into 'he peritonea l cavity of 'he felUs (in,rau tenne fetal
trans fusion ), Transpo n mechanism' are related '0 the anawmy of 'he biological
barrier. t<>lhe uterochOfionic and uteropla""n,a l (materna l) circula,ion and to
the embr;o-chorionic or feto_placental (fe'al) circula lion ,

The 10lalmalerna l ulerine blood flowisconsidero;l to be 94-1 n ml mmute kg
at 10-28 gesta,iona l weeks a nd approxlma,ely 150ml minute kg at the term
(Assah et a1.. 1%0 ). The blood flow enter ing in'en'illous space ISintermitlen t.
and 'he blood pressure in the terminal uterine arteries is 70-80 mmHg (Alvare:>:
and Cald";ro-Bareia. 1950). The blood pressure In lhc int.".il lous space i'
approxima tely lOmmHg. and increa... s duri ng uterine conlra C"on, up to 30-50
mmHg, The pressure in 'he maternal veIn, leaving 'he inters'inous space .. about
8 mmHg. The blood pressure "ithin 'he in,ervillous space i' lo"er than thai
"i'h in the chorionic (fetal) vessels.The blood pressure in the umb>hcalaner ies i.
approxImate ly 48-5OmmH g and in Ihe "ein 24 mmHg (J>largolis and Orcu tl.
1960), The.. cond itions faVOffe'o_materna l tran. port ,

The paraplacental transfer is effec'ed by a Iranspon from decidual ""lis across
'he chorion into Ihe amnion For in"anco. prolac tine roleased from decidua lcoUs
crosses thec horion and amnion and dIffusesinto 'he amnionic fluid (Riddick and
Masler. 19&1).The ,ran,pen of decidual pro lactine requi .... act ive pro,ein
synthesis and an intact microlUbular sY"em. The permeab ,llty of amniochorion
can be ea, il; siudied in vilro (Seed, el aI., 1980),

The placenlal transfer tak .. place by diffu,ion , b; facihtaled diffusion, by
aCll"e transport (against 'he grad ient). by endoc)"oSl'. Or b}' other poorly
unders'ood mechanisms. and depends on 'he ph)" icochemical properties of
chemicals. such a. molecular w.. ght. ioniza'ion, hpld SOlubility and prot.. n
binding (Mir kin. 1976)

Compounds wilh low molecular "eillh' diffuse more rapidly, If the molecular
weigh, exceed. I000u. 'he passage a'"os, 'he placen,a i. usuallyslow, Mo lecules
in non-ionized sta,e eros. 'h e placental barrier mote rapid ly 'han in ionized Slate.
li pid solubility facilities the'ransper! . There i, a substantial difference be,ween
protein b>nding in 'he ma,erna l and fetal blood plasma, Thi' differencernaye.ert
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a signIficant mOuenceon lhe transfer of chemical•.especially if the fr"" subslance
crOS5.eSthe placenlal ba,, ';el slowly. There are $Ornespecific placentaltran.rer
,} stems invol" ng ,pec ificconjugation of tho suMtanc ocr""ing tho plaeonta to a
complex which i' cl<:and befon: lhe substance is reka>e<lafter the transport
acr"" lhe trophobla,t.

The placenta . .. pecially lhe trophob lasl. conta in. ellZyme, metabo lizing
endogenous a, " 'onas xmob iotic ,u b'trat .. (Hagerma n. 19(9). Somoof them are
of fundamenta l ph}',iological impo n ance. for e"" mpl<:.tbe monoamin e oxida ..
(De Maria . 19(3) wh'ch deaminatesa number of ,uMtrates,uch as epmephrlne.
norepinephrine , dopa mine... rOlonine and some amphelamines : diamine oxi_
dase (hi'lamin a .. ) (Weingold and Southern. 19(8); catecho l-O­
methyllran,f era"" which lnact,,-at« epmephn ne and norepInephri ne; """e", l
per tlda .. ,. 'ucb a, cystine aminopepl ida.. (ox}'tocin.... ) (Mathur and Walker.
19N1: choline acelytran, fera.", (Bull "' at.. 1%1); 3/i.bydroxy"","oid dohy_
drogena... 11/l-h}'droxYSleroiddehyd rogenase. a very potont steroid arylat ing
s}' tom. and othe" .

The elfe<:t' of cbomlCal' on the placontal "ascu la,uro can bc SludlM 10vi"o in
ptlfu sion experimem (Mancini and Gaut ie" 1%4 ). Serotonin. norepinephrine.
LSD and some oth er ballucinogen,. morphine and codeine are poten, con_
strictors of placenla l ,·«",,1,. at lea' t 10 ' -'lro (Ganl and Dyer. 1971),
Prostagland in F, . enhances the effect of oxytocin (Jungmannova er al,. 1975).

It i' evident tha t placOIllalon,ymatlc S}'St,mHan metaboli' e a large numbcr of
endoge nous as well a, e"' geno,," substanc... Hyd rolyzable ,ubstrat .. are
u,ually hydro lyzed. and ,,,soa cti, .. ,uMtances and hormonal pept ides aro
metabolized 10 maCti' " SUM'anc<:$, Placenta l conjugations. wilh a po" ible
excepuon of acetylation. seem not to occur,

3 PRENATAL DETECT ION OF FETAL MALFORMATl O,""SA" D
CHRO;\10SO :\-IALAND GENETIC DISEASES

Te<:hnique. uSC<!for prena,a l detoxuon of fetal disorders can be c1a"i fied a,
invam 'e and non-in".,i' -e In, ,, , ive technique•. , uch a, amnloc,nthem and
fet<»copy. include p"' etrat ion onto 'he amnlo, ic cavity. Non-,nyasiw te<:hniqu..
are based On X_ra, or ul'raso und procedure, . or on different kond' of felal
monltoring.

3.1. !",,,,,""urO'SBa"'" "" Amni""emh....

AmniocOIlthe'i' is u,ua ll}'performed at 16 18 w""ks of g.. tation . The 'o lume of
amnio' ic ftuid at thi' . tage is appro, imatel; 120-3lXlmi. from " hich 5-20 ml aro
" ithdra wn and used for ana ly'is . The risk of COmpliCation, " laled to amniocen­
the,i, i. Ie.. that 0.5 \ (S,rnpSon and Mart in. 1976). Pot, nllal materna l
complication, Include Intra -abdominal bleeding. puncture of the bladder or
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ont~'t ine and Rh·immunl2al ion. Pos, ible f~lal compl ication, are injune , 10 'he
felu. b) lhe nffi:lle, bleeding from placen'al ves,. l•. InIt.ovular ,nfecuon and
abon ion, Leakage of amnIotICfluId ha. also been repon ed,
Th~ amnim ic flu,d sample is c~ntrifuged, and lhe celh are used for cylologic

e~amona ,ion. CUllivaIion and ,ubsequ~nt chromo'o mal and melabo lic analy.i "
The fluid can ~ examined by biochemical melhod"

3 ,/./ Cyl olog)' 0/ Amnioli c Cel/,

Centr ifuged cells from ammol ic fluid are spr~ad on a microscopic slide. fixed in
formatin in "apor and, if an open neural l u~ defect i' ' U$p<Cted , th~ ,mear ,.
checked for lhe presence of glial elemems (Brock. 1978). The glial elemenl' are
l:" pola r. elongaled and Mtectabl~ by a glial protein S-loo e~h; bil ing a sp<Clfk
immunofluorescence (Sarkar cr al.. 1980). Ana lysis for X< hromatm and y.
ChrOmal in in uncultivaled amn;ol ic c~ll, can ~ ea,i ly perforrne<l;however. the
r.. uh' are far Ie" informaliye than karY01YPing

3.1.1 Amniotic Cell, Ti5sue CullUre.

Cen,,, fuged cell' from amniolic fluid areculliy'aled for apprmtimalely 2-4 weeks
in a nUlrient medium con,aln ing calf serum and anub,olIC•. Tbe cul,;,·allon,.
. u,,"es, ful in 70--99';. of cases, 1fkarY01yping i' required. colchicine i. added 10
the growin g cullure (mlloses are a,re ,led al metapha,.). the medium of the
culture i, h)'po tonized and acellc acld·m<'1hanol fixaliveadded: cells ar~ ,pread
on microscopic slid.. and 'l ained b) different banding techniques, Using th is
melhod a ll numerical chromosomal abnormallues Can be detecled. Th~ most
common l\ lhe mono,om y for lhe X..chromosome (45.X). Th~ Olher qu;t~

frequently occurring palho loglc hr;o types are 47.XXY: 47.XXX: 47. + 21:
47. + 18, 47. _ 13,

The dete.;uon of , truCIUr. 1chromO>Qmal anomalies depend. on Ihe extent of
chromosomal leSIOns,MInor abnormalities may remam undetected. Struclural
chromosoma l abnormalit l<:<lo , ol , ~ de lelions. lran, locallon, and rearran ge·
menls r.. ulting in lhe forma lion of iwchromo' ome' . Incomplete chromosomes.
fr~gmenl' , n ng<hromo,ome , . "'c. Chromosomal break ' are o~r",,<1 afler X­
ra} irradiation.

The mo,t impo rtant indicau on for prenala l karyoty pinll of the fem, are
chromow mal abnormalilies (such as ba lanced lran slocal ion Or im'ersio" ) in
either p;lrent , advanced materna l age or existence of indi,'idua ls affected by
chro mosomal aneuploid;. or anOlher chromosomal abnormali ty in llie famil},

Cultur.. from amniolic fluid of fem, .. Wilh 0P"" neura llu\>e defects comain
glial c~ll, " hich are elonga ,ed. b;·polar and exceptionall} adh.. ; , ~ (rapid
adher ent (}f RA cells). and comain a specific gha l pro le;n (Sarkar et al .. 1980) ,

Culture s of amniotic cell, can also ~ u<ed10detecl man; metabolic diseases
w;lh known biochemical basis. The biochemical defecl i, usua lly idenlified b)'
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em) ......a..,..ys ,n cullum! ullt. Abnut 73 dJlfcrnll mrubo(;c dlSOl"dfrl(such as
mucopolysa<bandoses. 11~05eS. ~podmes. ammOK>dopatlua. etc ) aon
nO'" be diaJllosed pmlataJIy (Golbu$ ~'"L 1976; Rill".,. 1976).

J.IJ 1lIQcloDorinoJA"')~" <>fA_ir Flvid

(a ] A/pIIt>-fr'..,..nM AF' AFP II lyutbcsizcd '" fcul cododn"mal.u,ICtUfn
lOChas the ),,11<Me. hn alMlCU" AF P \11ll1llDi<Micl!IOO"'"IU"'ta pIOl:Iably
from r~l u.ntIC. and ,I' allllllOUC~UJ,lIOCI <lcaa .... "'tb ad'"lIl1CU1J
~tionaI. (Broc k aDd Sutduft"c, 1972) EIc>"lItcd a:w;:ultnollOllS 0( AFP .,.,
mtOUnlercd in opm """,*1 tube M<xu (..... lXephaly. opeD spmabltlda j aDd
ba'''' also been IepCI<ttd'" MeIOCO<X)P teraloma. ompbalncdo aDdcoapmw
neplu""",, aDdID ptep'aTlCM'$ .."II rnal death>: elc>lItcd AFP IS somet>_
~t abo m fet....... ,Ib amsaas '" dJF'U'" lUbe. polycyst", bd.Df)'$. UUlulal
pancreu. h)-.lrocepbalus. fallot·.teuaJoc aDd <:<>n&=1a1....'D defocu . ~ormal

<:onCeIlUJ,uons0( amDIOllC AFP dunn l ~[lOl>al ..«k . 16-1&are bet .. '","" 20
aDd 7DLmL In f.. uses ",Ih opm neul"llilube defeeu. the AFP 'lIl\1f$ eXffd
25l1J. rea<:tulll in some cases «Xl-~nl.ml (Brock. 197&). ContamlnatlQll 01"
tht amni otic lIwd ..,,11 fnal blond is tbe most common $Oultt oI"fabe poIll""i:
['filiiI'.

(b) HOI'_ ' in "",n"'li<" jfuid. F... I K~ CIInbe pm!"' tcd from tbe ammOI'"
CC<lCefImlli oo of tnlOStcron e. FS H and LH. In male fetuses. tntOllcron e
oo~nlra\lon ,$ much h,. ber. • nd FSH In d LH COllC01llra lion 10,,"'''' IMn in
r.male,

The dilferenc .. m amnio lic concentra lions of testOllOro ne. FSH I nd LH
d unn g gesta lional .... k l 16- 18 a", , ho" n in Ta ble 2

EStlmal ion of ammollC concentratio n of FSH and 3. 3'. SAri odothyron,ne
(RT. ) could be useful for prenatal dla", ,,, .. or fetal hypotbe yroldism, .'Ih .r
con goni,. 1or induced by .~posu'" of pl'eJU nl "'OIDOll to I lrumi .. n$ (Chopra
and Cl"lIOOall, 1975). EIo' '&led amnIot ic 17-hydro~)'prOilnl"'OIle "' &I observed
in f011LSC1alf.." ed by .drmal (or tlCal hyporpla.i. duo 10 C-2l Slnoid hy·
dro~yw.. dooo ency (PooIII01al.. 1980).

Tablo 2 DIlI"om><n III boo_ "",,, 10 in tbe fCl.ll ._ ..... .,ld "' ........ aDd,- -

2O-JO",,'"
O.l---.(l.7 .
9-U 1DI

__ lAo

_dunq Ie-IS
_~-.... M.

T l ao-- I:~C~"'~"'----c",,,,-,,------
FSH OOS-O,12 .......
LH :1--1.......
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).2 FcI OlCOp)'

Duo;t ",... 1~lXIIl of the f~lus ISpnfonroed b) a fet"'""P" . a speaa l
liberopl><:eodOlCOpt. Ahhou&bSInlul~ 'UI.lalin."""ol !he ... un fC'lU$IS
l>l>t poosiblt.lSOlaled portiofts oltbe fC'lut sudI all OClIJp. e,.-cs.1ipa.fiD&en.lacs.
ulmlal Jftlltalaa aDd tho anI....,. bod y .... n.mclucha,!he lDXt"tioa oflllllbllg l
cord. may M chlo;tly CDmu>«l III_ ~!he " ... IizaUOll ol. SlnIC1un:.
"boK Illalom y 1$ 10 M cum" .. d lilly M ''ftY dJffic:uItbccaUIC ol !he
COllt.lllUllllXlll ollmm<IUClIuideitber b) lllO::OO'wtl Of byblood . l a ow 1KIlp1l1
fC'lOKop)' ISpnfonroedl11ldtt grnln l anesltwsr.a. Tbc \lo'olf fC'lOlCOpt() . 2 mm
diamn ....' ISInocned inlo lhe:ul..,.". und...-,,""I COIltrOIafttt a .mallla""rOlom)
has bea1 perfonroed; a .utu n: i. It' led Ir cuDd the fC'l""""PC iaxnlOCl Tbc
IocalizauOClof tM pla«n ta is al }'S ckl....mlned ulu-l.SonnUy .Dd Iht
InlnsplaCClltalroute of f..."""opt lnwrllon i. stnctly avoided, Th~ nsl of felal
death and .bon lOClafter feloocopy i. approxtn\lt~ly Zlr" ,Abortion. art n:1ated
10 Ieax"it of . mniotic lIuid and .ubSl'qu ~n t . mnioxhorion lti<.-r.r~ly 10 Intra·
amniotICblecdini. Chronic Ie.kail~ of . mnlOlle fluid durini the:third trimtst~r

requi res I Ioni· t....m hOSpita lization in I ppr oxlmattl ) 3'r" of patltntS.
F...os<:"PY.110..... prtna ta l dll iOOSIS of IU major u, ema l morpholoaiQIl
malformaliOCluuch IS facillcJeft •.deformed u tenll ln .... defo;t. of CNS.1fOSS
malfOrnllllOCl'of hmbs (phocomelsa.an~). oliaodactybes . pot)"dac.
I)'~cs. . }udal:lyMa, clef..,.. ofantmOf body ... U ....d SO"'l' malfOfmlltlOCl'of
""tml l sm>lIha.

FC'loocopy " lIidnted '" .}"DdrollJCl.. hodl do DOlexhibit cllromoloml l Of

biocMml.boorma~l>CSmbcnted~ 10MCftdeIwo Io....'$. arid"'iucb an:
eharaclcriml by comtIa'lllalom l malfOl'1l\lUOOl

DiIJDo:>RICfetotCOJlyhas lxnI pnfOfllWd In O\lf bosplll l by Z..1qft" In 41
cases . 2Oofthem ..'"" tbmr.peutiICIlly abort ed Malformations ..ut found '" 18
easel . In 1"'0 cascs '" .. lucb 1M fel\UOeS..ut dl&poscd fOlOlCopa l!) IS

malfOl'D>ed. 1M<hIiO........... not confirmedafter aboru"'" t:" ......ted abomon
occurr<d '" four pallallS "" tb lI<:aJ'hy fC'luSts. Pte-ttrm <k~,~ OIXUfTedIII
tbJcc cases. 1"'0 Jlfe-ltnII ,,", 'born. dted, T..-enly plluen.. de~,'Cfed b<:allby
cluldrm II fuJl·I£nO. leabgt ol.mnlOlIC ftuKl~ in six ol them . US'n,
fetoscopc " 'e d~tecl ed follo..in i defec,- : fanubll elefl.ltp I nd palate (6 caSts).
Treach..,. Colhn.· Iyndrome (2 caws). anencephaly (pn:>-;ous!y dll in OSl'<!
uhrason iQIily. 2 cases). ectrodactyly (I case). Sald,no-Noonan .yndrom~ (I
caw). MaJe" ',x l,yn drome(I caw). I}'ndac,yly Iype V( 1case). Robert' .yndrome
(I CI.Ie). an hr08ryposi, (I cast). Aperl Iyndrome (l ea<el, Lip piH:len ltp
I)ndrome ( I casel,

&mpl"" offrl~1 ,u.s..,""tk,ftl~~i(: roniTo/ Tbe n«dJe.cope . .. hlChhall
ralher bnuted VISualkid for. gtn .... 1fetOKOpy;, a ioodtool fOfVlSualiution
of cbononic ,-eon' In tM placen1l1 plate , Ann . ,uillblt "em is >UWl1~ . •
hcpannt«d ~It " dlt'CC<edinlOthe lumen ol the ''tUd, 8 ) du....... bod 1"''''
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fetal blood can be obtatned a nd used for prenata l diagnosis of hemoglobin
disord ers (Mac Kenzie and Macit an. 1980),

Felo scopy contro lled intrau terine sbn and muscle biop, ies are posllble and
promising for dlagn o>el of disordm which are nN detectable from amniotic
fibro blam . Fe,oscope can be also used for 'he contr ol of intrauterine
transfus.ion.

3.3 "' ....· In...s.. . ~ I.lh""s in Prenata l o;.gnosis

1.3./ Ullrosonograp/!y

Using real.t ,me ultra"'n ic ,"stru ment> rhe concep'us can be ,'i,u.lized during
5,h or 6th geSlauonal ,,<:ok>; and its growth. po'i'ion and localiza'ion of the
placenta can be monitored (Jou pilla and Piiroinen. 1975), The iner. a.. in the
biparietal diameter is normally' used for general gro" 'lh evaluallon (Queehan (I

al .. 1976). £ "im auon$offetal bod y and h.a d wlumolare perfor med ,o d,agno"
intrauter ine growth retardation (Jordan and Clar k. 1980).

The fetal bea .. rate and the ~t of umbIlical arteri ... can be also visualized
ultra sonically, The follo"'ing malformatlonl can be dia gnoled prena tally by
ultra sound procedure" anencephalI at ,he beginning of the second trimeste r:
mle lomeninlloceles. but diagno sis mal be difficult (Campbe lL 1977) : hy­
drocephalus and microcephalI in the 'h"d tnmester. inienceph. ly, sacrococ.
cygeal teralOmas . mullicyst'" or po lycl'tic b dneyl or hl dronephrosis and
omp haloceles "i'ualized as masses in a chara ctcri' ti< location (Bartlel et al ..
1977). In some case'. the ,hape of external getnta l,a allo"" the diagnos is of se•. In
the laSlt"me 't er, [he heart ,,,IHI and ca,'i,ie, can bevisualizedand the dlagno<is
of gross congenita l heart anoma lies i. pos",b le (Patel and Goldberll. 1976).

3.3.2 RlUiiogr"!'h"

The u.. of dL,",,' radiograp hy for diagno' i' of skeletal defects i' Iimiled to the
trurd l" moster , During second trime"e t even llIos, .n oma li", such as achon ­
dropla. ia arc undetectable (Golbus an d Hall. 1974). Prenatal radIographIC
diallflo'is (after JOIh gestat ional w..,k) of anencepha ly. hy'drocephal;. m;croc·
ephaly and of mOStof thellI o" skeletal anoma lies has been reponed , Contrast
radioirap hy with a water·,ol uble radio-cool ral! d;~1 hOIbeen used in the 'hlrd
tnm "' ter fot vi,ua liut ;on of ab$cnt fc'a l "wallowing in Case<of ga't roint""t inal
aU""ta

4 CO:->CLt:SIO:\'S

The elucida tion of lleneti<.biocheml,a l a nd ph}'>iological mcchan ilm. in'ol' "ed
io prenatal morphogcnes is . nd embryon ic funcuon il a nec",,$ary prerequisite for
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atlemp, ini ,he prediclio n of adye,... etf""ts of chemica l agents On the exposed
mother and fetu •. To pmlic t 'he elf""t. of xenob io'ic subs,ances on prenatal
d,, 'elopmen t, 'he " ai e of pregnane; a, "hic h 'h e fetus was exposed and the
eXl'O' ure coneen,ra,io n need to be known. Predic' ion' based on animal
embryo,oxic ity and ,era,oienic i,y are, however, of limited "a lue.

For detection of inadequa,e fetal grow,h, chromO$Omal and me,abo lic
disease<and e"er nal ana'omica l malformations. ,he folio" 109methods can be
used :<;1oIOiYof cell. exfol iated into ' he am niotic fluid, direc' biochemic.1 tests
of .mn ioloc fluid, kal;-ot; 'ping of amniotic ,·ell. grown in ,i'sue eulture' ,
biochemICal ana l;sis of amnlo, ic cells grown in ,issue cultures . fd oSCOp; .
analy. is of fda l hlood wi'hdr awn uooer fetoscopica l contlol, ult raoonography
and rad iograp hy of ,h. fetus
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Me.- rot Asoess;". t""EE"'" 0( Ch<mi<ab <>II R.... o'h.cli>'<F~D<tI_
(;4,I0Il by v I , V"",k _ P I. S'"""""
~ 191.l SCOPE

Experimental Methods m Embryo tox icity
Risk Assessment

1 S l,;\ 1\ IARY'

Embr}'OlO~icity is a hazard lOIhe fetus arising frnm en, ·ironmentol. ,nfectious .
genet,c and other agents. The manif"'tat,nns of embr)'otox"' ,ly "",Iud e prcnatol
dea th, Slructural a nd futlCtional defects and. in their milde" form. growth
retard at ion of the concepta' , The emb')'o to.. c oul<om", ha'" a 'norma l" Or
',pontaneous' occurrence in human population. upon which a re .upe rimposed
any additional cases possibl) arising from exposures 10 drugs. roodadd u" ......
Cl>$meh'"and other chemicals from en, 'iron"",ntol sourc",.

Although ;t would be most d",irablc 10 ha,'e inlCgralcd "'.-.cn mg ')<lems
capabke of predlCl,ng a bro.ad range of eITec" from mutagen"''' to beha, ·,ou.. 1
defects and. perhaps. carcinogenesis. such comprehensi'" tesl systems are not )" t
available. The d""lop ment of sucb systems is depe ndent upon future research.
and m\l$t he b<lSCdon an u ndcr<tanding of the basic biological relationshIp<
beto.'ttn muta ll"n",i •. lCratngencsis and carc inogenesis.

Direct ",'idenee for lhe emb') 'otoxic polenl ial of I substance can \l$ually be
secured only from animal experimeots . Hn" 'e' '' r. aoimalleSis arc con'i dered by
SOmeexpertS to be of low pred;';li,,, value for man : onl) a fcw chem ical<Ita,,,
been pro"cn a, lemto ge'" ;n min compared to the hundreds .. hibit ;ng Ihe
emb')'OIOxic potential in laboratory animals ,

Screen ing for reproduct i"e tosic ity beca me" matlCr ofkegislat ;on as long as 15
)"ars ago in many cou ntries, The currently usc:<!official procedu .... especially
tho~ that are belicvo:dto m,mic:featur", of human teralogenesis. arc con sidered
by man) 10 afford sa ti' factory safegua rds. Allerna t"' e methods adllpled from
!>a,it t.... ological research employ simple experimental ,)'Slems rangmg from
iodi"idual cells and more or Jessisolated parts of mammali~n fctoplaccntal units
to emb')'O. of non-mammalian specie>. Acco r,h ng to a wldcsprcad opinion,
these techniques rep~nt an importa nt complement to teratological research.
but ~enerall y ca onot replace the official procedu ... for regulato ry purposes .

•Onlythe,umma,,! .. io:lJdodhm McoU"o"PO<'timu."'-. Tot I.D.. port ea~ be """"ted
(rom, 1I<a.""""

au
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More fundam. nta lly. how. ver. it m\lSt be =o~nized that a "' liable te" S)"1l<m
shoud notonlyexamine various reaturesofembryctorcitybut mustalsobe
capableof """"'n ing for human embryotoxicmetabo~tes ifl he in ;'itro I""hniques
(including the n,an embryo) a re 10 he valid.

Probably the 'pe<:ificity of embryotoxic action of chemicals in humans r<'Sides
neither in the basICmorphogenelic proces"" nor in the un usual pro perties of
placenta l transfer of xenobiol ics alon• . but also often in metabolic lransfor ­
mation wil hin the malerna l organ ism ,,'hich fre<:juemly diff.rs betw.e n spe<:ioes.
Thu•. any procedu", using a non-h uman pregnant animal ,uffers from lhe
po, sible inlroduction of an additional unknown '" riabl. , For this reaSon it 1$
desirabl. lo leSt not only the parent $ut>.tance but a lso melabol ites occurnn~ m
man. Blood sera of the e. po$<d huma n individuals can in some cases be
employed as their source

In basic tera tological resea r<h It .. =om mended to cease the search for an
anImal similar to man and turn to the more useful activity of inve"igat;n g lhe
po.. ibility of u, ing in .i1,O t""hniques for more eJ<llct estimat ion of the
embryotoxicity dO$<range for a pregnant mammal The major task of ba. ic
research. howe'.. r. remains the in,.."iaation of the fu,.; tional propertie$ of
embryonIC. fetal, perinata l and pootnata l morphogenet ic syotems and the faelor.
underlying the sensitivity of their constituenl cen population. 10 toxic agen\$
coming from the environment. As to t<'Sting ncedl . an approach inm lving
mullilevel ""reening procedu.... "a rting ,,; th ;n ;';lrO techniques is suggested as a
priori ty se1e<:tion S}1leill

In the area of applied research. practical lests noed to be devised starling from
the most promising de>..lopmen\$ ,n baSIC leratolollical research . Such test>
woukllhen be eliilb le for tr ial and for standardizatio n.

The regulatOl"Yagencies will need to collect and ~,,,luale criti::ally the Infor­
mation necessaf)' for propooing ne.....guidelines for embryotoxicity lestinll tbat
will co,..r tbe range of chemicals to which man ma}' be exposed in tbe pRscnt
society, M.an .....hile. basic research must aim to .....rd. a betler unde"tand, ng of
tbe biological inter·relatiollShipoof the '''' rious possibleeffects on tbe fetu, such
as mutagenesi•. toratog enesi$and car<lnogeoesis arising from expooure to toxic
chemicals.

More deta iled discu.. ion of melhods and procedures for t",atogenicit)' testing
de..,.,lope<!in Czechoslon k laborato ries may be found in the papers published by
the authors and tbeir collaborator> li' ted belo.....,
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(; 1983 SCOPE

Perinatal Exposure and Teratological End­
points: Some Princip les and Possibilities

RlCIIARD DoJURT~

I I:'lo'TROD UCTIO N

P~natal oxposure In 10xicen"irnnmental chemicals could affect male or female
g<rm ~dk or lh~ various somalic organs, Goals for reproductiv~ S<:tttn ing of
pot<l1liallytoxic ~hemicals are to determine the magnlluM of pos,ib le germ ~ell

or somalic damage and 10 eslimat~ resullan t impact on ~prodUC1i '"e capaci,y OT

somalic funcliona l capacity lhroughoul the life cycle. Prenalal exposure 10 loxi~

~hemicals could mull jn sleTilil~ or 'ponlan~ou, abortion. reducinil o"erall
fenility , E"~n mo~ worrisome, how~"er. aT<'le,ser somalio<~ffects whio<hallow
survi"al of indw,duals ....ilh varyIng degree, of mental and ph}~ical handicap or
~duction, in physiological adapti"e capacil ies, who aT<', or will bocome.
signifi~anlly handicap ped dunng their lifelime"

Concepts of normal and abnorma l early mammalian okHlopme nl lhal may
contribu te 10 prenatal and posln.lal ",produ c\lve S<tttnlng 'lral eg... a.. briefly
.. ,' ......ed. Possible teralological and toxic effects of chemical ag~nlS on the
developing organ i'm must be C"aluated wjlhin the contexl of ralhe r ~"'.,""'~

embryof~lal. perina tal waslage and po,mata l developmental and ",producti"e
morbldlly d"" 10 olh~r en,imnm~nlal and gen<1ICcauses, Mulliplication and
diffCT<'ntiationof fUll<,ional units during early de,,, lopment and effect' On
functiona l reserve adapl ive capaci ty in lh~ developmentally malure organism
provide a conceptual framework for evaluating ad,~.... ~ffect' of chemical
agents.

The importance of '''ljd dose-eITret. d"",-r~,ponse .. Iatlonships as an
~,s<:nl",l basis for hazard evaluation I' messed and is i1lum'le<! wilh the few
a'''i lable human e"ample,;,

Finall). lacta tion as a route of ~xpos"" i~ discuSS((!beca~ it r-.:prcs<:n~ a
uniqu~ ~arly rosln.lal nutrilional Mage during "hich the rapKily de"eloping
,uckl;ng infant is completel,. dependent on mother 's milk. which. if contami­
nated \\l1h toxic pollutant chemicals: could posea significant threat to early
poslnatal growth and developm~nl



2 BIOLOGICAL ASPECTS OF HU:\-IAN DEVELOP:\-fL",
RELAn!\'G TO EVALUATION OF ADVERS E REPRODUCTIVE

EFFECf S OF CHDIICALS

Dunng II\( cou"",,of nonnal prenatal human do"el<>pmonllhehuman concepm.
increa... from one cell. Ihe fertilized egg. to - 1000 billion. of cell. in lho
,.,....bom Infanl . From lhis qu.anlitali' ·e dimension alo".. 10oay oolhinll of lhe
qualitalive comple:xilieo of diffe",nlialion and inlonclion of a' "'Ul 100
hlStolollically distinlluj,hablo lypes of celL.. il is nOi .urprisin,l 10 find lhal
abnormalilies of dO"elopmom are f~uenl. Thore is great opportunity for
inluf <r<:nCO"" h earl)' developmental proa:s"" due 10 abnormal inlri1l'lic
(gonOlio:l capacily. as "'ell as from ad' 'e.... environmontaI inJ!uo""". (e,ll.
chemICalpollutanu j ...·hich may impaC1111edevelopmen tal SC<lue""eWe have
very hnle knowledgeof details of do' 'elopmtnlal processes nr the m«:hanisms by
,,-hich lhey are impeded.

With thiSdo''''I<>pmentalperspoeh"e , il ISnOt'0 surprisinllO leam that a largo
fract Ion of embryos and fetuses failtn dovelop ..i th sufficienl capacity 10so"i, 'e
10birth . Rccent clarificat ion of the major conu ibu lion of chromosomalcauses of
early embryofeta l ..-astage bas provided jIlSighl lhal felal Incapaclly due 10
chromosomal aboormahti". and malformati ons of unkno ..", CauS<'<xm'ribu'e a
large fraction of embr)'ofetal .......Ialle due 10in.bility of aboormal embr)'os.nd
fetu... 10 su",ve . [n addilion '0 lhe 1S---20'\ of prep nc1C5"h .. b end in
perceived spontaneous abo rtions, it iscurren lly eslimate d thai 40-50\ of tolal
concep lion. do nOi survi'" to Ii'''' birth. a ph....omenon lhal i. also o~rvt:<l

widely in olber mammalian spoei". (Carr. 1977; ..., Warburton. llus publi.
cal ion) , Yel lhis eXlen,;ve prena lal biolojlical fillerinll by spontaneou, abortio n
is not completc_Approxlmattly 1In 200newborns hasa deteclable chromosomal
abnor malilY. • nd il is con",rvati",ly estimaled thai 3- 5"1. of human infanrs art
bo rn wilh medicall)' significanl birth defects or menta l rtl ardation, Yet. IlIert art
few proven human leralogo'tI and it bas been predicted lhal drugs and
envi ronmenta l chenricaL. cau"" less lltan 1 ~~ of congo111talmalfonnalions
(Wilson. 1973: Brenl and Harm. 1976). A meas,,'" of the pnrn i'i' -e"" s of
current knowIedlle i. ,he admi.. ion lhal ""e are unable:10 as"i" .poeine causes
for 60--7lY'1. of malformal lonso~rved in human infant.<" I birth (Wil'On. 1973).
Since mOSIbirth defects are of unkno...'n aeliololY il i. posI ible: lhal some
addllional portion ~ould be due 10 prmalal exposure to toxic ~hemicab.

Approxima lely 3", of tho US popnlalion i. considered mentall)' ""arded
( [Q <: 71) Abou l 10\ of these individual! art SC\-",relyrtlarded (IQ <: 50) Il IS
eurrenlly 'houghl 'hal tbe majori ly of ~"ere menial retardation ",pr esents
discontinu ou. phenolYpes due to ebromosomal. env'ironm.n tal. Mendelian and
mullifacloriaIcauses (Opitz, 19801, The numbe rs of mild 10modera ld )' retarded
persons who may have been .d "' .... lyaffected by prenata l or perina lal •• posu,..
to IOxicenvironmental. bemnl a", nts canoot currently be eslimated, Recenily.
the firsl lIron li C"idrnce hal been pr...... ted thalebildbood (non-OCCUp"lional)
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exposure 10 unidentified ambient sources of Icad can cau .. ncurop$j<:holog;,;al
ddicilO lhal may inlerfere "..ith c1a",room performance (Needlema n or 01.. 1979.
1982). The frequency of non~apl;'" clasuoom behaviou r ;n<'rcasedm a
dose-rdalod fashion telati"e to d.""ne (tooth) lead le,..Is. at dOS<!lbelo".. those
producinll .igm or SymplOms,,".re enough 10 be diagllOStd .~nically

To .. <llualt poMibk ad'''rso eff«l$ of prenata l d'emical txposu .... tox",
df«15 of chemicals mu.1 be distinguished from lhe ralher high batk ground
frequ.ncies of p...nata l gro"lh mardalion. bin h def«l5, mental rtta n:lation and
learning or olbe r beha .ioural disorde~ of un kno"l1 cause, Tbe formidabk lask
of det...mininll ""lid dosc- .... pons< relationsh ips in prenal ally and pcrinat ally
exposed populalions has infrequcnll)' been accomplished to dale. E=pti on.....
lhe dentine k ad- .. hool performa""" $ludy of Needleman tr 01.described bridly
.1":....,. • nd lbe Iraqi mtth)lmcrcUT)' oUlbrt. k d<scribed in more deta~ below.

AnImal models provide powerful tools for In,-.stiplin g m«hanrsms of
lmotologi( al tlf..,l$ butcurrtntlj ' .pplied leralogenicily '"'IS scnns '-ery lrmitod
m lrntlS of therr capacity to prWItl hum.n 1.... log.ns (Brenl. 1972), Lack of
fundamcntal knowlwll" of mammalian de". lopmental biology is lbe mosl
seriO\l$ handica p W<; fact in de.i gning rational and reliabk non ·hu man
rtpmdutl i,.. SCrttninlllt$\S . Tlius pr... nl a pproachc5 10 l...alogenicil) .nd
d.... lopmentaltoxic il) le$llnllmuS' bt <mpiricall) deri'-ed. This , i' ua, ion could
be lmpro'-ed by ,nformati, .. oompara'i .... pha rmacokintl ic- stud;" amonll
mammalian .pecies as promoted by Rail arw.lO'belS (Frt lrt ic-h tl "I.. 1966)
oouplcd ",-jth furth",- d.. ·. lopmtlt t of more .. n"li,. "ru<:lure - function assess_
1IItni of poslnalal end -porn" ...cb as as lhose de.. rtbed by Rodier (... btl",, ').
How.... ', as oomrnen,od by Wilson (1977): 'T he absenc. of emb1')'OlOxicily in a
w. n-conduc,od animal .. ud y, at doses rep= ntinll reasona ble mulliple, abo ...
estimaled env,ronm entalk, .. is. dotS not aSiu... tbe safely of any chemical.'

Ultimatc!y, dir« l obscro,llional . tudies in human populalJons must provide
lhe mosl reliable lesl or ""belbe' oc no, exposure isassociated with ad ........ health.ff..,,,in humam . Possible end -poin" include a speetrum of rlf..,,,fcom.ltnli,y.
reduced f.ni!ily or spontaneou s abonion or slillbmh, through intrau t.ri""
growlh l'C1aroalion,10.u .....i'''1 with non·lethal cODgeni'al malformalions or "' ith
abtrram or reduced funcliona l capacities of various organs, especially the
reproducti' .. ')~ lem or lhe cenlral n. rvouS .y'stem,

Stein and ooworkers argue pcrsuasi,..lj lh. irnponance of oon'lru<:ling pre.
expcrim.m design and e'"lu.l in,l p<l<t-<:xpcrimcntim.rpl'C1ation of .n ,iron ·
mtntal health .ludics of chemical .genu In lmn< of statislical power analy.is
(StrobiDO" al .. 1978: S«': Warburton , Ibis publica lion), Po",.. , is a mta<u'" of
lhe capacil) of a study to dete<:t .n dfoel . MOSI obser>.. .. "' <>uk] suppon
. " ension of ",..Il..:ltsignW epid. miological .u" '<illa"",, "ud,n 10 monilor
posoiblc .lfoe" of emironmem al chcntlCalagent, polentially injun"". 10exposed
... bselS0' in SOme insta nces possibl) 10lhe population allargc (... PCBs below).
Ho "'.. ' .. r, il musl be emphasized tha' no"" of lbe major human lCTa'ogen. has
been idenlified by .pidemiological mtlhods (Milkr, 1970). or by ....... rtinll for
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leralOgeni<ily USing anlmal$ l<'SlS.RalM r they ba"e been dlSc,werm by a lert .
observant m<:dica.lpractitlon .... orten aided by pal;enll or related lay otts.rv e",.

J TOX IC OR T ERATOLOG ICA L errccrs ON FUNCf IO :\,AL
U:\'ITS AN D RESER YE ADAPT IYE CA PACITY

Col>Cql1$ of de' .. lopmenl and regulation which ha, .. been oriii nated or
promoted by Goss (1964, 1%6, 1978a,b) ha ,.. potent ially t ;l mficant Impl;.
cations for understandin ll and evaluu;n g t<ralolop::al and to..ioologicaletr""l$
of environmental chemicalt on d<,.. loping mammals , G O$$' da$$,ficauon of
tis,ues in Ie"", of thei, mitotie or " g<nerati, .. growth capac;,ie$ provid es a
relew.nt general de,.. lopmental frame""ork

Jq,.. ...'Urg rUsuf' such as the ep;derm is. rnUCO$aIepithelium of lhe gut,
...miniFerous epilhe~um of leslis, and blood cells, are in a continual sta te of
muillplialt ion. i.e, cellular losses are kinetically balanced b}' replacements
(I'igur<:$l. 2). 1'01 example. appro,,"nat<i l one million n.... fr)'throc)'l es
are eon structed "',"f) ' s« ond to roplae< an "'Iu i'a lenl numlxr "'hich are d....
lrO)'ed dunng 'he same lime inlerv aL The germinali' ," 000.... of tl>esemsues ,
$pat".lI)' dlSli,..,t fro m lhe f<'$ultant d,lfer<nlla,ed cells. are populated ","h
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OM ",p"". Rnt<v.'Utt ,#.no<, "",nllnu< ", pr ol,f. ...." ' h' ouJhou' hi e.
leneral,nl d«=,d..,,, 'ha'drll'<renllat< Inlo non·mllo"< ", II• . S"" U:
,ill"",p<rma1l<nlly10.. ,he <Opocily lo di"d< .. lheydill'..-cn' ial<<orly in
hfe; ll><reaf\<r,hey Irow by hyp<nrophy Expa..Jin l'i.f' ... , do nOlIlop
div;(I;nl ~n,it body pO ....lh <e. .... despot<'I><i' f~lty dilfe",", i.,od
<on,h'.,. , ( Reprod....... "'lh pa-mass.,n from Goso.1967)
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dltf.... ntiolt<dcornpa,,"""t . and 'he I,fe'P.n, 0( the"
cells.re ...lall,·ely.hart . Expand.." liJ,.".rec.pab l,
0( cell division in the fully dilfercntiolt«l "",e; 'h, i,
""",ilk prod..." . ... =",«1 from tl><cell, .1'>(1 ,he
fur>cti"", oro, in general. chemical ;n o","r<. A<
indiea'ed, SOIn< tissu.. and <><;an.of ,I><body ,ho ...
o""hu tes ,n oomm"" "",th rna,.. 'han one of ll>es<
c.1<Jor... (Reproduc«l "i'h permi'"'''' from 0"" ,.
1967)
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...tati' ·ely und,ff<ren'iatW progeni'or e"ern') c~ll. in a >tate of conslant
prolir~raljon.

In txpanding IU=. $uch a, rna" ~ndoc,iDe pnds the... is no .pal 1
ir.comp.t ib,lity "" tween prolife,a tion .nd differenti.tion. Di"id ing cell' a ...
diffuse1}'d i'tributed. The... i. no need for a germinat,ve compa"m~nl .. parate
from differentiated cells 'ince all cells apparently .... cap.ble of di'i' ion

.\eh tot,cally J1~lic 1iJ.<ue.,~ , g. lhe nervous .ystem and .triat«! muscle, do no'
prolif~rate ""yond ~.rly 'tag ... of de,'doprn~nt when De"robl.", and m}'oblaSlS
"" gin 10diff~remi.te into neurons and muscle 6bres, Cellsof these .talic tissu... .
like those in ~'Panding organs, are capabl e of loving a, long as the orga nismas •
whole ,,,n' iv... Differentiated cells of both .tat ic and renewina lissues cannot
divide , In static ti...... the germina tivecen po pulation Comparlm~nt is separated
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f'om the dIfferential"" ~II< in tl_: in renewing ti.... e'. tlte ",paralion i' spa/wI.

In contrast to the inabili[y of differentiated cens 10 rentw aDd stalic [issues to

proliferale. dilferemia[ed ~Ib in expand inll tissues have tlte capacity to
proliferate wilh eMe at all na g.. of [he life cyclt .

Proliferat ion of iDdi" idual cell< is sufficient to promole full funClional
competence of a tissue or organ only when tlte uni[ of function is [he ceiL G<)SS
(1%4) defines afum;ttono/ unit as the smallest irreducible ,lruc ture >tillcapable of
performing [he ph)~iologic.al activities specific to lite li" ueor organ. Funct,onal
uniu may be 'ingle cells. e,g. blood cellsor cellsof many of [IteeDdocrine gland,.
G rowth in these lissues invol"es production of new individual cell, .Organ, such
as th)'roid glaDds. or exocrine gland,. ha"e apparently retained unlimIted
capacity for produ cmg newfollicle,.0' secrelO'y acini .and arc thereforecapablt
of remarkable growth and regeneration . Orll"ns with tlus Iype of growth and
regenerat ive capacIty art referred to as indnuminau organ•.

In .ome organ, fUn<:lional units are multice]]ular and they cannot be increased
,imply by multIplicat Ion of their conSlituent cells. although such cell multipli­
cation can result in enlargement of iDdividual funcliona l units and in a limiled
increase in functional capacily , It would seem 10ha"e been to the advantage of
the orll"ni,m ifsuch organ' werecapable of p,o liferating (or regeneraling) althe
orll"niza tionallevel of thelr functIonal units. yelllte evo lutiona') ' >equence has
eliminated regenerallve capa city. Some organ, such as the mammalian kidney
are unable to increase their numbers of mullleenular fnnClional units. The
numbe' of nephrons in lhe kidney is fixed early in life and cannot be increased
aft.. developmental matu ratio n (FiJllrt 3). Compensalory growth of a
kidney after "'mo"al of the other kidney of a pair i. a<hi"ed by cellular
hyperp laSIaand hypertrophy , resulting in larger nephron' ...ith ,ome increa.. in
functional capacity. but malure kidneys are unable to regenorate nephron"
Orll"-ns incapable of regenerating funct;onal units aft~r malurity include lu ng
(ah'eoli). •mall intestine (villi) and testes (seminiforou. tubu les) (FillU'" 3).
Growlh i' possible in these delent/ina" organs only by inern,;n g ,ize but not
number of functIonal un;ts,

II ;, apparent tbal toxic chemical agen.. (or olbe r ad"erse genetic or
en"ironmenlal factors) could reduce 100ai res<:rve<Uiaplive rapa6ty of de_
rermintIlt organs (l) by interfering "'ith formalion of Ihe absolute number or
anat omicdistribution offun ctl"nal units generated duri ngear lydevelopment. Or
(2) by destroyi ng funetlonal un its afler malurity when they can no longer be
replaced. Both elfect. permanently reduce reserve capaci ty aDd rend.. the
orll"-nism liable to debllitalmg or ", en life-threatening effects if the numbers of
funct ional uni'" are funher depleted by otlter physical, ehemical or biolollical
injuriou, influences. or by aging.

Thu., if an organ (irrdn.,mI Mle) can muillply its functional un its il iscapable
of unlimited growth (hyperplasia) and relleneralion to mamllun funclional
efficiency. Conversely. ~"rm""'le organs can compensate for d" .. loptntnta l



m

,., ." ,.. , y,m

• , .. 4 c . 11o

104. " , .. C. II •

AI... 1i

.....

I
;
•

h ' • •••'.,

' n .. . ·. '

.. ... , 10.. . ' . ' 10 , ..

... .. '" c .. 4 •

0 ..... .

.. . ..,.. .0.1.1

0.•".. 10""'"

.. .. I ... . ~ , ...

.. .1.' .' ". " '. "~,, •
N . .. . . .

, .
• • • .". ' 0 ~ ~~, ,

. ,,, . M. " ,Il >
Du Ul lD N O' NH Un U , .

Fi.ul'< 3 Du,o,;oo 0( hH>.rpl '" ''''IO u' hi"olOll<.1 " , ,,,,'U,.. '" man
Or.OIl' in whi<h, ubo" ""W'" « l<>muk'r 1ybero.. m.o.turity hoY<d""mIM"
numbe.. of " n>cIu,, 1uni" "od ''''' ,''''ed oopoci'ie> for i'O "' th boyond nor mol
lid. It d1111""'0 " ,Tho><...hlen roto.n ,h""hl'r<"o.... lieobi~t;... throupou" f. COli
po w ""'< lIl1olly wi' hou' """t. and ,Mrd"or. hov. ,od"u...muu num b<ro or
.. ,ucturol un;l<. (Reproduced "Llh pe,n'II.. lOn from Gou. 1%6)

miue"o., or ma,u ", Ioues of fU""lionll unll' only '0 0 limi ted c~tcn, by
.olar.",. tbo remaini"i fUI>ctlona lllNU (h) ·pertropb) 'l. It is 1>0,~ "PPI("(nl
",hY«1'l .l1n nrpm "'" cndOl''O(\.....'h IInhullled powc" of aro""!h " 'bile some of
the """" "tally essential OfIIM of the body. the brain. lho bean. l hi! lungs Ind
tbo kidn <').....CI1lIlOl Iq:mcnt lbtlr apectfoedpoput..tiOl1S of fllll<:UODl.l11M.
tGou. 1967) Tbcrd"ore. il II 1>01surprlOlfIJihat tbooe tIclcmnnat c ""P ....
lDd.. ponoablc for ........,.-11. "'" owccptlblc 10 elfocu of "",,-.no .. mroD",an.a1
elf.,;, ... tuch """"" or II,..,. rna) onnuibulc 10 debihla1lOD or Ic1hatily

[do DOl meal> tD impI) ' 1" 1~ "'" not other ImpOftIDt ........ n .... for
"" " ............... ".'" "'JUf}' tD orpns of """,,lopm, mammak. 0._.,tD tbo
.,_ or interfCf'CDClC..,til""U-edl 0>1""'- botll dunnJ dc>..1oprMDIand
'" lloc maNrc """'tnl ne.-.OUl 1)1.1C1DIrc ImpOlUDl poosiblo ......... n ..... of
llO....toIop::ol and Itl'Uctllral 100lC cll"«1S al lhi! ""lluIu or D.pO ~L

~.. cnbolcss. it cdk or f\lDCIioolal lIfIIlS "'" "'" im~ lIP'tt:I Uld or 1("(
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d" troyt<! and cannol be replac<:d. the possibilities for olher level. of de­
,-elopme ntal or functional intaa<:t;on. I"",. betn etim;na l<:d.

We need to explore in a mor< <nlighlen<:d"'ay lhe potenlial of these concepts
of genetica lly progra mm<:dd.... lopment of functiona l un i". determ inate and
indetermlnat . growth. and r= rve adap live funct ional capaci ly. as the}' could
relate to in'esl igatinS. unders taoo ing and preventing terato logical and to xic
effectsof chemical (or Olher) ag<nu on the devcloplng mammal, They provide a
powerful co~ptual frame" 'or k for quanti tative assessment of Structure (num­
bers of functiona l unn.) and fUDCtion(ph) siological r"",n -' capacity) re·
la t;onships th roughout the lif. cycle.

4 REHAVIO l..RAL EFF ECfS RESVLTI,..-C FRO M PR£ S ATAL
£ XPOS (;RE TO TE RATOG £M C A;'\O TO XIC CH £ \I rCALS

II ISthe hope of behaviou ral teratologist' tMt the oppo rtunlly for e.. mining a
,,'ide ra nse of functional aClivities and re.ponses after exposure to pol.nlially
toxic chemical agents "'ill provide posoibililies for di"", m;ng subller effects lhan
may be apparenl hy standard gross arnllomQ I or hil1olo&'CR1analysis.
Bella"ioural t"l. can be though l of as polent ial integnllors of fUDCt;onaleffects
of possible minor muetura lah nonnalitics in many a natomical\ocatioO$. which
may be more d ifficult to discern by direct hi.tological .. aminal ion.

Ad"."", reproduct;"e effects may iDCludefetal dealh or gross malformalion .
Pos lna tal Su",, 'ors can ha'''' ~idual gross or minor malformat;on •. but othe r
Individuals may ha,-e sublkr ph )'$ica r deftcl$. or func60nal bra in deficits
e"preswl a' rodu~ int<lhgence or aberrant behavioura l ~po=. which
would not bedisccrn<:dby prenatol C\'aluatl(>n. POSlnata lcvalualion of elftcl$ of
polenliallerato gens in anm.. rs is an importanl screening objecti, .. , si~ it is
mamly Ihis cia.. of ad, ..... effects. r..... lllng ,n hand .,a pp<:dhuman su,, ';' ·or>.
,,-hich i. of major concern to _ict) ,

Significantly abnorma l function of most crilica l organ systems 15 usually
expressed in mortolil}' dato, Ph)~iolog.,al dc"alio n, comp at ible with su"iv"l
require more d.mandinll efforts to discern , Failure or unpalrod function of
reproducti , .. organ, and impairodh~ funclion' of the cenlral "",, 'ous Sl~tem

are belte r tokral<:d than deficits;n mOStother organ '}~Iemo. 'inee they ha, .. less
dra'lic direct Impact on 'u""val of lhe indi' id ual, Therefore. these organ
sy<tems, especially tne central ner' ou. , ystern. provide sen, ili, " useful ind icators
of ad' ffects of chemical agenlS.

The d loping mammalian cenlra l ne,, -ous 'rotem io <:specially,...lnerable
because of its Ions d.. .. lopmentol sequence contInuing throughout much of
emheyof.tol developmenl and eXlendlng ",ell beyond birtn lnlo infancy, While
""urogenesis is onl}' one of many com plex e"cnlS in lhe d. ve lopment of lhe
""" 'Ou' 'rol.m. it" crillcal for a nervous s}stern lacking a full complemenl of
neurOnS would nol be cxpecled to d.... lop and function normall y.



PeriMtal Ex/X>sureand Ter<Uologk(J1Emi-/X>ims

""" 0"

,...." "'"

.. .. ~, " u,

.""" ",

--, ,
" " " " " " " " _" ' _n n _n . .. un _

Fi~ur< 4 Chronolo 8Y of prohfe, .. i, e bu"" of neuron p«>dllClion in mou .. CNS
V""". I hn<on E I).lpten'''' 1d') I).)"p,...n"I." d.y of 8",,,,-'ioo "..hen I "' '' cxtcrna l
m. lformation . e.n be IndUCedby inlerfe",oc. " 'ith coil pro hforll' ion Vorl" . l line on d.;
I? ,ep", .. n" lime of birth . Parcnttleses onclose S1"",tur", 0< 0<11';'pe i""ILlded u
c' .mple> , fo, •• ample, n,"n;' 'hoi amo: n""l,; a r< fo"",na on E14_'h< me,h.l n""le, are
r<pTeS<n,.,i,o of alar!!'" 8I""p . (Il.epto<l""ed "ith remUs."", f'OI1lll.od"'r. P. M. l'lllO)
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Th roup \l5O' of 'Ul OradlOJI'lIpIucIabelbnll technlq ..... complu schedules or

prodllCtion of dilf.mll neuron IYPOSha,~ ~o <lolOrmlll.d10 0CC'Il10' "tT• long
<Jt>,..,lopmonwperiod "llb burws 01 dtffORtll neuron Iypes fomuo • • t d'lfOTall
urnes (F.gun: ~) (.... ""In ' by Rodi ... . 1980. for dowls) Tb OdLbo detaIled

""0" . ....

• • • •..,..,., .... • •
...,, ~..•, ~...

F... ~ ~ Hncnarm l A ....... r"'_leadLOb)-p<no<U>1I reltrellOd ... ...
.. ""'_d ........ pmocl.atl<lllIoy .. -.ppDnl l ll oprod_ .." b pcm . rr­
11._ . PM .. Iml
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chronolo&y of produclion of different geograp h,c populalion, of neurolU
becomes impor tan t for undcrstandin g l~ clinical ",Ie,' ..nce of liming of brain
injury during de,,,lopmenl . Though absoluu: lune schedu .... oflhe llen..... ,;on of
neuron populatio ns diff(T among mammals. ",lali, .. temporal sequellC<'of
produclion of different types of neuron. at'< 'i milar.

Bra,n damage re<ulting from interference with neuron pr"hf(Talion may 1'1,,,,,

,

~.~" " ,,'

.<....,," , <l

,,,.,-,'",,'

• '" ,..,..'" ,.., . .. , "m .
.0" ••·.. ,..,

F,. ure 6 H)'I'O"Cli,i ' l' . ...fIe, delay$, locomor", . bnormolities, e nt a l
penoo [0' syndromes ,ombon,nl h)'POl"'"' -ily ...ilh ",ri",," ...fIe> d<la)$.nd
mo'or .bnornul" b'pha,,,,, lIoIh earlyand late ""lUlu ><eml<>lead'o'h<><
beh"' i"" ,, . ,,'hil< ,ul" '1'1 1><,..... 1'1 ,!lese period. 1'10,.. "'h<r elf",,,,
(Roproducedwilh pern-lIn '"" f'om ROlher. PM . 1980)
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a ,u J<t) of t>chanoural dT", .. , .,nce ,I>: ,)~,eon. lhat a~ damaged ",II dilTer
fromonedevelopmental stageto another. Studiesor specific tempo ral insults
(e~posu~s 10X-irradia lion or azaq1 idino) to <XIIproliforalion ha '" documented
thaI 1!Ie bd'i" 'ioural elf"'lS are a. 'ime dependen l a. l!le correspond,ng
neuroanalomieal elf""" (Hicks a nd D'A malo, 1961: Rod ier and Gramann ,
1979), Cell 10'" al dllTerenl limes prod uce;;differenl berumou ral elf"",•.Rod ier
(1980) has ~Iate<l .",,,,.1 periods for beha"ou ral efT",.. 10n it"'a ! per;od. fur
neuron produc tion u"nll azaqlidi ne 10 inlerfere ,,'ilh proliferalion of neurons
o"er Short lime inler'aK Hyper"" '" i') ,«on, '0 be ,rod"'a'i "" of bram dama ge
d uring lbe middle par! of neUron produ c"on (Figu~ S), In eOntra".
hypoaet i" 'ly a ppeal""<10be lhe resull of interferen ce "' ith proli feral ;on of neuron,
of eer<:bellum (FillUre 6) en her d uring lhe lwelfth day of geslalion or durinll
lhe fi"l poslnatal "cd< Ot her limed p~nalal ;n'u lts prod""" abnorm al
perfor mance On a 'a"el) of tests " h"'h ",'ohe learn,ng (Stt Rod .. .. 1980, for
further dela,I,) . Thu, 'I can be concluded thaI ,)"em ic insull' at d'lfer<111S1ages
of neurOl!enC'<l'du"n ll brain d",e lopmenl mal result ,n sogn,lkant and laSl,ng
beha,,;o ural altera,;on. "hile le.. 'ing Ihe alTeeted animal. appa~ntl) nomal '"
physica l ap pearance, The' ariely of beha' ioural elTee" lhal can be produced is
"lc n, ive, "w,n wilh lhe uS<'of a single lOralo,. n a' dilT"rcnl' imes durin g br.lin
de,,,,lopmenl . Timinll of e~posu~ and tempora l oeque""", of proliferalion of
specific brain cdl pop ula"o"" are ob"oujl)' ~rilical variable5 which go''''" lhe
pro<!uetion of ' !J<Ci/ic behavioural leraw logie. , Chemical agents" ltich produce
pt rman enl alleral;ons "f beha" ,our muS!be regarded as hazardous ne n when
lhey canno' be 'hown to produce morphological changes .

oSOOS[ -[FFECT . DOS .: RESPO :>OSE REL-\T IOi'iSHIP -B ,\ SIS
FO R HA:tARD [\All ATIO:-'

Recently, Wilson (1977) wrole: 'T o dale onl) one chemicalagen t ;n the nature of
an "nvironmenl al eOn,am,na nt or pollulan l has be"n Cjtabhshed a$ cmbr)oto ,ic
in man, namel) <mlhylmcrcury, which eau ... bolh prena lal and poslnalal
lo",e;ly.' MClh) Imereury i. alsa one of lhe few 10\le environm"ntal chemICal
agenlS for which a v'a lid adull dose response ",!al;on,hip hal been determ,ne<!
More recently. a dose response haj ~n mc.su m! for huma n prenalal
expo'u~, providing importan l ne'" informal;on on "ltich 10 base human hazard
""Ioal",n (aar k"""., at.. 1981).

l arge oulbr eak< of mercury po,son,ng ,n Japa n in Minamala dUring the
19505.and in Niigatll ,n the 1%05. raised public concern aboul heallh hazard. of
melhylmercury, The poison inp " -ere caused bl eon,um pllon of fish 'ha' had
been contam inaled by ;ndustrial d oseharge of methylmercury compounds
(Tsuba ki and Imka )"ma, 19771, When S" ed" h in... ",g al<>'"dl5Co'Cred lha t
inorganic mercur)' co uld be melhylated b) microorga nisms ,n lhe en'"onmen l
10form methylmercu') ' il "-a,realized lhat lhe ec<>lot<icologicallh~al "-a,more
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.....Jc;;pread (WHO. 1976, NAS, 1978), Standards ror maxImum sare 1e,"1sor
mtlh)lm.rcury in edible fish "..re proposed by se:".ral nallollS. and WHO
advised a tolenoble ...eekly inlak. of m'lhylmN<:Ury (WHO . 1972. 1975). Th<-s<:
.. lImat .. ,,-..... d.ri,-.d from bot a'ailable data bul there ...,.. an imponanl nted
for quantuau," human dose-.ffect. d<»e-respon .. rdallonsblps and ror
id.nlifi<:ation of lhe m""t><:lISil;'-e .tage of lhe human life<:)-de, In Japa n. It had
been ol»<:r,..ed lhat asymptomatIc mOlhe,.. expo><:dto mtlhylmercury dur ini
pregnane)-' .ould prodll<:eneurologi<aUy damaged off.pring.

An unu 1 opporluni t) 10 obtam data ror del.murunll dose-response:
relal io""hips s provided when a Iarg. outbre. k of mtlh)-'lmer<ury poison inll
occurrtd in Iraq d un ng II'.<:winler of 197 1-2 (Bakir 01 01.. 1973)_ W;llun
approximalel) a ]..monlh ponod lars< numbe,.. of rural fa""lies co""umed
hom.mad. bread prepared from >e<d "heal wbl.h had heen trea led ,,-ith a
meth)'lm.rcury fung"'ide. More lhan 6000 PO""' '''' ",ere hospila liztd and
appro ximat.lj ' ~50 bospita l deaths "-ere amibu led 10 metb)lm.rcury po isoninll.
Many 011lN mdi"XJU'lls are ke o"'" 10 ha, .. heen se:.-;ously poisoned_ The
imponan<e of this lIrge oUlbreak as a unique opporlUnll) 10 oblain delailed
information on eff""ts of prena tal ",posure was appreclated and long-term
studies ".. re inItialed 10 doc um.n, bo'h adult and prenalal retal "'1'O'ur<'Sand to
obse ..... 10_'''' .ff"""In "",olung off.prini-
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F;iure 7 T rela.,onsh,p btI"'« n frequency
of "ir" and .ymp,oms and ,.... <>ti.... '«! body
burden d n><th)irntt<ul)', Ilo'h "'ales of ,....
al>o<;"o ",fer '0 bod)' burde". d .... 'h)In>e=I)'
(mva' , .... <...... ,oond e.posu«, The ''''0 IIC..
rcprntnt<d dLW,ren,.... 'hod. of ..,a!culatlni ,....
body burden .. d""ll55Cd10 ,he Ie" (AdaPlod
f'o m Hat, ,, ' al.. 1913)
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Dose response relationships imply cause etl'eet relalionships, Tn.;r impor .

tance as a baSIl:mput for huma n haza rd e"alua tion is well recognited . Tho:
relation ,hip bel".... n frequency of"",s or .ymp toms and ts hmatM bod) burd en
of no n·pregna nt adul" ,n Iraq are .hown ,n Figu re 7 (Bakir et IJI, 1973),

II was discove~ Ihat llH:concenl ration of mercury in hair althe time of ilS
formalion is dire<lly' proportiona l to .imu llaneou. concem ral ion in blood.
Seq"" nli.al, segmen lal analysis of ha ir mercur)' contenl pnwided a reliable.
quam ita li", means of ucapitulali on of exposure for 2 yea.. or longer prior 10the
lime of hair sampbng. ' i""" hair vo" " appro xima",ly 1Q'JI each monlh .
Matern al hair mercury Ie,'ds were delermined lhrough pregnancy imerva ls,
pro, id lng an inlegra t" .. index of fetal exposu re. and ""a blinll dose-respon ..
relationships 10 be dO'-'eloped for postnatally observed effeels of fetal exposure
(Figu... Il) , Maternal hair mercury Ie"els ""ererelatM to freq""".lOS of malo.­
retardati on and OIher central nervous S)'S1emsign. in 112 mOlh<r- infOIlt pairs
(Figu... 9) (Clar kson.' 01" 1981),

TI.:.. obse, va hon. pro, ide II.: fif$l . ,a mpk of a dose-response relalion,hip
of human prena tal .. posure to. 10,ic en"ironmental chemical pollulant. The
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Fi, u," 8 C_tr .. ion of tOl.1 mer<ury I. Iem '"1I'l"""0(
<amp" 0( """ .... , .• !\>-i,. " '!>oleblood .• rId bobr '. blood (pre •• tal
u poou re). 111<proolJoC<d"'LlhJ>Crm",,,,. from Am;"·zak , ~I M,

( I~76) Am. J. Du. Child, 130. 107{)..1016. Copyri"'l 1916.Arne"'''"
Med",. 1A>ooc.. " " . )
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FiJI'''' 9 Fr«iu.nc y of . bno,.." . hlieo in pr<JIa...Uy
• •posed cb;ld",n '..". .. ,be rstmu.l«! lI>U,mum body
bnrd.n In II><motl><rdu rin, pr<p&ncy. In F;JII'" 13.9A . ,I><
.. "ma'''' f""'lurn<:i<s " "r< oblain'" by ,I><Hoc key St;ck
"""hod and in F;, u", 1l.9 B by k>Ji1on.oly. ... ll­
Motor mardation II d.fin«! .. foillll' '0 " .. Ill by tl><01' 0(
IS "",n' bs; to... ..... CNS " p, mod.ra« 10 ...... r< =Iral
n .. .,QU'.ys 1<m (C NS) li ps ....... d.fin«! """OrdID, 10 0

oo:orinJ system ron":'J from mild (un;'y) to moo' 1<V.r<
( <<0) . CJI; ld",o ""th a 00:0'" ...... 1<rIhon Ih ........... <!din«!..
hov;n, CNS ....... . Tbt oconn, was bu<d on tl><... ull. 0(
. .. mi...."onby 1"'0 iOOql<oo.nll><Urolop'" (Rcprooncod
"ilh pcrmiuion from Clar'uon . , Q/•• l!llll)

adu ll and prenalal dose-responso ,..,latio1l$llIps enabk quanlJtalJV(:compaf1$Oo
of d itferential sm<it,vily at diff.",nl life <)'tie Slag<$. providing. more sound
basi' For human ha:ean\ . ,.. lua.lion .

F ro m II>tse dose-response rela,ioru;hipo EC IO , .. luts ha,'. been c.alculaltd
...-hit h ind ica lt lbat lhe human fetu s i' mOrt sensitive 10 methy lmcreury than tbe
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ad ~lt , non-pregnant ... rson (Clan",n r l al,. 1981I. Current "'limates indical .
rough ly a facto' of thre< or fou, in relatn '. ~ru;lti\'i ty. It sho ~ k! be poin ted o~t

that the 510.... of the doso = po= relatlonships for fetu, ,.. rsu, adult a ... not
pa 11eI.so 1ha1diff.r"" t '''lues of r.1ati,.•~ositi"itYa ... obtai ned ifcomparison ,
a bas<:<!on body cOll«n trati ons at olher respo n.. fre<ju. ncie1, Ho'" . ".r. the..
data can he used 10"'timate practical th .... hold. ",'hich can help in .. uinlllimi t'
for ~ptab~ methylmercury • •!""ur .. in o'h.r popula,i"", potentially at risk.
Thus mn eu') 'ludies in anunals and m ",posed human populations a re
providing re<juired information for ~\tin g reliable e", 'ironm . mal arid nutri­
lional inlake hout S.

6 CH£ .\ I ICAl CO:-'·TA.\ Il -"ATl OS Of HU ~I.\N BIiEAST vmx
Followinll binh tile human newborn remain' highl) d.... nd.nt on maternal
,ustenan« and under norma l blolQll"'a lcm:~m'ta!"JCtS ttt <t \' <$ lotal nUln lional
intake from br.ast milk for many momhs, Pollut ion of huma n milk ",'ith
",'idesprnld S)" t"'tiC chemical eon tammant, raises reneem for potential ad ,'erx
health effects on the rap idly developing. and presum«l susceptible. suckling
infant (Roll"n rl al" 1980),

Human breast mIlk iswidely""knowkdged 10be the preferred food for huma n
infants. e'en though formula-feedinll by bonle i' an mpta ble ahema ti'" "'it h
apJ"lr<ol safety and good nutntl ona l ~ul" In a ma)o"ty of cases. Tllerefor• .
some alarm ha, bttn gen.ra ted by U", realila tion that human milk ha' ofl.n been
found 10 contain a "anet )' of hpid~lubl. pollutant chem.... ls "'hich are now
known to be "·id.l)' dispersed in the en, ironmen t. Questio"" ha' .. bttn raised
abou t the possibl. nsk to Infants suckled by mothers whose milk contains
meas ~rable quanlit i.. of a ,'ane ty of srnthet ic orga nohabd .. such as the
polycblorinated biphenyls (PCBs)arid dichiorod ipheny'l trichloroetha ne (D Dn
(Barr . 1981).

to nll-term Iow-k\'d e.pos ure to the organoha lides results in gradua l accumu­
lation of residues in body fat. includinglhe fat of brea'l milk (Rail, 19791.
lactali on i5 the only roule by which largeamount. of such = idu•• are kno'" n to
be nc reted , The fat conlOnt of breast milk "aries "'idely among "'omen. "' ith
some d,ff.re ... .. e"en In the sam. laclatinll mother from da) to day. as well a'
, ignificant increases in concentrati on e\'Cndurinll a single feeding. Sinc. these
chemicals are near ly all part itioned in fat il is not ,u rpri , ing that the re is
con.iderable ,.. nallon in reponed milk 1e,,,I, . Concentralion> of chemical
~Idu.. in milk should be expres.sedon a fa' cont.nt basi. to aId m compari ng
results from dIfferent studIes arid O,'er t"" •.

A .)'Stomatic ,un-'ej' of pesticid.. in mother ', milk was ,polt>Ored by the
En"ro nmental PrOC<clIOnAgency (Sa, 'age, 1977),Of 1038 milk samples. 30".
had Ie"els abo'" 0.05 parts per mIllion (p.p,m.j on a ",'hole mIlk basi• . and 6.7".
had Io\"d' abo'. 0.1 p,p,m, More recenll). br.aSl milk samplesfrom mOfethan a



Pu;>talol £XPQSII.~ ""d rera, alagieal End-pc/nt. Jl3

thousand aur<ing mother< in Michigan were ana l),;cd for PCB r",idue,
(Wick izer 01 aI., 1981). All of the samples collected from 68 of the ,wte's 83
eoun"es con tained measurable PC B "" idu,,",. ranging from trace qua ntities 10

~. l p_p.m. (fat ba sis). The mean level "-a,1.4% p.p.m . . 17.4°,. had 2 3 1',1',10.,
6. 14"., more than 3 p.p.m. It w,.. estimal ed thaI an infant breast fed for 8 month>
by a woman with this a"era ge PCB mIlk level (1.4% 1'.1'.10,) " 'ould ha"e a
rum ul.>tedbody burden of approximatel) 0.89 mg kg (p_p.m.) of PCBs. Nearl)
one-half of these sampled women had brea st milk PCB concentralions equal to
or abo"e the present FDA tolerance hmi! (U p,p.m, fat ba,i,) Forc",,"", milk
Blood PCB levets in infants ingest ing PCB-contam inalcd breast milk may exceed
tho,", of their non-oo:;upalio nally "posed mothe " by .. much as , i,_fQId
( Kuwabar~ "' 01..1979)_The possible effect' of this chemIcal conta minat ion on
t he i'ow th and dew lopmcnt of mfants are at present unknown

Because of their chemICal "abllLty and resistance 10 biologica l decomposItion,
polychlor inated biphenyls ha,-c become ubiquitous en';ro nmenla l conla_
minants . It i' estimat ed lhat more lhan L4 billion pound. !Ia' -ebeen man ufa<_
tured and introd uced into the marketp lace . inee 1929, and that 750 million
pound s are still in service and a"ailable to impacllhe en"ironment (Shelfy, 1979).
The high lipId ""Iu bility of PCB. facilitates their entry and progressive
accumulat ion in the food chain \eadlng to man, wit h the suckling huma n infant al
the al'"x . Unfortu nately. little tQxicQloglCal mFormation is a ,.. ilable o n which to
base hazard e,'a luallon. Of partIcular concern relati ng to possible prenalal
e, posure i' Ba rr's recent report that PCBs enter til< fetal braIn compa rtment,
thou~h tll<ydo not seem to cr"" til< adu lt bk>od-b ra\n harr ier (Barr, 1981).

Though these obscr ya tion, are .. a""n for serious coneern, til< recom­
mendat ion by th' Wiscon, in S."t e Departmen t of Health, in a IeUer to all
Wisco nsin physician" "at ing that certain ' ubsets of "'omen 'hou k! !lave tll<ir
mIll: ana lysed for PCBs and insecticides, and that til< Dq>artm , nt of Hea lth
cannot recommend continua tion of breast Feeding if milk PCB 1e,.. 1sm a mother
are abo'" the F DA tolerance timit, ",o uk! seem prema ture and imprudent
accordIng to Kendrick (1980) . A retro,pec ti, -e EPA stud) of lhe 197$---6 human
milk ,uf\ey and two pr", pecti' -e stud ies in pr"il"'" in Wisconsin and ,n North
Cacolina may provide data " hich "ill aid in evaluat ing ,,-hether a'herse health
elfec" can be aseena med in human mfant' whose mother' s milk ha' higher tha n
average 1e,,1sof PCBs

7 \IETH,L\ IERCUR' POlSO ,",I:'<-G IN 8REAST-FED l' iF A:\TS

That human infants can be se"rc lyda maged by mgestion of. mercury fun~icide

"" lei}' through dIetar y inta ke of exposed mot her>has been demonstra ted during
the recem large outbrea k of methylmercury pOlsonln~ in Iraq (Amin-Zaki 01a;"
1976. 1980). Til< Iraqi outbrea k of acut e methylmercury poi"" ning From
mgestionofbre-:ldmadefromseed"hent trented"" th a wth; Iml'reuryfungitide
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provid«l ~n opportunity to rnea$ur< mtthylmt"'UTy ,ntake '"' sucHng in
infanl SbQmJuOl prior to the lime .....hen the" mothers began e.hog conlanunalN
brca.d. As sh<>wnby the ""am ple In Fisure 10.• oc kl<':<1infantS' blood mt"'ury
concentrations ,....... frequemly raised to \e,-els ~.ter than those of their
moth"", by ,mosre, of mtlh)' lmercury in milk. A nu mber of Illest infants "'=
IatcT ","" ,,-aj to ha,-.sufferNI significant ad, -""", neumlogical elfecl s. (Amin .
Zak; ., al .• 1980),

POl<;nlially 13.,..,acute d=< of .hema l ag."l ! can abQ he lransmllled from
mot her In suckled off.pring. As much as 27~. of a 'r.ce, dooe of radioact,, -e
'odine admmist ed to a lactating ....oman has bttn ot>s.."'ed to cross the
pla,ma -mil k barri (N umb<Tg.,.and Lipscomb, 1952). Recently, .tudi .. of mil::<:
in our IaboralC>rYhave also shown lllat appro~i ma to1y 25',; of an imra' "nou.
maternal dose of lead "transf.rrM to th< hnet by .ac kling wllhm four days.
accounting for. Jignificaol ftaction of tho total lead ' ''' K t<d by til< lactauog
motho" (Figu~ 11) (KdJ.. and Doh.tty. 1980),
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Filure 11 Wholt-body "l<nllOn IFID,
Fraction of In;,i. 1 Dost) of leac ,n
lac13tinl ("') and " " n·lacta tinl (V) fem.lo
mICefollo",nl '" load ""m'n' ......""" and
"""'fe' 0( .... <m.1 load '0 ."" kh"i pUp>
(0) Venic.1 ban repr<S<1lt ± I '_e, 8,,,
not oho"" "he. ,m.l lt, 'han ,)rnbol
c;mens,on" (R<p'odoced..." h J><,ml>,iOll
from " ellt r and DolItrty ( 1980) Load .""­
calciumdi<'ributicnoin blood. pla""a ancl
mil. of tllc 1"'''''"-11moo" J lab rll«,
.00d ," , 81- $9)

8 CO:\ 'C LUSIO NS

Poten tial teratoklgical a nd to aic effects of cllemical agenu on tile developi" g
mammal can best be e' " luated within tile eon Ie'" of ,lie "'Iller e"t"",,, 'e
bac\:Jround of obsen-.:d embr yof<tal a nd pennatal "-a"age. and postnatal
d",'elopm<ntal mQrbidi'y _Unfortun ately. al pr-c$ent, our V(T) ' hrrultd knowledee
of genetic and en" i' onmenta l fac'ol1 affecting mammalian de,,,lop ment pre·
c1ude' olher lhan a n empirica l approa ch for e'-aluat ing ad'"r .. e!fcc" of
e"vironm en'al agenu . Some genera l pri ociples of d.,. .. loprnent rdatin !! to

embT)'oklgical gen.... t ion of functional uniu. regenerati' .. capacili .. of de­
termina te and indeterminat e organ .ystetrul. aoo lhe concept of ehangeo in
",",," 'e adapti, ·< capac; t) through oul lhe life c)"1e are proposed .. u.. ful
parameter. for a coneqllual [rame" 'or\: ".-ith which 10enluat< lera t" logicalaoo
lox", effcct' of en"i ronmenta ! ogen.. on II><d.,. e1op,ng mammal. TI><'mpor_
tanee of examining do se-effcc1. dose -,esponse re",lion ,bips in terms of
estabh.hing quantita ti' .. "'lima t.., "f prena tal or I"rinata! dose and . ..alua t,ng
quanlilati,,,ly effects (response ) and aUsuhsequent post"atal stages in terms of
ll<.her.. effects on .. se,, 'e adapli' .. capac;li", of o'llan oy" . "'" i<<mphaolUd.
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Cl I'OlIJ SCOPE

Apprai sal of Reproductive Failure
in Wildlife

J. E Knu-'nO"

I FlELD OBS ER\lAT IO""S

A n~m~r of repo'" indlClll~ lhallhe seal populalions (H~lidlO~""grypus, pUJ<I
ltispida and PIw<:~ "iluliJI~) in the Bahic area has decreased seriously dunng I~

last decad .. (Bergman, 1956; Hook and Johncls. 19n, Sooer~'i. 1975J.Oth~r
oMen'a tions al'o suUest decreaSIngpopulalion size. of som<terres trial ,pecie>,
e,g.. pheasan" (Goran .....n. 1980). SImultaneously t~re has b«n i""reUing
pollulion of our environment, re:sultinllin hillher reoidue1",'Clsof DDT, PCBs.
hea"y meta. andother <on: Contamman" In lhe b'Olic and abiOliccomponent>
of lhe ecosy.tem. Oflen lhe reprodueti"e proc..... of mammals and bird, are
'''''y se",ili' .. to lhese toxICchemICals.Therefore. one possibleexplanation of lbe
decre""nll wildhfc populatIon. could be 'he "'creased i"".lence of reproducli''C
failure caused by some of lhese .ubsla"" .. .

2 FL"'D I:>;GS I"" 1."'D1\"1DUAl.'> FRO.\! DECREASI:>;C
PO PLL" T10 NS

Helle n ~I. (19763), found tbat only 2~_. of the adult female rinll"d seals (PUlO
hispido) In the Bah'o::area are pregnanl compared 10 81)..9if~ in olher area•.
Moreo"er, the non 'prellnanl mdiv.lu.als demo "' t.... higllor concenltallO'" of
DDT and PCB,,""n the pregnant <>neS(Helle rI 01" 19763,b), Aboul4O".. of the
.tudied anImals .bo,, ' unila.... l Or bIlateral occll1$iOlUof tlte uterine homo,
P""'Cnl inll any pIlSSall"~lween the O,idUCland the body of lbe uterus (llelle rI

aJ.. 1976bJ.Anlmal$ with the><pathological change> show ",'Cn higllor 1e''Clsof
DDT and PCBs lhan the non-pregnant femalcs ,,'ilh normal a'en (Helle" 01..
1976b). Thc",fo"', it is templing 10 a.. urne the high CODCCnlrat,o", of PCBs
and or DDT inlerfere wllh fertlliulion, ;mplantalion of o"a, fetal gro"'h and or
lhe main .. nonce of pregnaocy.

Because of sorne phYSlOlop:alal"(\ ecological 'imilarilies to tlte seals (a fish_
eatlns;pel:leswnhdelayed implanalion), rhe mink (Mll.!ltlo .i!lm) has b«n used
as anlRUll 'model' ,n order '0 ,.. nfy Or falSIfythe above hypothesis e.[>Crimen-

'"
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lally PC Bs(a m'-'lu", of Clopben A 50"nd Clophcn A 00. prepared in order 10
obtain a PCB m,xture s' milar to lhal ~xlracted from Baltic herrin~) and or
DDT DD E (l l) " as lP" ~n ''ia th. food daily for 666da Y5.includ ing the mauna
""awn and the gestation period, The doses 'arie<,lfrom 0-02 to 33m ! kg food
eorr esponlhnalo 6-9900 I'a day p<:rind,nduaL

Th~ ", produetio n of the m,nI: was nQl mflUCnl:cdby D DT. ne n at the higlle:st
doses u""". in Spll' of ine",a ""d Ii," r "' tigh ,s (T t2";), ;ndiclltini a $timulation
oflhe acl",',ly of the Ii'~r (1"" ",," et al.. 1977), On tM o,h~r Mnd . 'M" waS a
close dosc-rC'Sponserd a llo nsh;p bet",,,,,n 110:PCB residues in tlo: Ii" .... of the
mothers "nd the number of " ht lps bom. A' a ""a n PCB ~>due of 48mg ki
body f.t , cor", spoodina to a do"" of 3301'8 day p<:riodi' id ual ( 1.1m8 kg food).
lhe numbef of "helps signll>cantl) &cr ea>ed. and at 280mg PCB kg fat
(correspondina 10 11mg kll food), no "helps" e", bom The f~rtjlizalion rate
and the durat ion of the aesta,io n """, nOl mflu. n« d by PCB" PO>I·mOrlem
~.<aminat ,on$ """eal<d normal numhers of implant~tjons . •v.n at lhe higlle:sl
doses of PCB<U""".but alw sbo,,>:<I. high f""lu"""y of dead.nd mattfllle<,l
f~t u<cs (J~""",, et al.. 1977). la t. r II " 11$ d.monSl <al«! lMl 1Imlling lhe
.dm inimat ion of PCB>12700llg do; pocrindi'iduall te>10d""s dUfing the 1"I~r

part of the 8estat"," poeriodalso re,uhod in fC1"1dealh (Kihl,lrom <"I<Jr.,1983)
\ l o= ,..r . con'rols and e:<penrncn ,al an"na" </>o"'ed ,he ... "" eonc.n,rallon<
of pro"" toro"" Ihroughout the p",g llllncy (Kihlstrom et "I., 1983).

II i< gen....a lly bel""'ed 'ha' the !"",rs1St~n, e hemical< in the . n\Jro nmcn ,
,nftu.""" ,he reproduclion \'ia .n if' orC'""" ea'abolic acli'i t;- of Iht 1I,.,r. 'hus
red ueini tht blood Ie,"~" of the .toroid oormo"""", gulatl ng the se~ual proces.ses
O~ importan, conelu,;"n of ,he 'Iu dies ",,';0\\ cd abo"" " IMI ,ru,uplan at,on
,~nno' he 110:~n ,ire explana'io n. Ahem " i,'e e, plana tions may he an accumu·
lation of the to~icants in the fe'u>es or a decr~ased transport of nutrIents or
~'c""jon produC1saerO» tli<:placen,a

3 [XP£RI.\II:: /'ITAL A.'A l YSIS

3.1 Plx ....tal P.,. fusloa

Fetaldea lh afleradm,nlS'l'"~tio n of PCB substances '0 p"'gn ant an,mal< has btt n
observed in ,he mink Oen""n", al.. 1977. 'ochnical PCB' ). lhe ra' (Ot herll.-1978.
2. 2'. 4. ~ • S, SO·ho,achlorob,p henyl). Iht mouse (M~rson and Kitkpatric k. t976.
teChnical PCBs, Torok. 1978. 2. 2'~K:hlore>biphenyl). and the guinea P'i
(BrunSlrom el al.. 1982. uehn ical PCB<j, In order te>.""Iuat . ,he ",prod ""I''''
di<lUrbancescaused by'en' Ironmenta lpo llutants. "., hav~ de'"eloped a tochmqu.
for pocrfu,ionof the fotal p.art of lhe suin~a pig placenta ill sit" (K ihl<'rom and
KihlslrOm. t981), Tills ,ochn"lu, provide< v;able cond itions for ,he placenta a.
d.mons trate<!by an act," . st= lecti," transf.r of alanm. from the mother
and by placl:n' a l im!"",nn.ab,lity '0 'r ypa n blue

U"ng this melhod lilt 'ransferof["q" . L 4. 4', S. S',li<:uchloroblphenyl
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f'om the maternal circulalion to the fetal part of lhe placenla "'a •• hown 10
proceed rapidly when blood or an album in w lut,on waS used a. perfuI ,on
medium (K ihl.trom, 1982). ldenlic.1 concenlra lion. of the chlorobiphe nyl in the
matemal and felal comparlmtn!> are oblaint<l In 20 m,nut"" At lhal time
concentration of the chlorobiphen;1 in the perfusion medium exceed. lhat of
the maternal pla.ma and conlin"", to ri.. throll$houl the perfuSIon
(K,h!;tr':;m. 198h Thi. placental tranlfer of heuchlorob,phen)1 " bigbl)
dependenl on ,he albumin concentration ,n lhe med,um and fa,1s to occur" hen
albumin is e,c1uded (Kihh,rom. 1982). In addilion, there i. an exponenlial
", lalion,h ip be'",een the aceumul,>!ion of PCB. in lhe ""rf u.ion med,um and
ulbumin concentra tion. (Kihl,trom, 1(82), Thi. fa.t penelfalion of he ,,,,,hlore­
biphen;1 through the placen'a mal be one of ,he .. riou' ruuard. to ,he
fetuS<:">.

The ,,"me method ha' been used to >ludy lhe placentallran.f .... of amino acid.
in mOlhe" lreated "i'h en,'ironmtntal 'oxicant' ExperimtnlS ",'ilb p"'llnanl
iu,ne. pill' ll"en l"etb; llead oblonde (u>e<l.. an an"knod agen' in gaSOli""j
indicate a decreased placental Iran>fer of alan ine (Kihktrom and Odenbro.
1(80) , Similar e 'per iment. wilb PCB trea, ed animal' U,inll a non-metabo lizable
amino acid are ;n p,ollre". Tbis me,b<>d may beco"'" a useful '001 For rapid
sc.... n'nl! of potenually feto'oxic ,ubsla""es,

3.2 [mbr , 'olo xie Sllldi.. of emtwJ" nattol het:>,' exI '

Injec l ion of substances in '" embryonated betll ' ew il an inexpenli,. and "mI'l<
method of >lud;inll embl')o,o,"''';. However. a major problem i, to find a
prope r "ehicle for injection of lipoph il", subslances into the eus. In orde' 1o find
an app,opnate "chiel< ... "eral dilferem s.ohom. comainini a Fat~lubk: dye
w~re inJCCtedon day 4 of i""ubatlon and lb~ dist"butroo of the dye S!udiod. On
lhe ba"" of those <Iudies. an emulSIon of kclthin , peanut 011and '" .t~r has been
ebo ..... a' ,II< mo<t suilable ,.biel~, Usini ,bi. ,~hiel~. a labelled lipoph,lic
sUbstanee u-q 2. 2'. 4. S -tetrachlorobiphen;1) "-'" injected on day 4 of
,ncubal,on, Bymeans of autorad,ography tbe ohlorob,phffl)'1 "as dolCCtedin the
em bryos on~ day lat~r , Fi"e and 25. bul n01 l. "'tI Arodor 1248 kg egg injecled
,nto hens" oW <rgn,ftcamly d«teased the" hatohabihly EW injccled with
25 mg Aroelor 1248 kll exhibited anomali", (e1eatly 'isible at candhng on day 7)
localiud m area. around lhe >esse!>of lhe yolk· ... (Bruru;lrQrn and Orherg.
1(82), No l....atogenic effect. ba'e been obs........d tho< fa,

Prehm"'ary experimenl< U<inllthe ",me lcchn"luedomon<lral< lha' 2. 2'. 4. 5 _
te,raehlorob,phenyl is. in lhis lest. at Ieasl 100 lime< more 10xic than J. 3'. 4 , 4 •
tetr.chlorob iphenyl (Brunstrom and Orherl!. 1982), "'hile toxaphene. and
chlori nated paraffin. «em to domonSlrate 1o,,"ombr}'01o,ic;ly (Bru nstrom and
O,ber g. 1981), Therefore. lhis method may be a usefoltool for an in.. pensi,~

and rapid screemng of jlOlentiaUI embt} Oloxie contaminant',
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Tile PCB SIOr) (Jensen. 1( 72) and similar lox", e!>emiocal ~"'a\<'S mlo l!>e
en.ironmeDl poim oul llle """ ... iW of a' .... ing th. pot"" l la l ,mpaet of new
ebemiocals befo~ tile}' b«o me ",id esp read in the en.·ironmem . The reproducI;' "
functioning of ",'iJd~fe is "ery ..",sili,.., 10 man) pesliocides.e .lI-. PCBs : DDT and
orp nie me rcu ria ls. Conseque mly. t llere may be a reducli on of lh e re ....odueli.'.
ra l. long be fo re more easily de lecled effects become manif est. Therefort . lh ere i,
a need for ra pid and ine~pensi\'C melhod. for e"al u ling Ille reproduet i,'e
hmrd' of Ih. incre ",i og nu m ber of polenlially to xiocche micals . Tbe twO
lechn iques. placental perfusioo and lhe modified embr; '01oxie sludies of
tmb ryooa led hens" e", described abo",. fu lfil l!lese demand. and rna) lhu,
become useful 1001< for a rap id and inex ... n.i". a pprai .. 1 of pol""llal
repr oduc live rallures ,n " ,ldhfe .
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Methods fo r Assessmelll of the Effe cts of
PoI/UIQ1US Oil A vian Repr oduct ion

Te>1l of Iho eeecu of dlcm iocabon a\ ian ,ep'o<!\lClion can be di>idcd mlO 1"0
broad caloao'ies: SCfl'cnlng le' I' to pro>'ide an inmal a.,.., menl of lhe chenuc~1.
and d.finll" ·O>lud'e> 10 asses, lhe aOl".,1 ha~.rd in a sp<'Cificca..

I SCREE:\l'C TESTS

1.1 R.... D, " •• hblrs,...w.

Fou crce oln, lbI SIIII neccssaf) to .or L . 'Ih spo; n lhal a", ", ,,,h i) ",,,,labli:10

1a"F Ill1tllbcn AOdn"' ....U}. lbeTr Ii .... n ' III" .. ... . r.... ""'1kll>dJcd opcaes'"
order 10 fa..lhul o CC>IIIpansonbn • .-m cllm"",,!> A, hsI 0( l ho<oe <p«>CS "nb
"" .... of Iht" basoc. baJaCltrliUO:O.. "'ell III Tablt I

Tho lir$' four iopOOlO an: indct<:rm>niLOIo)<D and !la,,,,~~... Th.,
mables Ia. .. n" mbcn of eus 10 be coll<c ted fl'Ofll031011fOlDl le (30- 40 . ou ld be
I)l'ica l fo r tbe ... Ilord. for ..a mp le l "" tha l egs ClIObe uoed for .esoduc:aM l).....
d~.. lfIlIIat"'o r:rfClPbe U thick~. nUln tlOflllI stlld ... . ~<:. .• , tbOtH senous

Minimum aCt
<Abr. ,. ,1I0' Tl'P",. 1ca.. l iz,

Name ' (mo nlbo) <m< Protoco lJ

M. llard ro I ~ I " ASTM' (IEee
_ hile:Q""il , <., ASTMO£CD
h pa...... q•• ,l , O.S. 0.3. " .1
Rml",,·d<d phd l,'" '" ".0 '. 0.1Rm,elm.. • 0.'.0 •• 0.2 0=
. - _ ... _ . App<aoIu..
• .......,., 500"') foe T _

•• 0.- __ """, __ -.01 . __ ...... _

'"
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dis.urhantt ofl"" 'Iud) Pm:otul youni are """nl ...1if artd'ic>all"""'ha"on IS10

beused.othmm e 11~ uttuallyIll'lpllWbll!to raise 1Mloun,
T "" rinl do'~ IS a deI.....m"'.~ la}~, (clu.cb siu of 2) and ."" }OIInl are

dependC1l10" .be INren'-. crop occm"",s u""I."".~ of 14 cIol'S,....('mbeleu.
'M) ""''' be brN ",.chl) In lo/lllIU c.,.. .broughoo , .be }O' and are I"" cas,"",
SJlCC1"S(or •.,.Il1l,If 1IIS~<d '0make .hr >Iud) "n Ul pamllal,,,,,,,,beuoa .nd
care of you.~

TIlere is io.erat to 1O......... 1Io... JhanDOOizau.. ofltllInJ ","o<oco •• nd In ,be
fae< lha. lho spcaos lhould be repraental;"e of IIIe fauna of .he lftdl'>dual
CODD'f}. 00 .1se5eCOOISIdttaUO(lf lho .....1hn:I" lbe dear dll*", I. IS • common
brodIJ> l SJlCC1"SIn. bfC*l hell KTOM""'h America. Europe . nd As .. E,Cfl
011...& IhlI area rtplaccmtlll spcaos weh I< ,be Ausuaha " bIaci<dud' (0II1d be
..sod "'li b mISOOIbk «lntdm«. T!Ie bob1'lhn. qlllJ.l • confined to ....om
America. lbe J. pa_ quaIl 10 Cftlltal Europe and A..... nd ,"" nDl-nec led
phc:uao l Illd nn. dO\~.re 1a... 1~ domes.ica.ed speries " lIh railler obscure
na'" ral ori.lJ.....The pouibIb.) of In.erchani'-"i ..... 'fICC""Sof ql1l.l1for an",hr,
IS"," c",,$ldcrfld ..altd ( HC>l\l~' aI.• 1979~

There IS' .... ]Of ll"IO'o'ml('" w.... rds in.erna.ional harmo n..... lOn of •.,.un,
prolOCOk $(I tha. ",fo""'uon prodaero In one COUnl1l' ISaa:epled In o.hr,
WlIntries. T"" ..ldel.. a.te1Ilpl 'o obt.", in.ernalional harmonLtll'lOn has b«n by
lhe Orp ruzallOn for EcOOOll1lC."" CooI~n.i,~ [)e'd opmen . (OECD~ The
a gJ«lDCnt ,,'ilh;n ."" OECD IIIaI • specific on of inf""""lIO n. lhe minImum
p........ rlel da.a (MPO}, slla ll be prodaero for ."or y n"'" cheD'IICI1and .ha.the
""l 'lha 'lllcw da ta are ~ncr' l ed shall co nform 10 an agrttd iood labo"lor~

praclice i. a maJOrSI. p IIIlhl! d"~IIOn , SImIlar. bUIralh .r more rli ld guldeli".,
arc u.. d by lhe Europe an Economic Commun ily. An MPD ror birds .. not
prc<crib<dbut "Vlan .o~coloiY is P<'rtof the OECD Sl.p sys.em approach rc rte
.. <tlng of chemica ls. An interna.ional a pproach 101M safoty or enVlton"", n.al
chemicals i. ..... ntl..l Slnc. no $Ini le cou n.,)' could ..fford 10 i .n ........ I,,"
n~...... ry d" 'a . e'co MPD. let lion. further 1.. lini-

1.2 s,ecios\ .rl.,1000I.R~ 10 To~k CIIoemicab

The problem of sp.. •....... n ..uOll• one .hal ha. br<Jco,'ilJ.d~otoucoiOll f,om IU
inceplio". E, C1la!l('$.\.ppr ...."" ..llOnor completc «>Ilnl. ob"ousIllmpos1ll.bIc
"' bC1l(lOX conS>dcn lha. lho total number or 'J'C'cico:on lbe .. ",Id bas bcC1l
estllIW ed at .boul thm: million. The lotal "umber of clasxs ISlDOKthall SO.nd
til1lc:con iiden.uOllbas"" far bcC1l.".... '0 web ",'elJ..k""", ... cloYcsas AlllP boboa
or Rcptib.a. 1n ..1oQc mon:obtcu re ones web as Holotllllroodc:aand Sqpboroa.
TItus."'bok lho problem of I"" 'anabk ~ of iooiVld",,1'f'"C'telI"'''hma
dosII is • •''''0''''0"".'I'bould be l epc ... pcnpcrti,~ "',Ih the ocher dofficWuQof
<COtlln'OloIY.

A ~I .,..mple of speoeo,~riau.. ill res"",*, 10 an tsl' 1f0lUnm1l1



COOlaminanl i$ DDE·inducnl <ggSh<lIlh,nning_ EWhell 'hinning was a major
caus.e of 'he decline of "'''''ral specie> of rap''''''. mo" oolably the peregrine
fak:on. oVer wide Slretches of it$ range in Euro pe and North America (Hichy .
1969: Newton. 1979)_hperimemal sludies re"cak:d tha, there 1$ a wide ,'anaHon
of response of indi"idual species : reahll (l97~) d"ided speo:ies inlO Ihree
ca tegories : highly sen,itive, moderately .. n, itive and in.. n.itive . A•• pecilk
""am pies, 10 p.p_m, in Ihe dielf of the American .esuel causes 22"/. thinning,
4Op.p.m. causes I r~~ in the mallard and .lOOp.p,m. does nol affecllhe .hell
thic. ..... of the clricken egi- The re!iistance of the Galliformes to eggihell
thinnini ha ' gi"en this order the repulalion of beini a tough i'oup of .peci ..
when the tesliniofchemicals is con$ide red. Th. i. nol true in all ....... : 2Op.p.m.
of Arodor 12>t (a polychlorillated bipheny l w'ith >t \ chlorine ) causes alrnosl
complete reproouclive failure in the chicken (L~lie nal,. 1974). whereas
2~ p.p,m, hu no effecl on lhe mallard (Custer and Heinz. 1980).

Another example of variation of species response is ,he eff""t of ini<'S1edcrude
oil on .. abird>. When ""'tlini herrinll gull> w'ere gi'-en a .inile .mall dose of
ctude oillhey 'howed a mar ked reducrion in the rate of weigln pin (Miller tt II/..
1978). ,,-hereas dosinll the nestmg adull had no discernib le elfecl on reproduclion
(Butler. unpublished), In COntra... Leach'. petrel clrick' were not affected by an
equivalent dosage of ctude oil, w'hereas when adu llS " 'ere dosed. lheir chich
failed to pin "-eight oormaUy a nd ,ul'\-wal of ch"'k, "'" .. , 'erely affected (Mill..
• , III.. 1980)_ Mallard ducklings requIred. dietary Ie,.l of S\ Soulh Louisiana
crude oil in theirdiel (2Y~~did oot produce .. ali5lically.ignificanl differences )lo
relard the rate of i'owlh (Szaro tt al " 19711).whereas onl y . ,ingle dose of 0.2 ml
w"s n«<led to inhibit gr<!"'th in the herrinlliull .

Ideall y. the en,,,,a fo' 'estlng should be:

(I) 'h at the tests .hould be carried aul on lhe I.'ll"' .pecie, ;
(2) that Ihe condition. of the lest snnula' e Ihose 'h a' occur in nature :
(l) Ihat Ihe collec1ion of Ihe dal. does nol affect the Ie" it .. lf.

In pract ice. all of 1he5Ccriteria cannOi be fully mel.

I. J Inj"' l ioo or To~ IcanlS InlO EU '

The rael thaI the a, -ianemb !)'Odeve lops externally 10 ," pa ren, makes lhe stud}'
of th,scla .. oforg.ni sms mtl<:heasier than iSlhe r:asewl\h mammals, Use of lhe
techniqu e of inje<:tinll~hem ocals inlOew 10ob:ser,.. thelt off... t dates hack 10the
end of the La"cenlUry (Fiori. 1893),The te<:hniquoof inje<:llngchemicals inlOtbe
yolk-sac of eggs for mullne tOXICologicalas.... ment ha' been described by
McLaughlin el III. ( 1963). Dunachit and. Fletcher (1969) lested the toxicity of 2S

t O><t&ty Indo . ;" 1"'''' Jl<f "11ioo.,.r< .... u)' .....- """,ly O' • ~~I_ basi>.Wi lli
"'"-<>.qua'i """dock>. ,..... .-.liany.",. dry ""ilh! bas •. .,b=aa "'tb &$h ........ it .. .", • "'"
.. ,..., -. roo_, • rer._ '" Ih< ori";oal ,d.""""for...............
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inseclicides to chicken embl)'os and. all hough lhl:ir .... ults art difficult II>
interpret. the general trends (tbe c'!t'looienes bemg the l1105tIOxic of the
organochlonnes, the orga nophosphates bemg mort toxic lhan III<:organo­
chlorines) a", in agreement wilh lho: r<sult~ oblained fTOmolher m'lhods of
aSS<:$Slng lhe eff"".. of chemICals on ",prodllCtion. Since lhe eill injeclion
l""hnique is ;""xpen,,,'. and simple. a rlgorou ..... minalion of Its "alue ,n
predicling tho:e/r""uof chemicals on a"ian reproouCiion ""ould be ""Orlh....h,le.

2 DEFI",I Tln : STUDIES

2.1 BrH'dinll Targrl ~je.s in Capli.;t ,'

0 "" approach 10 tho:probltm of u~lng larget spc<ies has b«n 10 b.-cW mOrt
.pc<ies incapli'·ilY. The US Fish and Wildlif<Servicehas been particular ly aCli.·<
in lhis ",gard. The cur",nl ",ate-of-lhe-arl in this challenging and llln._
consuming aspc<t of a"ian tesling i' gi•• n in Tabk 2.

Tkse: brtt< h ng programmes ha.,. increa~ out capac ity 10 ca rl)' OUI
. "pe nmen" on raptorial spc<ies .. hich are al lhe lOP of food-w.bs . The
requirtments for lhese species art gi>.n in more detail below.

The American kCSl", 1ha~ been used for a number of ~ludies of the eff""ts of
pollutants OIIreprodllClionofbird. ofprey, Au member of the genu, Falco II '"
closely relaled to the per<:grine. a species "'hicb ha. come 10 be a ,ymbol for
cOll5eryal ioni.lS. Willoughby and Code (1964) demons lrated lhal the American
keslrel could be bred fairly readily in capli"ily and made Obse""2lions on its
breeding biology. The Spc<II'Shas been bred sou:essfully ,n large numbers al
Patu" enl Wildlife Re...arch C. nter and tht" prolocol has b«n d<s<:ribc<lby
Porter and Wiem<ytr (1970).

Kestrel' rO<Juire aood sanitary condi,io n, and hea lth care '0breed ....ell in
cap'ivity . G i"en this, i' i~ . good model for raplorial bird•. The keslr<:l br..,d, in
its firSlyear. has a large clu'ch size (.....5 e8il~) . i. sexually dimorphic and "'illeal
an) anImal malerial.

Scr=h 0 .. 1.and bam o"'ls haw b«n maintained in outside ""iremesh cages
(7 x 16 x 1 m) "'lh a nCStbox and a thr..,·sided sheller.0 ..-1.ha'"t b«n fed a diet
of around ham" ....' , mice. ralS and chIcken. ....ilh ";lam", and calcium
~upplements.

Cerlalnl)lbe use of keslrels for les" ng DDT \lould have ...,.aled lbe potem",1
fore ggShtlllhin ning tha t was lbe majorcau ... of'be declineof'be per<:gnne.But.
desp'te lhl:dedica'ed work of rescarcherJ. ,be number of speciestha' i' is feasible
to brttd In capli"it) · in sufficiem nUmbeB at reasonable """ and .. ilh ,ufficient
reliabilily 10 be used for loxicoloPca l experimems is .mall ,Til<:effort 'ha' would
be In>'ol>'ed in breedlnll a pelagic ..,ab ird for toxicologocal purpo ... " ould be
enormous , Th"'" i' a funbe r poin llO be con~;dered . Some eff"",~ on beha"iour
(~uc h as decrtased nest altem iveness Ieadinll to increased predal ion. Fox'" a/..
19"1ll)and on physiolog}' ( i nc n:a~ me'abolic rate leading 10 an Inabilit) 10
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obta in enough food. MIller ~I al.. 1980) "'ou ld !IOIbe di""" "'red e"en if 'he ,a,ll<"
speciesorsomenearcrmgener \\1lSa\'ailable in capllm y.

2,2 Mul1ice... rali"" Sludies

Ano'ber fealure of environmen.al contamIn ants lhal l.'l rarely in' "e"iga' ed i'
whe1heror no' ,h .. r effecls are inlen, ified in su~urn l ceneratlOllS, In 'he case of
highly stable COOlamin anlS SU<h as lhe organoc:hlon nes. PCBs and DDT. a nd
11>1:hea"y m.... Is. muhigeneration exposu re ca n be , xp«1 ed to OCCUr.

Peakall ~l al. ( 1972) found 'hal ,...h,le 11>1:firsl generalion of ring do" es wa s
una ffected by 10p.p.m. of lhe PCBAroc:lor 12S4. the littOnd generalion halched
only 20"1.of ellP laid compared II>91·1"of lhe controls and lhe f\ediilli ,ucc= of
lhe few eJ&' laid ",IS50\ compared to 1 00'·~ in the eontrols,

Carnio and McQu«n (1973) expostd Japan .... quail 10 a diel con.aining
15p .p.m. of D DT for lh, ee g"" eralion•. They fou nd a ma, ked decline in
perotntage of fertile eggs ' 79.... fenile in lhe firsl generalion. 3r. in the ,"",o nd
and 20"~ ,n lhe .hlrd A 'i3!'ificanl percenlage of ew " 'i'hou' JI.. lI 0' with only a
parchmen t·like shell were noled in ,he ,"",ond and lhird general ,on (11.4' . a nd
23.3' , respecti,,,,ly). ,,'herea. none was recorded in lhe firsl goneralion or in the
comrols . Shellenberger (1918). using lhe SlIme species a, .. dielary lc>-.,I of
50 p,p .m.p. p' ·DDT . "' a. unable 10'00'" any marked effeet in a four 'generat ion
. tudy , The l'eason for the differetlC"ebel" '«n thi' 'tu dy' and that ofCamio and
McQueen i. u!lkno" ·n.

Dahlgl'en alld l inder ( 1974) pV"ephea .. nts dieldrin ""eClrJy(4 or 6 mg) for
t"" generation. a nd cross-bred exposed and unexposed males and females. Egg
produ clion . fenilily. halchab ility and viabobly of chick' wa, erratic amonillhe
groups (including conlro ls) arod 00 clearcut relat ionShip 'n dosage could be
eslablished .

The most delailed mulligencralion Jlud) lha l hal been urodenaken was tha' of
exposing tbe Mallard 10 0.5 p,p,m, methylmercury d icyandiamide for three
genera'ions (Heinz. 1979), Melhylmercur; al this dose 1e",,1had no significant
effects on ",product Ion during ,he lirs' gw .... 'ion. In each $t>OCeSSi".. gonerallon
hen' fed lhe mtn:ur ycompound laid al\lCater perCetllagoofU'"'' ew oUl$ldc,he
lIC"ing box. all hough lhi' was ' lal;'lica 1ly significanl only for tl>e =ond
generllion a rodfor a ll generaliom combined . The number of sound eggs "'a s
si3!'ificanlly reduced b}' tbe meR:ury compound in lhe lhird general ion and for
lhe experiment as a wbole.

2.3 Ell'",,", of Pollut. ..'"' .... Reprocluethe Btl..,,; oo.

The hypolhesi< thaI pollulants could ha, .. an effect on beha, 'iour stich lhal
",p roducti".e ,uccess is reduced ha' exiSted for a long lime. Ratcliffe ( 1958)
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alluded to lhe P'O"ibility in a not. in a local orn ilhologlCal journal ...hen
ref."ing 10 brok.n pe,.grin. 'us, he ,lal.d ' 'Ha\'ng considered Ih•• "id.nc.
and the alt."""i, ... xplanallons. it is difficult to a"old Ih. conclu'ion lhal Ih.
majont} of th ... brok.n .ggs were .al.n by on. Or lhe OIh., of lh. own.....
Should thi' be th.correclexplanation. the reaSOnfor this panicular behaVIOuris
e, 'en more obseur'.

Stichl (197S) in his .xcellenl ~,-jew of the effecls of pollutants in lerreslnal
ecosySlems comments: 'In i"ocral. behavioural chanl!"" in birds and mammals
are exctodmilly difficult to pro' .. in the fi.1d for multiple facton a~ presenl.
illdi"idual ,'anability is high. alld allemlli"e e<planallOns seldom ca.n be ruled
out" alld. 'too much beha'ioural ".-ork is don. with Ielhal or nearly Ielhal
dosages, lhe readOToft.n f... l, Ihat he i. simply learning how' sick animal' act".
Bolh lhoesecomments a~ born. in milld in lhe selection of p;lpen for discuw.on

"=Tbe moSt deta iled Iaboralory Stud," ha, .. been mad. b)' Heinz alld co·wor k...
on lhe mallard and by a number of wor kers. indu,hng lhe author of lhis revicw.
on lit< nng do"' . The won. on 'hoemallard ISsummarized in Table 3.

The beha"iour of lhe rinl do"c has bt<:n.. udic<l In ~l deulIl by Lehnna n
alld CQ.w'ork... (for summaries see Lehrman. 1%4. and Sil' '' r . 1978) which
fomt. a lood basis ap inS! w'hich '0m.asure lhe chaO#S caused bypoliutanlS.
Thoe.ffeclS of lhe {""oorpnochlorines studied. ODE and PCB••are similar and
the ""ul" ar. consist.n' from study to study (Tabl. 4 ).

An imponant ques'ion is how w.Ulhoese .tudies r.late 10 lit< real world. The
chanlCS in lhe di.tribution p;llt.m of ,he .u temperatures obser>-.d when rinl
do' ... w.... xposed to rCB, (Peakall alld P.a kalt. 1973) are quite similar 'o'hose
obser>-.d in herring gulls in ,he ",'ildin an a~a of high contamina'ion (Fo . eI al,.
1978). Increased lime 10 lay "'·u a1<oDOled ",'ben rinll do, ....... re exposed 10
orpnochlorine:s. a finding also noted by Jeff.ries (1%1) in his study on the .ffect
of DDT on Bengalese finches. J.ff.ries consid.red il probable lhal organo­
chlorine pesticides _~ responsible for lbe lat. breed,ng of .. ,'=1speeles of

Table 3 Eff<CIof 10", le>-.Isof I'Ollulo",s on lhe l>eh.. ioo, of mollOfd dl>Cklinl

1'0/101... ,

Response

AWoach ,espon .. 10
","«mol <011

A","do".,. r.. ponl< ",
fnghl.nm~ .timulu.

LocomOlO< ......,vily

h,ereaS«!

No sig:ni/i.. n, .ffect

DOE ()p,p."",)

,~

NOI .. udied
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bIrds repo rted in (he early (9l;Os, ahhough evide""" is lac ~ing, Herring gulls
forced t" renest as p.art <>ftbe e"-.exchange experirnentloo~ longer \()d" "" in
the highl)' c"mami nated La~e Onrario colonies than tbe) did "n the m""h
cltun. , e" l" nies "n 1I", Atlanlic ~Oll"

J FI[LD [x P[RI~1[:"TS

Annther approach to tbe probltm of targe! speci... and ~ati>1ic c"n diti"ns i' \()
oany Out uperimenlO no frtt -li"ng population •. Ther. a~ a number "F
difficulties w;lh th is apprna~ h. F'rst. the'" is tl\( dlftk uhy "Fgelling tbe tox;';ant
t" the bird. especially if a <hron;'; d.,.. i. to be tested or material is rughly \()x;';.
such as the <hIorodioxins. Second. there is the la<:~ of comrol 0\'" lhe .. periment
(wealh. " predatio n. vandabsm) which "'" d Ifficult to compensate For by
Il..,,,"ued sample size and third. the~ is the problem of the inftuence lhat the
obso"':r has on the ~l"odllClion of ,he birds lhal a rc he,ni <lud iod.

Some field lo .icol ogical experiment> thaI have been carried OUtare bsted in
Table 5. ThI' ~S1mg " confined to studi.,. "..h.... xperlmental manipulatIon
"'" carried out and tbus • •elud .. the numerous 51udies in ,,'hich pollutant
residue Ie\-elsare correla led with reproducli~ . /fcc". A good review or those
studies on birds of prey has been ii".n by Ne" .,on (1979),

Field experiments enable thi:ob>e" 'er to a..... the impact of tbe pollutant on
such critICal nesting beha'iour as nest d.fence and all.nt i\-en... . Oneofthi: most
d.la il«! Studies was made "'ith ,hi: I\(n ing gull ooloni<-son the Grea l La~.. b)'
thi: Canadian WildliFe Se"ice , In the ear ly and mid-1970s the o'-erall ~P">­

ducI". Su="5S of this species on Lak. Onla rio "'liS "'1)'low. Visuall)'. 'hi:se
colonoes were quite ditTerent form normal. WIth the adults lea\'lng while tl\(
observer is s<:\-eralhundred metre! . " 'lI ) ' ~nd only a fe.... heehng "verhead.

[ xperlmentSwerecarried OUtUSing lelem.tcr«! C8ges which pro \'idc<Ja r<c",d
"f the c"", and sulface remperatu,. and In,. nSIlyof light falling on a reee,,',r in
,be apex of the .gll (Fox ~I "I.. 1978), It "'" found that the .... t all.nti,'.n ... "'as
lower In th. Lak. Onta rio colonies compared to .ue=sful colonies in N....
Brunswick and tha t thi: unw«:.ssful n.SIS w. re cha r4cteriz«l b}' groater
temperature \'ariation and much Joni" absences of adulu From the nest. The
hIgh rate er-ssIOS$, together ..;th decreased nest def."". and ncst a tlenti". n....
ind ic~ les that beha \'iour41.hanges w.re invol"ed

Embryonic moml it} could be .aused by to~;';ant> within the egg or b)
inadequate <arc, or hy a comblDation <>flhese tWOraclOTS.In ord.r '0 s<:parate
the.. two factors. the imrimic and .x trins ;';. an .gg -.exchangeexperiment "'a,
d", 'ised, In theory this is a ,imple expo"ment The'" a" ''''0colonies. one 'clean'
and one 'din y' , [ lIi' are mo\'ed from the cltan 'olon) ' and plllced in the din}'
colon; and ,'ice .. rsa, There are rour set, or condItIons: ~It~n adults incubating
clean .ggs. clean adults incubating dirt) elii' , diny adults incuba ting clean .ggs
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Tobk: 6 Resul" from ,he 1968M os",e~ a"d '97S haNi", lull eSI <xoha"1"
etpmme nlS

Adul' '" lnf<>nTlOti,," """,,00<1

""" Cloan N""""I r<prodaclioo

",," D,ny In'n" .. , f""ton ""Iy
Du'y Cu. h'n,..i<: [acton onl) '
Din)' Din y Bolh i,,'rinioc 000

."nf'lii< f",,'on
..." ,fi<a"" " ItlCuba"""

Cu. Normo' ",prodac,ion
D,ny In" nn ,ocf""ton only'

o.p ",y' Hemn llUll "

" \ hal<h_ " ' . halCh-
~ ~

" • " ~

~ ia " rc

" " "
,

" u ~ ,
,~ eo
se n

• SU....... .....t f.- wO<!nt)'" " 1>1, (I9J~)

.. ""' k.n" .1. (19100.)

and d iny adults incubat"'s diny eggs, Tho expcrim<n",1 design and oxpect<d
r<'Sullant Informa'icn " .110".. In Table 6

In practice all ""'" of complic ations occuc ,T~ a"' . "b"lou.ll. lho effoxts of
'cansperlal ion on the "iabilily of the eggs. Thu., it is n=f\ 10 transpon
conlrole ggsand ""'urn lhem 10thecolon} ' f rom '" hich thoy "'''''' ",,,,,,, 'ed "" lhat
thoy corrnpond to the eggs that "'"re mo,-ed from colony 10 colonl AI<o.
n«ling occur< al dilfe",nl tl""" in d,ff<n;nt a",a '.

Expcrimcnts i""oh' inll egg e>chanl!'< ha, .. l>ocn carried out on lh< O'P"'y
(WOCmcyNel a/.. 1975) and hem "1lIlull (Pcakall rI al,. 19800). An o.-.r>ic,,' of
the re.ults io tabulated in Tablo 6.

The .. pcrimcnlS "'i th lhe ,,"prel eggs olio" IhaL for 'h" .ptt .... tho
l>eha,'ioural compo nenl is not imporl anl 'ince lh< 'clean' eggs haICh equally ",-.11
under 'clean' or 'di rt y' adults. In lh< case ofth<c h<crring gull , both "'''in si<:and
eXlnnsic factors a", "'-ork ina- AHemplS we,.., made to rrnmk ,tw:in"IOsi<:factor
by injeclion of contaminant' extraeted from Lake Onlan o herring gull egll' i"lo
'c lean' eggs on lhe All anti<:seaboard, Despile lh<cfact thaI the embf\on", uplakc
of pollutanlS " 'as similar 10 lha' <x<;umnll,n natu rally cOOlaminaled eggs, no
mc rease of emb ryonic Or chi<:k morta li'l ",a. obser>'ed (Gilman . , al.• 1978). II is
J'O$'ible ,ha,t!>o cn,i<:al pollu, an' ",-asno' in-"""ed or that lhe pollutan'" need 10
be inge<lc<Ibefore ,he egg is laId i" order lO",en th<cir ,o xi<:effect T he injeclinn
teChnique only '"'Slhe 'oxic <ffoxtsof lhe male na l contained ,, 'ilhin the ~gg on
lhe dc, .. lopin ll emb r)'o. Effects on geneti<:malerial a nd on lhe formauo n of' tw:
ellil itself wou ld be missed by this approach . \larled e!feelSt hat ha,-.l>ocn found
in th<csecond generation of mUllil!'<neralion Mud... of bird, c<posed '0 PC Bs
(P<akal1"al .. 1972)a nd DDE (Carnin and l>kQueen . 1973) indicate lhal these
effeet' can he imponanl.
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There a", con'id ......ble difficullie:!in dosing adult bIrd' in lhe "ild 10simulal .
em 'iron menta l poliUlion. Dntt l dosing of lhe adu ll aftor oaplure ""n be car ri«l
oul for some .pee;" such as leaeh's pelrel whieh is readi lycaplured m it ' burro"
and dQ<'Sno, d...,rt ,IS......' bUlfor many ,pee,,," 'hIs proc«!urecannni he carri«l
oul ",Ihoul eltCt'Ssi"edi. lurbance 10 lhe breeding cyclo

Ende"",n a nd Ilerger (1970) exposed "" \Ing prairie fakons 10 d ieldrin by
lethering con'am inal«! . tarli ng, nea, to 'hei, nesling .i\<l . The dieldrin 1e,-.1s
achie"ed "-.re mea.ured in ,,,bea lan.,,U' fal (Iahn b) biops y from lhecaplured
adu ll)a nd b) colleclioo of one eli' from .. ch d utch. The re.ults of lh,. ' ludy are
d ifficull 10 im.rpret because of Ibe high 1e, .. I, of DD E also found in these bird•.
an ..... 101'10of the difficullies . nccum.red ,,'ilh field stud ies, The lech nique of
End. "", n and Ilerg.r is ~miled 10bird' hing on Ii" . prey or to carri on ea' eB. It
cculd ro l be readil)' used on bird' fe«ling on fi'h. >«><I.or insect' , A leehnique
eapabi e of muoh wider app lieall on h'" bttn de vised by Osborn and lIarri.
(19 i9) . These workers implanted PCB; cc ntained in an open pol)-d\me,hyl.
silo,ane lube below lhe skin of puffin, . Tile birds were mist·""ll«l. lhe
implantalion carried oul u,ing a local anaes lhelic (<l h )1 chloride) . lhe incision
closed "il h one or lwo , ulures . and tile b ird' held in caplivit)' for 1>- 10 hours
before reloa.. , Obs", \,alio"" on ,heeolon~ indica,ed 'ha 'lhe procedu re caus.ed
no more stres. Ihan is in\'o l"«1 in ringing lhe bird, . II i' Iik.ly thaI thi' approach
,,'ill play an impona nt ro le in fUlUrefiold sludies. NO\,.nheless.t he probl. "" of
simulaling chronic. na lural exposure and provi ng that one has do"" so make fiold
expenmenlat,o n difficult.

The .lfecl of II><biologi' l on Ihe >p<Clesbeint s' udied can he a " nou' one.
"peeial ly in so"'" colonial speeie, . uch a. gull. and open ·nc>"ng pa'ser ine<, In
' tudies under lhe ,un-. illance progra mme on lhe Greal la kes. an a... SSmen,
ba«<l on ,h= "' itSha, bern used (W..., loh eI al.. 1979). The firs' visit is made
lat . in 'ncuba tion lodetermine lhe 100ainumber ofn .. l< . The second "isil i'" hen
moSl )'oon, in the co lony a rc awu' 3 weeks old a nd lhe chicks are marked. and
the Ihird ,i. i, i. made on lhe followin, day and tnlal chid popula tion calculaled
by llle mark recapl ure ind.~, From lhese da ta and lhe number of acli"e n<SU
establi'hed from lhe firsl ' ·ISI1.lhe numher or youn, produced per pair can be
calcula l«l

.. E:XPER I.\IE~TA I. DESIG:"

Sample 'ize is a cril ical fanor in e~perimenlS in"ohinll non-sla ndard ,pee;"
carried out o' ..r a con, iderable period of , im., The numher of indi, idual.
a"ailable i' llCllerally ~""led and ,lie CO$' per iridi"idual of running lhe
. xperiment i' cons iderable . The sample.ize need«l is related 10 lhe dosage 10,-.1
used If a high dosage 10\-.1i. us.ed. 'hen lhe samplo si2e can he <mall. bul lhe
result, . "en lhou gh "a u't icall}' significa nt. may ha ,.. ~ll lc rc lo\"a n~e 1o
cn,ir onmClllal ~ond,t,ons. One solu1lon i. 10ha", ". 0 or more dosa ge Ie,-.I., This
has considerable scienlific meril a, . /fecls lh. t can be relaled 1o d.... are much
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mo~ c<ln"u", ing. bUIagain lhi' approach increases lho numbe' of anlR\als lhal
must be used. The 'on, comprom iK maybe a Ihree.grlJup experimenl : conlrot
en,'ironmenLaUy rele"am le',,1 and a dO"'lle le',,1 K'"",I-fold big""r lhan Ihe
e,,,, ,,onme nlal 10,,,1

Fo ' so_ \'ariablts. tndi"' duals can K,, 'e a, Iheir 0"11contrlJ!s. X>mt oflhe
\'analion of reproducli'..,.""""" can be r.'I'''' 'od by u. lIlgexptn~ brttde" .
bUItbi. in\'ol\'.. 'ho CO$Iof ta. ing all tho b"'ls lhrough an entin: brttd ing C)-de
befon: "anin g the main e. periment For some pbysiological charac t<mlics . uclt
as blood chc:mtS, ry. " ISfeaoiblo 10 usc indi"lduals as their 0"11 COIlltol•. For
olh ... .. uch a, hepal ic en>yme induct,,)n, Ii i. 001 possible 10 mke lhe
mea,un:ment wilhoUl k ~ hng tho bird. Or at lea&lperformin8 a major .urgery ,

The samp le .ize ncedod i5also ,<:la lod '0 tbe ,)'pt of mu.uremenl helng made .
Some ph ysiologica l facto". 'uc h as .. ""Is of plalma elr;clrolyt... Ihould .how
bule indiVIdual \'a'''lion. whorea. Olhe" . •uch al hcpaho enzyme Ie''el. a~
hIghly ,,"noble. lnle.linallran, port of amino acid' and sug.." in gulls ' bow' a
iooddoal of ,.. rial.,n from run 10run. lho nutriliona l hislory oflho bird may
" ell be impo rta nt he,e, In con'ra'l. lbe effIXlI on oslllo~gulaljon. eilher via
plalma sodium Ie,..,l.0' Na - K • ATP"", acli,'i t)' in lhe nasal gland. a~ "'btively
ea.y 10 demonsl rate a. lhe con trol ,.. lues .re highly COnsIstent.

Fick! oxpe,imenlSa~ bable 10addilional hazard s, allhough experience ' .. ries
greatly f'om spec... 10.pecies. The reproducli' ... t>CCeSS of gulls is lIuite ,.. riable
and bol h experimentals a nd <OnlroB .hould "" in lhe same . ubcolonl". Olher
.peeies , .uch allho burro'" ·nesting petrel! and hok -neslinllpa,~rtnes, ha,.., hIgh
and rea"""' b ly consiStent breeding ,='"

3 l:"TEGRATED UBO RATOR" FlE LD STL DIf.S

A careful eumtnalion of .pecific en"ironmental problem. requires a com ­
binal ;on of detailed bbo"' tofY"'or. " 'ith lho e>;tension of lhis informalion inlo
lho field. lnitiall). Sludiescan"" carried oul und.. Olricllyconlrolled condilions
in lbe labora lO' } and lhen lhe result. applied in lhe field to eonfirm lhal
lbe resulll an: """,;olenl and. more lmportanlly . to a..... llleir prac'ic~1

importance, OlhofWiIe one can go no fUrlher Ihan lho pious .la tcmenl so often
made allhe end of a paper. 'Iheseelfeet.can "" expecled 10reduce ,u" " "I of lho
.peeies·. bu' lhe lIueslion i5 ' doe> ;1really ha"e .n elfee"? A. an e""mple of lho
inlegrated approach . inilla l <ludie>on ingested oil ,,'ere e~rried OUIon nes'ling
horring llulb in capli"il} (Miller n al" 1978) '" hichsho""ed lhalllle rale of "'"'IIhI
p in wal slgnifioantl) redu ae<l: abo a num"'" or ph}1iological mea,u",rnenlS
(lransie nl drop in plasma sodium , increased na .. 1gland size. decreased inlestinal
transporl of amino acirb ) we", made , Suhsequcntly. a field expertmcnl was
carried oul (Butler and Luh ilewic2..1979) "h ich demons'raled 'he "'lard'lion
of weighl gain and also decreased .urvival or ' he l"'a ted nesUing•. In lhe field
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'Aperimem Ih. ph ys iological Slud,es w... . I.ss detailed a, no indi' idu als were
sacrificed .ince one wished to follow th. survival of th. bird.,

I! i5 00" possible 10 make man} chem",,"1.t ud .... ",Ih modesl blood samples
",Ileeted wuho ut~rioU$ da"",~ to the Ind" 'oduaLU.inlltbi, approacb. ".., ha,-e
been able 10doeument pollutanl-loouced cbanges in plasma oodium 1e,..,1sm the
black guillemot (Peakall ., al,. 1980b) and ahonuioIl$ of c"culallng hormon e
b ..,ls in ~\'eml species of s<:abiro, (Peaka ll ., at.. 1981), The technique of
mdioim munoassay permits the det.rmi nat "'n of hormone5 to be carried out
nlpld ly and ao:uratdy on small (20- IOOI'!) samples of blood and has reo
volutioolZed the fioeld ofeodoerinoloi}', N."enheless. '..,r~..~1l1e work has been
done on the alterati on' of hormone 1e,..,I.by pollutant s. aod t!>cirm.aning in
Ierms of behavioural change. butlh< Icchniq ue of assa}ing hormone Ie"els from
small samples of blood provides Ihe pos,ibilit)' of quant itat ;,.., mea,urem.nts
bolh in l he laboralory and in the field.

Ano ther polent'aUy , .. Iuable technique for ass<:"ing lho Impact of pollutants
on fr«.Ii"lng buds is the hea,) "ater melhod of mea§uring metabolic rale
AnImals can be injected "ilh doubl)' labelled ""t.r (either ' H, " 0 or 0, " 0 )
and the ratOSof change In the ml;OSof ' H H arod " 0 '"0 in blood (SOp l
sampl<-s) .nabl . the a, ..,mgt m.tabolic rate to be cakula ted (Luson and
McChntoek, 19(6) , The methoo has been used for a number of energy budget
calculations in fr« .hving bird, (W. al hers and Nag), 19&0),No pollutant "'or k
with tbis technique has beenreported. butlhe alteralion of corticos terone and
th) 'roxlne Ie"els in leach's petrelsex~ In oil. and the inabilit) ' of these bird'
to pro"ide .nougb food for their )ounll (Peakall .. 01.. 1981. Trivelpiece. in
p~,), ,uggests that me,abolic chan~ are occurring

6 CONCLUSIONS A'>I) R( CO.\I .' 1r NO"Tl ONS

(I) Internat",,,,,1 hann onlZOt", n of ", ..,,.n ing 1<>($il os.. ntial SOthat data
produced in differ. nt cou ntnol are mutually understood and a="'d_

(2) Tests " 'ith add illonal,peOes aro n=ssa.ry to 'tud} ' the variation of tho
respo ns<:of diff. r. nt avian ,pecies to chemical polluta nt' that •.<i,t in the
en,-ironm.nt in app recIable c""",ntralions Or th.\ di'play problem s at
the scroen;nltest stag., The us<:of . gg-injection lechn ique as a screenIng 1001
.liould be critically e' ·aluated .

(3) Some largel species oan be bred in capt i"il)" good rep..... nlat i'..,. of the
Ansen fonn es. Fa lconifonnes . Gallifonnes. Columb,formes. Strigiformes and
Pa,ser,(onn es aro ' ,·a ilable. but expansion of th" list "ou ld be costly_

(4) Some beha, io u", 1.ffect' can be ' tudied 10 caph,-it}'. but th< impact of
beha"ioural chang« on su"i, ...1i. diJli<:uhIn alSO'S'.

(~) Field 'Aperiments t3k. inlOaccount SOmeof tbe prob lemsout~ned abo,o _
but ha'", """",re problem' of their 0"" . These include lad of conlrol ",'.r the
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rxprnmt nUlICOnd,t;';'ns,diffirult ... ,n chron>cdosing of the bIrd' and the effect
or the observer on the porfo rmanee being meu ured.

(6) Inttgr20ted labotato ryd;,,1d, tud ... i' a good app roac h if the ~Ie of the
problem is large enougll to warra nt t,," COSI. Biochemical dete"",nati(l", a",
part icularly u""ful .. these onen ha ' .. Ie.. variability tha n behavio ura l
IDta$U"' mtnl$ .
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APP E;>.OJX

Sd entifiICNarneo of Sp«: ie5 USled in Tut

Leach ', p;:t",1 (Ocean/x/rama lerKorhoaJ
Black-<:rlJ""ned night ,,"ron (NJ etk o' ax ~y<liro",x)

Mallard ( A "", p!i;,')Thp><!Jo>1
Black d"" k (Anas M .ipe. )
AuUr.l.han black duck I A IIlJ.lsupu<iliosa I
Hooded merpn .. r rWPhod,.IU <"""IIa,usJ
Osprry ( Pond"", hal_,us )
Prainc fak:on ( Falco rnuka""s)
Pe", v ine falron ( Falro peregrim,, )
Amtrican kest", 1 ( Falco .pa .....,i ....)

Bob"'hite I Co/", lU ";rgmianlU)
Japane« q uail (COlurna cOlurnie )
R,ni-nec ked pheasant ( Pltasian... rolchic....)
Herrin, J1111( La"" argenta, ... )
Kiui wakc ( Rissa " idacly la)
Common mur", ( Uria aolp j
Puffin (Frate,<ula arClicaJ
Black guillemot (Cepphus g,y lkj
Ring do' .. (S " ' ptopeliu ,i""ia )
Bam 0",-1 ( Ty U>alba)
Screech 0",'1 (OIUS"' ioJ
HaUl< wrrn ( Troglody te. Mdon )
Starlilli (S' u,nw ,,,Iga'is )
Ilenga~ finch ( W ItCm.ro "riara )
Whlte-throa ted 'parra'" { Z "" ou k hia alhu:olliJJ
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Ed,l«l by V B V"" l. m p, J. Sh«ho.
C ,") <;COPE

M ethods to Test and Assess Effects of
Chemicals on Reproduction in Fish

\ \I\TR OD UCTION

Anempts to O'"I",,'e environmental nsk of man·mad. chemicals ofi.n focus on
fish. Beyond their immediate economic '<llu. 10 man. fish repr... nt the upper
trophic. bioaccum ulatory Ie'ds of aquatic IXOSj'$temswhose primary .lemen t.
wat.r. a.ts globally a, a mo,t .fflXti,.. lran,pon medium Or oink for cn·
';ronm.ntaltoxicants,

-Acut. biOllSSaYS·. i.'. ,,"u,. lethal ,est,that determine the .onc .mra';"" of a
ch.mi.a1 killing W -. oft .. , fish ,n 9(i hOUr<. " ,.", the maIn and oft.n the only
m.an, of hazard a..... 'm.nt till the 19701. EroIo , icologists became increasingly
awar' . how"er , that acut. death Or survival in a ,hon.term t.. t would nOi
pro' ide adeq uate informa tion on the .ffects of che".".. I" More insidiou s (ifles,
conspiCllOus),ublethal and chronic .!fects. and t.. tSca~bl' of detecting and
quantifjing them, ba, .. been re<:eI"ingmore and more an. ntion over recent
yea". A multitude of . !fects on r<producti,'. function in fish. from gonad
differentiation o' .. r larval de"elopm.nt to opo"."ing has bee""'" known (see
r." .....•... by Waldichuck . 1973: EIFAC. 1975. 1975. Donaldson. 1976: FAO.
1977: Sprague. 1976: Brung, 'I al. 1978: ICES. 1978:Birse 'I ar 1979a, b: Cole,
1979: Spehar e/ 01.. 1980: Md nt)Te and Pearce:. 1980).

Some p~"iou, ~v"",'s opeciticallyemphasized the imponancc of~prodllCti"e

impairment <ri!tria fOT 'o ,icity a.... Sm.nt (Rosen'hal and Aldadn. 1916:
Macek and Sleight. 1977: McKim. 1977). So far. ho" .. ' .. r. ' .. ry linle of this
k"" " le<Il!" on .ffects ha' been utilized for or transformed to standa rdized
to,ic lty t.st methods.

Our poper "ill look at:

(I ) effect. of chemical pollutants on ~prodllC,ng fi'h and early lif. otages:
(2) teotmethod" procedures and approaches a.a,lable tod.tenrun. ollCheffect' :
{3) research needs rtgardina our present knowledge of effecl5or necbanisms ,

and gaP' between .fflXt' described and teSloproposed.

'"
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2. EFFECTS or CII D IlC US 0' IlEP RODUCTIO N

The eff<:<;tsof chemicals on reprod"""on in fish can I><",~ga,<:d accord ing to
ontogenetic stage. In some cases the effect of a .. nobiot ic on reprod""tion is
observed d"tttl y in the life histo') ' stage which i' exposed. w'hile in other
Situations the effect" obs......ed in a later ontoF netic stage or in the offspring
prodPC«! by the exposed parents . In this ""'tiOll reproducti"e effeclS will I><
considered from gametes to gonadal matUranon in adullS. and finally effects
tl3nsmitt<:<ltooff.pring and full life cyd, tesllng "ill I><con. idered.

: ,1 Ga",.Ies and h,. ,ili"'t i""

btem al fcrtilizatlon IS tho rep'od""ti, .. mode of the majority of teleost•. The
release of garnetes into and direct eXlX'Sureto ,I><aquatIC medium lSa rn,;"a!
stage durin g ..'hich the p..... nce of a chemical pollutant c;m ei'her ha ... a di=t
lethal effect 011spc:rnL1tO-<Oll0' 0' '' . Caus<:gene damage . interfere "'ith ,he
motility of the spenn a' ozoon. Or imp," r its abilit y to rnter the mic.op}k and
successfully fert,lize the O''IIm, Many economlCall}'important ,pe.:ies offish such
as hemng . salmonid' and eel' migrate to ,pecific spawning location' and the
spaw'ning " .. nl is eharacterized by marked seasonality, The in,-.. tigatiOllof the
effectof chenucab on garnetes lJIlh"'" .pecics ..'ould not I><rele'''nt outside the
abo ,.. space-l ime relationship. On the other hand. the presence ofax rnobioticin
the w'atet at the -'paw'n'ng I"" atton at thoetime w'henspawning occurs could have
a devastaling effect. In this cOlltext it ha' been noted (JoM"on. 1978) that the
Ekofisk oil ".. IIblow'·oul had only a minor impact a, it occurred in a mackerel
,pawning area but one month I><forethe time of ,pawn ing

The mo,ill,y of trou' sperm and sul>scquent'n f.rtili>:a1lonrat< were reduced
b}'det<raents at 5-1 0 p.p.m. (Mann and SchmId. 19(1). Continuous exposure of
plaice (l'ku'on«'~J pia,..... ) cggs from before fertili... tion to "in}'1chloride
bypl'odueu at SOand 10(1p.p.rn. had no effeclon fertil~tion rate but result<:din
..... tion of embryonicde>'elopment in the late Slagel of gastrulation (Braa ten ~I

a/.. 1972). bpos urt of ,, «Ihead trout ( Sa/rna ga jrrbtnr) spermatozoa at 1.0
p,p,m, methylmercuric chloride for 30 minutes markedly reduced their fertIlizing
capa",y (Melnt' ..... 1973), Cadmi um cxlx'sur< up to 10 p.p.m. did not affect the
fertilizatIon ofPaClfJ<herring .gg' but resulltd in dose and expos"Je·time related
poor , u", ival at ha'.hing (Rosenthal and Alderdice, unpublished. in Rosenlhal
and Alderditt, 1976).

Billa.d and ro-work e.. It..-e d" ..loped rnethodolOJies for the examinati on of
the effect of pollutan ts on spermatozo a and o"a separately prior to rertiliza\l{Kl.
To obtain test period , of up to 60 minutes spermatozoa "'ere ex~ to
pollutants in the presen<:eof 2g,IKCI. which inhibits .perm motility{Billa,d and
Ialal><rt. 1974). After dilution of the potassium ion the fertilizinll ab ility was
tested at I 10.000 and I 1000 sperm dilutions, To p',,'ent closure of the
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micropyl~, ova "'.re immersed In a phy1Oioiosicai solution contain,ng
TRIS~lllyrol bulfer 250 mosmoL pH 90 (D,llard, 1977). Using these technique,
a polychlorobiphenyl wa, ,ho"" to intubit f..,ihzation by .ffeeu on bolh sperm
and eggs o' .. r a dose nlnge of 4 400 p.p.b, (Billard.1 QI.. t978). H.xadecanol and
octadecano l . ,posu re for 20 or 010minut.' reduced the f.nilizing abihty of a
10-< dilution of trout s~rm 0''''- a d"", mng. I-tooomg I "hile octadecanol
""J'OSurefor bOnunut .. o\"er a dose rang. of IQO-.1000mg Isignificantly redueed
the falliny oftmut ova (Billard. 1978a), In funha teslS u,ing thi,technique lhe
organo<hlorin. pesticiM lindane was sho"'n 10 lo" '. r lh. r.nihza lion ral< at 2S
p.p.m.. and Hg. Fe. Co and Cr "'Ore 'ho"'n to he the most to'ic melal, for
garnet .. (BIllard . 1978b)

2.2 Cl·tologic:ol andC~'logtMIi< EfJKt. on [US

Th•• ""mlnat,on of.gg chromosomes. rat. of cbromosome di'ision (mitOlic
ind. , ) in th. yolk-sac m<mbrane and gena"l cell Slat. ha' recently been uoed 10
.,,,Iuat. the pos.s;ble.lfect of poIlutan" in the oceanic microla)"CTon Atlantic
mackerel .W l S",,"""' , KOmb,U') in the surface waters of the N.w York Bight
(Lang".l1 and Hugh... 1980), C~togtnetic abnormalit i., ob"'f\'ed included
cbromosome bridging. chromosom. breal:age and translocation. and
chromosomes ou"ide lhc mnOlic sp,ndlc at tclopha",. In thc early ilagt of Ihc
in". stig.ation mona lity moribund it),estimal<'Sw.re calCUlaled for thc clea,,, gc.
morula. blastula. gastrula -carll' .mbryo and tail bud-tail-r .... ,ta g.. and
estimates "'CrCmad. for tl>l:nwnbe- of.e1ophases ~r .mbryo and percentage of
emb,yo, ";lh <: 15 t.lophases ••• hc gastrula -carll' cmbryo and tail bud-Iail·
f.... stag.', In lat.r "ag.' of the in''''tigat ion yolk-'a< "iabi lity'was estimated on
the basis of cell stat •. milollc inde' and mnotic ungula.,ty. Computer
companIOn of these indICeS";th d~mical analysis at sample locations indicated
a.. ociations between thc cylolo11icaland C)'tog.n.tic paramct.,,;. microlay~r

Ie"els of beavy metals and lo,ic hydro<arbons . To obtain more mean inllful
corrclations future ;ntcnsi". stud ... may in"o1>.. a ll"' ater amounl or dI .mical
.amplinll and analy,is.t f.,. location •. Concentration on ,pecific mutag.nlC
C\"ents ;n the yolk......c m.mm- may reducc lh. probl.m or separating th.
natur al and unnatural component. of Z) got< mortal"y (Longwell and Hughes.
1980). Important factors m the methodolo gy includ. adequate sampl. oj ...

control samplin g from polluUtnt·frcc areas and simult.n.ous ph;Sical and
chem,cal stud ... in the >ample area, (Sinderman n aI.• 1980),

2.3 Earl j '.lif• .hisl0rj Stag ..

The t.rm ·.atly.hfc·h"tory stages' . nro mpa.... . mbryonic d."clopment. hatch·
lng. yolk·sac lar"ac and the stages of lar\'al d."clopment afier first feeding. An
o"e rwl\elming amount ofeffort has been devoted to the io' ·. stigation of the elfect
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of chemocal pollu"""" on ~II 'U1IW'of carl} ' de"elopment in fish. The ,ubJect has
beenthoroughlyreveveoon a numberofoccasionsfkosemhalandAlderdice.
1976. McKim. 1971; Mace\: and SleIght . 1971) and a number of specific 'csI
melhodologies ha ,'e betn d.. ·. lope<!«s.Birge " ai .. 19790; Macdonald. 1979;
Anon. 1981a.b) . Tbe specific effects of pollutants on ,he ''anou, early·life·
hislory stages ha"e betn ~vic:wed by Rosenthal and Akletd ic. (1976) and are
,u mmarized in Table l. h has been suggesled (Birge e/ a/.. 1979a) ' hal early ­
life·hi'tory teo!> are un~\:ely 10 prodl>Ce 'fal:se negal i",,' results providing 'ha'
e.<posure IS malnLOIt><dfrom f.,..IIhza,ion 'hrQugh 4 7 da}', post-ha'ehinl\; ,he

Toble: I En' induced by chemiatJ poilu,""" " 'hJ<:h.rr ... . . m.... Of early-hk -
h.. 'or)' ...

GA),fETES
Sperm""""

reduced "",""Ii') '
.bn"" "",l oppeanne<: ,nelectron m><:roo<op<
reduced r<rtiliz:o'ion of ",,",,"I <R'
gen<<lama"

0"
reduced kniliza 'ion by normol spenna'''''''
"ned.m."
delayed elf... on haltb,n,

F I;RTILIZATION
R«Iuced fertili .. ,io" ....

EGG CHA RACTERISTICS POST_FERTI LI ZAT ION
AII.red .. .. of " ..1<r hant<-n,",
h.,re .. «1 fraJililY
Reduced adh<s<..,.... ,n n,,",,"l1y ad..... ,.. <w
Ral uced <Jl "'la ....
Roduccd '""min, preuure
Roducod osmolality of ptm il<ll,ne nuX;!
Altered buoyancy

EM BRYONI C DEVELQ P),fENT
Prehatch e-mhryon.. mo""Ii'y
Ernb<yonl< "",lformo'",n
Cytos<"<1le:ohnormoli'ie>

ehro"""""", b""Jin •. breokoj\<. ,,.n.loca,.,n
ehrolDOSOme(.j"""X;!•• pn.dk dari ..... Io"ho...
number <lilelopbo.ses per embryo

AITe>'od dilf..-....,ia,ion or doditr..-enhation
Altered embryonic m,,,~men' behavioural ohanF
De<ruoed en>:jm< OICtiv;ty
Chona< ,n ~p,,.tMy rot<
IIo"op> tbo lo"",1 "ha",. . <.J- in ,nt<Jllment
Altered ro" <Ii yoll: alllizo'ion
Ahet«l heal ra,.
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Table I IConld.)

HATCHIl' G
Altoratlon ,n percentag<:l\o.t<h
Failu'" to hat<h
Chani<d tin>:<>fhat<hms. earlie' or ~t" tban nor",..1
Do;;",OS<d "'''f,h t aDd/o , iength at hatoh
Alter«l b«Iy Stz , 10 j'Qlk.- slz< "'~tion.hip

YOLK_SAC LARVAE (ALEVIl'S)
Mortabty
D<formity
Reduced or "",, >"cnyolk ut,loz'ltion
Reduced growth
Chan~ buoj'1ll'lCy
Retarde<!"",rpholo&iC. l d.",lo pmcnt
Re"' rded bella,-i""ra ) de"'loI'rn<nt
lnab'h ty to .wim
P""r equilibrium
Chafii< in ~piratoty We
HIStOl"'thological c han ge>. e,1- in braochal <pitlll:lium

LARVAE (f RY)
Mortalny
D<formi,y
fai lu'" to feed
R... rded I'0" ..,h .. "
Reduced swimming ah' bty
Disturbod equibbrium
Beha. ioural , !\anl!<"
I.o"'e"'" dosease~is .. noe
Aboor",..1 sonad differentia",,"
C!\ange '" = pi"' to ry rat<:
Chan.., in ",,,,,,,,gulatoty . hthty

EMBRYONIC DEVELOP MENT IN VIVIPAROUS FISH
Embryo ""' .... ~,y
Deformny
Reduced br«<! .i ..
Reduced OOdyhi'h at birth
Chan!:e in in'er", l betwoen hr«<!.

".

rcawn being that a "ide rangc of biochemicall}' and ph)~lolopeally med ialed
'0<10eff."" on ear ly d.. "lopmental "ag", arC po<silllc includi ng eff""t. on cell
differen tiation and gro wt h. ~lIular differentiation. metaboli.m. !)~temic fun_
ct ion • . hatch,ng and initia l accommoda tio n lO~ frcc_Ii,i ng exi.tence ( Birge n al..
19790) . To pcr mit an .. 'a lnation of the eff""t o f xenobiot icoon tbe critiooal""nod
of tr~nsition from the endogenous food source. yolk, to a~ e~ogcnous sou rce of
na tu ral or form ulated fe«l would require e~tension of the ,est peri od be}'ond tbe
4- 7 days po>t-ha t<h pro~ Il) BlTge" ~I , (197%) ,
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2.3,I EJJrc~ of Orgo"i, Compo ull<1' 0" Eorly_lrj,.hi"",-" SIOS"

OrgOllO<'hlorintcompoOfld. AI~mplS 10 rdate.gg haIChabibl}" ,n haICn.r y
s.o.lmonld.to " ,.• ~ of PCB, a nd otn.r organochlori .... compounds accumulaled
in tM .us m 1M natura l en"ironmc:nt have so far fa ikd to sho" a . "ar
rclalionship (Zilko a nd SaundeB. 1979: Staulf .... 1979. Broy les and No"ed.
1979). An earlier nudy had shown lhat tn. PCII Aroclor L'!42 c.used 7S:;
morta ],ly at 30 dal' ,n tainho" troul .gg' whICh co nta ined 2.7 /lg g PCB,
(Hogan and Brauhn. 1975). Continuous exp05urc of broo k troul eggs to tn.
organochlori ne pesticide to xaphene from 21 days bofore hatchin g did not affect
halching, bul ca uwl comp"" mortahty 30 or 60 days al'l. r hatching at S02a nd
2gg ng I respccti' -ely (Mehr" and Maj er. 1975j, Tn. effecl of halogenated
orpnic compou nds produced by chlorinati<>n of sewage CmuCOIand cool ing
water ha' been leSted by e.posi ng ""'P embryos from fertilm.l ion to halchi ng to
' jn tn. t 'oc:mIXtures. The percenUige 'u r'i, ...1 of.liS al halch ing was used to
estimatethe LC•• (T rabalkund Burd. 1978). It has betn pointed Out that 10 the
case of xhlorouraci l. halched embt')'OS" 'ith malformalions which p.... ..nl ln.m
from enlering ,n. reproducti,c pool should l>eadded to lhe d'rect mortahlies
(Eyman n 01.• 1975). Tn. effecl of 2.4-D on oxygen consumptio n during early
embryo n'oc:d.,. .. lopmcnt in the Ioach has been e.\amtned using CarteSian divers .
Ferlilm.lion of eBi' in a 15m" so luti<>nof 2. 4-D reduced ox)'gen con,ump tlon
at 7 hours . "h i" fenihzatlon In ","',.r folloWed bj transfer to herbicide so luti<>n
had a lesser effect on OXl'lletlconsumpti<>nand additi<>n on. 4· D four hout'<ancr
fenilizalton had nO.[fOXI(Kk kow,l" el al.. 1977). Thest differences in respoose
to d,ll'erCOI .xposurc tiffiJng rela te 10 change, in egg permeabilitj ' afl er
ferlilm.tio n. The effect of 2, 4·D has been tested on fertllized .ggs aod frcohly
hatc!>ed la" ...e of bleak (A lbur...... olbum ....) . 2, 4-D Slopped deyelopm.nl of
embrj "os. caused beha'iou ra l chan ges and morpholop::al alteration, " and the
LC ," ""lues ranged from 12.9 10 1~9.4mg I for emhry", aod from 51.6 to
111.2 mg I for la,,'a e depend ing on lime of n posure (B"o, 1979) . Th.
informa tion was used 10 ob""n a maximum aca:plable to<icaot concentration
(MATC).

a rgonophospluJIU Choli ...."er.se· inhibill ng 0 rgilnophosp ha Ie irlSeCticides .
such as fenitrol hion. ha"e betn .hown to be les' tox'oc:10salmonid embr)' ''' and
. " ,i ns lhan to laler ·life·history stag<$ (Kta,-erh mp., aI,. 1977). A. a conse·
quence . early.life -hiSlo'} testS maj not he appropriate for organophosp hates

Oil a"d oil du~"a"lJ A numl>erof rettnt studi es have been condl>C1edon
the elfects of oil poliUlion on early ·hfe-hiSlo'}· .tages . [n lhe kilHfish ( Fwuiu h..$

M It"""il ....), exposur e 10 oil decrea>ed the inte""l het"'"een fertilIzation and
hatChing (Liooetl el aJ.. 1979)and 1M early emhryonic Slag<$we... more 5<OYti,..
lhan lhe laler embr yon ic and la",,1 "ages, perhaps as ..... ult of lh. decTeas·



T~'I QltdASHU Eff ec u ojCMmkols()ft kprodlKlio~ in Fish 371

ing permeab ilily of the viltlbne mcmbran~ 10 naphtbak ne The wal.,-·solubk
fraction depres.sedde"elopmema l rate, halchina s= and larval survival, and
incre.>ed d", ..lopmemal abnormalities (Sharp n "I.. 1979). In pmk $8lmon
Onco,hp" ,htH ,orb""dw. on the Olher hand. alevl1t$and fry " 'ere more sen' ili....
lhan emb') '''' to crud e oil (Ricen 01., 1975). In the Pacificherring C¥" pal/os/.
e']lO>urt of embryos lo the ,,·aler· soluble fmc"on of crude oil resulled in reduced
~ize al hatching. It also resultM in bod y Rexu,,"",'hichcau>ed failure to swim and
in na ture ""ould p,..,... nt filling ofille s""imbladder 1.1the surface and failure lO
mamta ,n posilion in lhe " 'at" column and feed,na. The ",ann,ng electron
micro,",ope revealed deformed mouills which would a lso affect feeding (Smi,h
and Came",n . 19/ 9). The eggoflhe medaka (O, y:i'" lotiIV' ) has bocn SUggesled
as a promi~ing candidale for 'o,ieant lesting. The adult female spaW1t$daily for
3-4 month< in lhe labo ralory and the chorion" lransparont. pormining
obs<:f',llion of prehalCh de'-elopmemal Stages. Ei posure 10 crud e oil roduced
hatchinillime by up lo 33\ and produced smaller larvae w'th lari!"r than normal
yol k·<;tc~. The premal ure halching ""as thought to be Ibe resuh of increa sed
re>plralOry rale or irrilation whicb bad eau>ed Increa>ed opercular m,,, ..menl
and ruplured the hatching alands (u una and Bulkley, 1979). Some ear lier
publications re" .. wed In lbeabo, .. paper Showed cTudcoil or Its compo ... n"lo
delay hatching , The difference is thoupl1 to be related lOdifferences in t1>:ralio
of ind"idualtox ican". 0 11d"peTSanl$ also ha ,.. Slgniftcanteff"'lS on embryonic
d", .. lopmem in fish.1n lbe cod (Godus """hIiD) lbere "'...s biib .. nsiti'ily in early
embryos. a d"'rea .. afleT ga>lrulalion and an increase again ane r hatchIng
(LoM lna and Falk·Pelersen . 1919).

2.3.~ Effect ' of loo,({",,/ . Comf'O"nds "" fArIJ ' Iij.· bitt or.- SW({"

Arid p,etip ilation Acid p=ipj"uio~ re>ullinll from induSlr.. 1 ,u lphur
dio lldc eml$Slon 1010 the allIlo.phere has 10"'ered the pH in a numbeT of
fresh" 'alet 'Y'ltms and had a se"ere impacl on lhe reproduell\'O capac,ly and
consequen t sun'.,,1 of many lish species ,n lhe aff",u:d ar. ... (Bea mish, 1976).
The impact on reproducl;on has been at oolh the early-Iife-hiolo,y slages and at
tlit adult ~"' ges. E,pos ure of brook lraul embry'OSlO pH 4.65 resulted ,n a
sill'IIficantly lowe.- .un"·al to hatching (Trajna,. 1977). In Alla ntic ....Imon
(Salmo ",1o' ) and brown trout (Sa lmo 1"'''0) .. posure of ellP lo pH 4.5 and
abo"e did nol aff"'l haldun g rate . while pH 3.5 "'as Ielhallo all.W in 10day~
(Carric k, 19'79).Embry'onic monal"y and morbidity were found on lake trout
(SaI>.I;~us nO""'J'O',h) inbabiting a lak" expenmenrally acidified 0'·... a 3 year
period to a mean summer epilimnio n pH of 5.84 and hypolimnion p H of 6.2
(Kennedy. 1980). A .«:em detailed study of lbe dfeets of acidic pH on embr) OS
and ale,'jns in Al lanlic <;tImonhassho"'n sublelhal alterat, 01t$in llit ;nleilUment.
gill.nd blood vascular slruelures ofallli\-t ale"in, at pH S.Oand 1o""'L lid o"
pH 4 j injuries also occurred in brain . opt": re!tOa, kidney, .pletn and
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~rylhroC)l", In prehatc h and post-hatch cmbryo., injUry to tl>:integument and
bra nchial ep; the~um respecuvely we re believed10be tbe primar y cause of d~at h

as • rl:Sull of Imp,urment of respira tion and ion homOXO'tasi. (Day<:and
Garside, 1980,. In field test. In an acid lake, ' urvival of ramOO,,· lrOat eggs and
fry ""as impro,'ed by incaOOtiQ<lo' .. r a ~mesto..... ubomlle (Gunn and Keller,
1980).

..,,,,, /, The ell'''''' of ca,h"'um on the fertlhztd egg of the PacifIChemng
C/JJpfo pol/lUi ha"e bttn iml:$ugattd in detail by Alderdice. Rosenlha l and
collaoonllors . Incubahon of herring eggs in seawaler conta ining I p.p.m.
cadmi um delaj"" attainment of the prim,,,} m,,,im um bursling p..... ure and
redll'X'd bot h the primary and ,"",ondary burst ing pre" ure maxima. Tile
decrease in .tren gth of lhe egg en,dol'< apl'<ared to b<:caus.od by cadmium
binding 10 the jellj c""l and re.ulted on oncreas.od, ,,= ptibllily of the egg' to
mechanIcal damage (AlderdIC' ~I 01.. 197%.b.c) . h posurc of P""ific hernn g
eggs 10 cadmium het"ttn 0.5 and 30 hours aft.. fe'tll w, tion "'dueed tota l egg
"o lume,

It WaSproposed thaI cadmlum Intenerod "Ilh ,he "'aICr_hardcning process bj
eompel;ng with calcium forbinding.iles. In pelagice"sachange in e" 'olame
could atf":l egg buoyancj (Alderd;c-. " 01.. 197%). Exposu", 10 cadmium also
roduccd the <>j;molalit} of the pcri"lci line ftuld ",peciall~ at htgh salimt;e.
~ A lde Rh<:c '-I 01.. 1979<1.To c,pl.,n 'he abo' e elT«:!>Aldcrdl<e eI "I. 11979<)
p1'oposed that binding of cadmIUm to Ihe jelly coat of the egg caus.od \t to
harden more slowI} At hIgher concent""'On S cadmIum I'<ne''''les the e!OJ!.
altering the caps"" structUre and formIng complex ions and moleou"", '" the
peri,·itclli.... fluid. This ,educes the OSmotICprl:Sf>Ureof the pen ' ilcllin~ fluid and
cau... le;, "'ater to be imbIbed, thus d..:reasing ~gg 'olume, In the blu~gi l1

(upomi' ItWcmchiru.) as in Olher ,pee"' l heembryo and lan"l . tagcs are much
more ..,n. iti,.. to cadmium lhan adult fish. The ditfercnc~ bet"een II><safe
chronic and acute monali ty "a lues wa, 2«l-fold (Eaton, 1974). In ninbo" lrout
~.poourc of a levin' 10 cadmium caused erra tic ," 'immi"g and blood clolt ing.
AIe"in. from cadmiurn~xpooed ~"" su,,'i,-ed longer during cadmium .. posure
lhan aleyins from UllC.<pooedew (Beall~ and Pascoe. 1978). In the Alla nlic
'i l''' ...lde M~~idia "~~iJia, an eslua rine tele<>j;l.cadmi nm_lndU<edIa""l mor­
",Ii'j' "'" hlghes. allo", salinity (10 per ' housand) and Iowesl al high salinity (30
pe' thousa nd>(Val'" tI o/., 1979).T~ "or ke... de\1sed a fluetua"n g salinil}'
' es' .)' tem fO!'estuarine "h ich , imula'es the cyclic cha nges "'hich occur in
"luan nesa linit~. In an in, 'esligali"" "hhecombincd effect; of cadmium.coppe,
and I~ad "" hornn, (C1upNJOOTt'ngJis)egg, and la",ae. ' ,ia ble hatch' wa, found 1o
be a much mo", sen."i,,, mdicator lhan ~mb,~"" ic ,u"' i"al up 10 lhe tim~ of
halChlng. Theeffect<of cadmIUm and copper" e", add"i ,.. (Westcrnha gen ./ al,.
1979),

The zebrafish Bra. hydanjo ,.,;0 ba' been exten,i\'~I)" u.. d fa/ toxicity ,es, ing
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on III<ba'"of its transparem eggs, the fact that the adullS bitt<! y.a, round and
tl><S<;n$i'imy of ilS.a rly_hf._ruSlory"ages, Exposu", of prolarvae and la,,,,,.to
lead 'on. Induced ep itll<tioma. poor absorp tlon of yolk a nd llI.il e,ol"On$ ,,'rule
copper induo:ed,pi ral;ly of til<ne,vo u, system , uad appeared to ama ilOnizethe
effect of copper (Ol.Oh. 1979). R. mo"" l of III< .11<11membrane f,om III<
de"dopi nil ' u (decltononation) ,ncreas.ed .mbryonic S<;n$iti'ity '0 copper
(Ozoh. 1980), Thi, is oppo$ite '0 the ./fecl of dechorionatlon durinil linc
,xpo$ure .

A detailed melhod hat been d"""ribed for ,he in,..,uption of ,he e/fec' of
cOPJl<"on Pacific IIe, ring 'ilg! and \:;t,,'lII'.Embryo morta[jl~' oo::urred at 35l'il I
"'h ile la"'lII1mortali 'y O<'<urrnt at 300 I' ll I (RIC<:a nd Ha rnson. (977). In
fre, h"'ater .pecl", the lan 'llli stag< i' the mO'" .. n, ili" , .arly·life ·hlSlOry, tage 10
coppe' In'''''liga tlon of lhe ./fect of coppe' on ''''0 Othe' marinc $pecie> has
,Ito"'n lhal the Allamic sih..... id., an esluarin. 'p3"·ner. ;. more .. n.iti,·. to
copper lhan lhe .pot f1£i"'''''''''' :<anthun"l.an oceanic 'pa"·""r. Copper ",IS
mo:sllexic 10 lhe 'gjI;'l of lhe sil' ..... id. at haterunil. The percentag< mortalit) at
hatch,ns was compared "',th number of egjl;'lalh" 24 hou ... after fert i ~zat io n

(EnJll'I and Sunda. 1979). In ,h. lebra c",1id Ckhiawmo ~igroflHciolum.

cxposure of proia","" and Ia" a. to copper caU>«! malformation of the ne"ous
'y"cm "hile z,nc caused morlaht) "nbout ob"iou' malformalion. The com ­
bina'ion of 32 p.p.b. l iTICa nd 16 p,p .b. coppe r had a synersls'ic elfecl on
mortah\)' .xp",ssed as perccntage hatch. The lesser .. n,iti,·ity in this ciclid to
copper malformal;"n compared '0 the leb'" fish " 'lIISrelated to th. lo""r a moun,
of yolk pre-sem in the eu of the laller specie:>(OlOh and Jacobson. 1979),

Exposure of car p (CJprl~UJ carplo)'l!i" and la,, '. e to nick.l has .ho "n tha'
'Sil' are mo", "n,;t ,\'o ' han la" 'oe for the ",me exposure 'ime : bo..,,"cr. ,he
Ia,, 'al "age lam longer than lhe embryonic .tage and ;'thu. mo", .. nsit,,'e to
' ''cnded uPOW'" (BlaW"'" and Fran k. 1979), Sih"r caused premature
hatching of eus and ""arded ale,-in d""lopmen t in rainoo'" lrout at con ­
cenlrat ion, of 0, 17 0.69/11\ I. Morta li,y prior to." im-up "'as 52~~ al 0.69/111I,
The 'no effect"concentration bet.. """ 0.0\1and 0.17 I'S 1indicates that .il'"r"
one of ,he mm t to,ic metab 10fish (Da' iesno/.. 1978), In the USSR lhe ./fec"
of the OrllllOOmelallic compound elhylmen:uric chloride ha\C been tested on ,lie
carl~·life-hislo'Y " all"" oflhe Ioach. Eggs "'" .. mos, senS't,,'e al glI$lrulalion and
at ""tch inil· After hat chinil. la".e "'.•", ""'red in fresh"""'ter fo, 2 "eo .. lO
determine morta~ty, Tile max,mum lolerable co,..,. n'ra,ion "'ali 0.005 mg I
(B}'ko"a. 1979),

Ar",~lc Early·hfe-hislo'Y t<;Sl< in lhe mu. kellunge (£SOxmoJi/uitWng}")h....
sho" 'n that la,,,,,,e undergo ing ,,,im ·up are more senlll"e by fa' lhan ei'her
.arlier or later d""lopmentalllages (Sfxnila and Paladioo. 1979).In additlon 10
cau,inll mortal'ly a ,se,", ha. be.n shown 10lo""r the crilical thenna l max'mum
for muskellunge fry (P.lad ino and Spotila , 1978)
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ChI<!T"" Chlon"" '" uiitd as a bio<ide ,n po"......g......rauni! facilities and
stwage lreat".,.n! plants. EW from mippoa bass (.'>10"'''''sa~olili<), "'hile!,"rd
(MMOne amuicana) and blueback herring (A laS<.l""Jlim/iJ) we", exposed 10
chlori .... until hau:hing. Hatching wa, nxluced Jarvae we", ,honer at haU:hlng,
Ja" 'al de,,,lopment "'as inhibiled and in the bemng abnormal la,,"C we",
produced (Morpn and PriT«, 1978). A tOSISYilemfor "mulann g the efroolof
the simu ltaneous rise in lemptralure and lolal residual chlor ine eXJIO'urelhal
oc<:Ul'S in power plant condenser ,) ,.lerns ha' been d" ised. Using this sy"lem lhe
effoolof chloriDeon "ripod bass ei!goand pro la,,'.e WaS in"estigat«!. Eggs "e ..
mo'" resislanl 10 lhe combined effoots of chlorin e and tem!'"ralure than
prola,,'.e , for prola" 'ae lhe.. was a second ord.... linear interaclion bel" 'een
chlorine and lemperature (Bunon ~I a/., 1979), In lbe ubra fisb chlorine was
more IOxic10 ....,, 'ly halched larvae lhan 10 ew ("'osha and Coben, (979).

N ilrole. ammon;" (111<1hydrogen Juiphiik F.. b can be exposed to nilrale from
agricultur.>1fertilizers or from hatchery" atrr re-ust, Exposure of salmonids 10
nilrale from waitT hankninl of eWtbrough to firsl feeding 'howed lhat
rambow and Sleelbe.d !roul were lhe most .. nSlI,ve. In the lauer 'pecles , 5 mg I
cau50dsignific.nt eggmortalily, Monality "li SIo"-.r in ,u,,;"ini! ff) (Kincheloe
~r aI., (979).

Exposure of rainho'" troul eggs and ale"ins 10 un-ioniled ammon'" cau50d
mona lily al or aflcr hatching, ret.rded la,,,. l growth , inhibiled yolk-sac
absorpllon and m some,cases resulted In bypertropby of lhe gill epilhelium. The
letbal lb... hold concen".I;OO (LC",,) for ale';ns "'as O,25mg I N H••N
(Burkhal1cr and Ka lll , 1977),

H)'drogen sulphide is generaled by dooomJlO'ition of organic mal~rial or is
p"""nl in emuents . ConcenlnluonS uce:cdnli 0.025 III,-1 retard gro""th. c.<lcnd
the IncubatIon period and resuilln Mformed frl . The efroolSar~ accenlU';Uedal
10",oxygenCOl\CCnltauons(Sm,lh and Oscid, 1972), In nort hem pike D ox lucius
hl'd",ge n sulphidc had similar eff«:ts; .natomical malformalions included
lordosis, cO!lieslion. gelalioous lesions, mallormed bodies and UDe'en ....
sorplion of I'oll (Adelman and Smilh, 1970).

2.4 St xlla lJl '\blurin g AdDl' n .h

The ~fr<:clS of chemo::alson ",produeli"~ M'''lopm<nt In fish manifes' 'bemseh-..
in a number of diff~renl ""ys. ranging from hislOpathological effootS10changes
in lbe prodUClion .nd metabolism of gonadolropin and lhe sex >1~roid,. A
numher of recorded and pOlential effootS.som~ of \\ tach may b<suitable as lesU.
.... listed in Table 2. In the following sections some recenlly described efreet' on
...production in adult fi,h \\;11be presen1~d accord inll 10 lhe nature of Ibe
poliUlanl chemical.
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SEXUA LL Y M ATU RING A DU LT
Chan... in J01Iadde".lopmenl

.1.ril""I>O"
delay in 'ppoa"''''''' of o«:<>r>:;lo'Yon" .1 <h...octt notl<S
delayed malur ollo"
almo nnal lJoss oppoo",oce or JOllod.
thalli< in tonadooo mal;c ll>dt'
h",opo,holoJi;: a' <hanp;n JOIIado
.... n.. in ratio of oo"",'i< \0 .pe"",,''''''''''''''II<m to>'1S
"'hib''''''' of 'p<rma",~", blocu., of spermatoJODla1 mJlOSi<
~ion of leSIis
' o"'-bo" "" of v"~IIo .. """ (yolk <!<POOl""")
r«!ue'io<> in pla. rna cak:ium in f<mal<

"'~"" of "'01)'
Chan, .. In md ocri control mechanISm.

rtd""lion in bypot lami< content of~OlfOP,n·", .. u,nJ factor
ah.rtd ,ona dot'''P ,n levelsin P"u,tary ond pIN"",
,hanF ,n numb« of~n .. for JO'ladOlropin . ond'ovno and 0<011.".... ·
alt.rtd 0""""" p upla ke
<l«reue4 ,,,,,.<lat)~hydro'Y'''roid d<hj'<lro....... o<:tivlly
;1>Creu< in ova";' n ,holos.. ..." co""",,,1"'I'O"
" .. nod lonodal , tt r<>id_i, lit vii",
dUIDs< in p1uma <XH>CCD'rauo"" of adfo .... . oesI'OJC"" and pr<>Je>IOS'fl>'
<""nil" '" """"I of lona<W hormone<)'cloo
. It.1'<ld,,,''''''''' tim<. _boli<: clea,,,,,,,,, r.t. and >«:mion "' ... of ,<HW1aI.,.roids'

Chanl'" ,,, &<I""y of ,,,.,rian 'nd teSticular <IU)'m<> in,..,I,'e<! ,n int<rm<diary
m<ubolislll

.I t<red rat< of hepo' O:""'ta bolls'" of .. , hormon<> '" >it'"
"Unula tion of h. po" e rrueroso mal onzymo .. ",i l)'. o.J. ey,,,. hromc P-lSO

SEXU ALL Y MATU RE AO ULT
Failul'¢ 10.pennialC
Reduced numbo' of mature 0... III o>:of)'
Delay Of r.i l.... of OOC)'ICfinal m.' .... 'ion
F.i lure '0"""lale
l ....reU<d ."m be, of . ,.. tic ....
]nhiblt ,,,,, of .. nsiti,ily '0 u "",P M I phoromo ...

SPAWNING
Chong< ,n ,n'"",al. bclwccn ,pu1I!np
ChoOfC in 'orn<of spo...'niol
Impo.irmen' or . po....ninl boh. ,," ,,-
llol..wioural di 'plaamc n' from . pa",'o,o. loca,i""
F.i1ure or inhibitiOll or . pa..lIina
Reduced ous rcl<ucd per spa""';nl 0< PC' day
Red.... ,"" in .....mbe, ohpowninp pet f<mol.
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2,4.1 EjJec/j ofOrga~ir COmp<!uNJ< "" Su w l Maluro/ion

OTganochwriM «Jmf'(JIUld< A stud y althe W.. t Vancou\'er laboratory at the
heginn;ng of the Ian decade (Har\'eY. 1972)re"ealed thai the f«dinS of DD T at
\0,,' lo:vd s in the d;'t to coho sa lmon (Orrrorh>nchusI:.swu h) significantly
increased the "' te of ill ....,TO17/l-oesu;odioilIlOtabolism by ~\'er slices. There was
no significant changc In ocst radiol m<Lobo~c cloa",l'OOl'ralr ill .i,,,suggesting
tha t ocstradiol "'as .!rudy boinS motabolizrd at a maximal "'Ir (Ha ,,-ey. 1972).
The df cct On in "'" ocstrad iol c1ea", ncc ", tc may ha ve be<:nSignifica nt if
maturin g rat her than immat ure sa lmon had been used as the former fish ha,'c
hight r plasm a <><'Slro~n conccn ll'Il,ons,
Ex~ of l:o'ook troul to a ... bethal le\el of pol)-ctllorinated biphen}'1s(PCB,)

in thc "' at..- for 2 1da) s increa«:d Ihc conc""tration of polar <teroid metabolit ..
produced durinS in I'IITOincuba tion of tht teStis, Fun hermore. the hatching ralC
"'IS reduced in eggs produced by trca ted fcmalC's(Frtt rnan and Idler 1975).
Reprod l>Ct,, 'e effee" " 'ere also obtained ,,'ben Atlanlic cod (GadllJ morAw ) "ere
fed PCBs (Aroclor 1254) at 1 to 50 mg kS diet for seve", l months. In "Ilro
incuba tinn of tesl;';;ular tissue from treated fish with t4C-pro ilOStcrone indicated
a mar ked Stimulation of testoste", ,,,, and I l·keIOtesloste",ne bios) nthesi' at 5
mg kg PCB. and an inhibnion of ll -kelotestmterone bioo}'nthesis at 10and 50
mg kg PCB.. Durinl! the experimen t plasma and~n Ie'-.:Isincreased in oonlrol
fish as senal maturation pro<:eeded On tbe ol her hand. plasma androgen Ie\-els
remained low in Pe B-treated cod . T tlesc marked endocrine chanllCSin PC B­
exposed cod wCrenOta""ompanicxl b) a n}'changes ,n the gr"'-' ap~arance of/he
fi'h (Fretman and Sangalans. 1977a; Fret man n of.. 1978).

Exam ination of enl)"'" activity in the tC,tes ofco<! .. f>OSCdfor 5~ months to
PCB. in lhe abc"'e experiment ind;';;at ed increases in 5U~malant mal;';;
dchl'dro~nase and .u~ma tant aspan ic aminotranolerase at lhe hi£ller PCB
cOncl:mrations and depression of mllochondnal alan"" amlOotransfrra se. A
number of otber elll}'IDeSin\'olved in intern>cdiary IIIOtaboli.m "ere unaffccloo
(Mouni b and Eison . 1978). To determi ne" helher there '$ a correla',on belw""n
PCB-stimulaled hepat;';;micr050mal elll}'me aeli, ilies and pla,ma sex hormone
co"""nl "' tiol15 trout and ca rp were adm ini" ercd PCs. imraperilOnealTy at a
dose or25 mg kg body ,,-e,ght ~r " 'C'Ck for ~ "ecks. Tile plasma androgen Ie'-.:I
decrea«:d significant l) in trOUtafter 3 """ ks and in malo:carp after 4 weeki, The
plasma <><'Slrogen concentration docrrased sigmficantly ,n 'roul and carp after 4
"·oc". These deerea... in androgen and OCSlrO~n concentrat ion. were cor·
related " 'i'h a signiftcam increase in Ilepal;';;c)'ochrome P-4SQICli"ily in both
troUt and carp (Si' ll", ja h n al.. 1978a), Exposure of female calfish
Hctcro(JMlIJlt . f01-JiIi'10 the organochlorinc inSr<:t;';;idcendrin for 96 hou~

resulted in reduced ova rian" P uptake In ;'iI'o.nd reduced pitull.ry and serum
llonadotropi n co,,"cnlrations a, me. sured b) slimula t,o n of" P upta ke in I'i,v.
Endrin treatm cnl either enha nc<:dat a ",reconcentratlon or did not inter fere, at •
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higllcr ~onoentr.Ulon . w"h tbe stImulatIOn of ovarian JJ P uptah by luteinizing
hormone orcatfi'h pituitary .. tr,"" Thu.' he eIf""t of endrin on reproduction in
the catfi.h is at the hypothalarrric or pi,uitary 1e,.. 1(SiTW!and Singh, 1980.). The
elf"", of endri n On reproduction in eatfish was confirmed duri ng 1 4 w«k
.. posure at sare and .ub lethel COn<:CnUltion•. O, ,. ,-jl n "P upta ke WOJ.-.duC(>.!
at aU phas/:$ of the rt-produc",,, qde . The eff""t on pitu itary and sn1.Lm
gonadotropin concemnuion. wa, particularly ,ignificant during the prespa wn­
ing and 'P3-"'nins phases (Singh and Singh. 198()b), In addition '0 11<e1f",t on
gonadotmp in, endrin induced a ,;gnificam ;ncrease in O''lIMn chob terol
conce ntra, ion during the prcspawning and ,pawning phases. Thi. inc..._ may
rclkct a decrea>ed"'te of s,eroid hormone bi",ynlhesi' tSini/>and Singh. 1900l:).
Similar changes have been n:j>Onedin the female catfish after a ldrin 'reatment
(Singh and Singh. 1981a), Rcccm1} male catfi'h ha, .. been .ho"·n 10 respond to
endnn in a Similar manner to tbe females (SIngh and SIngh, 198Od ~

Gonadal hIStopathologICal changes ha.... been ident ifie<la, a re' ult of PCB
lrcatmem . In the cod testis these ranged from thickening of ,he lobule wall to
di,inlCSr3tion of spermatogenic elements (hffman " al.. 1980). Elr:ctron
microscopic inves,igation of ,rout and carp gonad, "posed to PC B<re"ea led
enlar~ment and proliferallon or the eridopla,mic ...ticulum In the de"elopll1S
oocy,es and damage to ,permatowa in the testi" The eff"" of !'C Bs on tile
'p'rmat~oa may ha"e been d irect or may ha"c been caused b) an allCralion In
cireulatillll androgen concentration' (Si' .. rajah n 01..1978bl .

It ha' been rteentl; ,hu"n that the elfccts or the organochlonne in>«'lCides
aldnn al><!endrin ha"c two m""h.nism, of ""t;o n which interfere ,,'ith
reproduct ion ;n the remale catfi.h. They reduce ,Ile h)pothalmic ~ontent of
gonadotropln . relea.i ng raClOrand also decru<c ovarian senSitivity 10 gonado­
tropIn measured by .uppression of ovarian "P uplake In hypophY'«lOmiud
fi.h (Singh and Srngh. 1981b)

O",,,n()plwsplr,,,~ and ()llIa n(>lN"lrIor,noudptSliritk . Tile effects of Ille
or~noph",phate insecticides mala thion and pa",thiOn on O'''ria n " P uptah .
plluitary and serum gonadotropin and ov"rian and testicular chobterol in tile
ca,fish "ere ~ntrany SImilar to thO$<;rep<>rlCdabo, .. ror cndrin (Singh ar.d
SlOgh. 1980..b.c.d. 1981a). Malalhion and parathion ap""ar to ha, .. a "ngle
mode of action in lhe female catfish by reducing tile h;'POthalamic secretion of
gonadotrop in,releas ing ho rmone They do not suppres' o"a rian sonsitlvit; to
gonadotropin (Singh and Singh. I'lllIb). E>posure of carp to safe ar.d Jublethal
dO$<;sof renitro'hion for 6 months SlgniflCantlym:luc<:<ltesticular arid o''lIrian
3/l,hydroxysteroid deh)dro~enasc l HSDI ",,'i"it) The effect may be secoridary
to the inhibition of gonadotropin secretion (Kapur ~I "I.. 1978). Exposure of
Oumno pU1l,"'OIrL'10the 1SOda}' LC'0 co~ntra'ions orrenltroth ion (I Sp,p.m, )
arid carhar)'1 (2 p.p.m.) reduced or inhibited respec'i'cl;. the prodoc tlon of
mature OOC)l" .rid inc.... ..d tile proportion of atretic OOC)l" arid decreased
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ova rian "",iShl 0,..,,150 da)'s (Saxena and Ga rg, 1978). Ca .baryl exposun: of
fathe ad minno" .. (PimephaleJpromrlas) ror 9 months at 068 mg 1reduced In.
numb<1"of e88S per female and num ber of e88S per spa",n inll and pn:'ented
hatching. The O'"nes of In:a ted fish contained fIac.oid0 .... which appeared 10 be
atreti c (Carlson , 1971). Tn:atment of male l\Uppies in su blelha lcotIC.n lral,ons of
parat hion for 4() days caused a dose ·n:la ted lOhib 'l,on of sperma'oller>esis
.... mblinS the effe<:tof hypophyse<;tom)"and suuesting an .ffe<:ton lIonado­
Iropin (Billard and Kink. lin. 1970). Recem ly lb. insecticide Lebaycid ­
(Fenthion) has been sho wn to cau.. lotal at ,..,.;a of the ovanes of Tilapitl
ln4Coniera (Klinll, 1981),

0,1 Exposu re of a mari ne /ish, ,n.cunner (Ta ulogo/<JhrWJadJ~rJWJ) to a
surface slick of crude 011for 6 months resulted in a signillcant red""lion in tlte
testicula r somat i<:ind. x (Payne n al" 1978). Oil . xpos ure ofth ls $am. species for
a pertod of only 14 da ys resulted in no obv,ous n:p rod "" li" • • ffect (Kiceniuk eI

01., 1980). A t.st of tbe effect of petroleum on troul r.product ion by
admini stration of a diet conullning I·~. crud. petroleum al"" failed to sho'" any'
.ffec, (Hodgins er 01" 1977). O n lhe oll>:r hand , . ... mpl<'s of appa rent
.n,ironme ntal otl_induced l>ep.atic mixed-function oxygena .. ( M Fa ) ac,i, 'i,)"in
fish ha,'"be(,n revi.....-.d b)' SI. geman (1980), Chanl\CSin MFa coukl ha "e eff""L1
on lhe lu mo "er nile of gona dal steroids,

2.4.2 E}feelJ I>f l_gOll ie CmnpOlmdJ"" Sex.., 1 MOlurof itm

A rid pruipilOli"" In addi'io n to h,wing etr""tson II>:'Uf"i, .. 1of .arl)'·life·
history Slages, aCIdIfication of fresh waters has been shown to ha"e significant
n:prod uctive effects on adult fish. In Geor ge Litke in O nta riO prog~ivc

acidifica'il>n resulted in failun: to n:produce and consequen t di$appearance of
small mou, h~, ",.. lieI''' and burbot at pH 6.0 to 5.5. lah troul and lroul percb
at p H S.5 to 5.2. wl"'e sucker . bro wn bulll><adand rock bass a' pH 5.2 1<>4.7 and
lah I><rring, yello"" perch and lake chu b at pH 4,7 '0 4,5, E' a minal ion of fish
af ter II><normal spl,",'n,ng period r.,~1ed that 11><)' had failed 1o .. lea.. Il><ir
1>'" (Beamishn 01.. 1975; BeamISh, (976). Sc' ual ma.lur>ltlonin r"rnal< lelw>1Sis
charac'erized by an oestrogen·st imulated itIC"'" in serum cal::ium con ­
cenlratio n (fl>rre '·;"'" ... Hl>lmcs . nd Dona ldso n, 1969), Female '" hite such ",
,n Geo ,g e Lake did nol show lite charact. ristic ri.. in "rum caburn
chara ct.ris lic of normal maluring fisb. The rise in cal::ium '"''' s, ho,","" er, seen in
Geor ge Lake suckm lransr""ed t<>water of normal pH aod in females <>f oll><r
speclCSwhich '"'"Crt stIll n:producing st>CceSSfull)in ,he acidified ""Ier of Ge<lrge
W" (Beami'h n 01.. 1975; Lock harl and LUll. 1977). Recent in' ·csligation of
tlte . ffec' of !ow pH <>noo genesis in II><f1aglishJordone/lojWridaehas sho"' n tha I
"xposure t<>pH 6,0, S.5, 5.0 and 4.5 int.rf.red with II><formatK," of matun: egg' .
in panicu lar II><d.posi'ion of seconda!)' )·l>lk ""s inhib;led. A' pH 4, 5 prima!) '
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)'olk deposilion ".,.. also affecled (Ruby., 01., (977). In a par all<ll"l on mal<
ftagfish o'~r lhe sanK pH range, p,ooUChoo of malur. 5ptrm was reduoed, the
ralio of rep,odUCli,~ to somalic ussue in lhe \t:SlisWa5deereased and .1 pH 4,5
lhere "'as an incre.... in the number of lUbules devoid of sptrmatowa.
Comparison ,,'ilb ovarian data suggnted lhal l"licular dn.lopmelll was Icss
stnsiti' .. than ovarian de,'Olopmenl to iow pH (Ruby ~I oJ.• 1978).

"'I"o!, Sangalang and O'Halk>ran ((972, (973) reporled cadmium·induced
testicular injur)' in maturing brook lmul. Exposure 1025 1"1'b, cadmium for 24
bours follo" 'ed by fresh " '.ler fOT6 day. 0< 10 p,p.b, unlil deatb (l T. o 21 days)
induced 10'0'" changes in lCSticular colour and .bnormal v... ulari:<ation.
Hislology re,... led haemorrhaglC nee""i •• nd a redUCtionin tl><l,pid cont,nl
(Sudan Black B Slain) and di"ntegralion of tl><Iobul< boundar)' cells. In "fro
incubation of testicular tissue from 2S p.p ,b. cadrruum-trealed brook trout ...-ilh
"C·pregnenolo,," ,nd;c.led a reduction in IIp.bydroxy'tesl'''tero,," and
lesl",temne bi",yntl><si. and. failu'" in Il·ketol .. t"'te",n, bi",ynlhesis. In

";frO incubation of normal brook trout te$lis Wilh 14<:;'plegnenolone in the
pr... """ of 10-1000 1'8 cadrruum II tissue resulted in inhibition of II·
kelOlestostemne biooylllbesi, and an alteration in the pattern of ra<!'oa<:ti,'O
nKlabnliles produced (Sangalang and O'Halloran. 1913), Long-term e.posure
of maturing brook lroUl 10 1 p,p,b , cadmium did nol in8uence spermatogc"",is.
affeet the onSC!of secondary stxual chanICteri51iesOralter lhe Ii"'" of functional
maturit)' Ho",-",'cr. meMu""""nt of pla.ma androgen concenrrations indicated
that 11·ketolCSl"'terone I<,'ds "'Ore higher than l~ in contTol fish and
continued to increast after malunty "hen concentralions we.. decrea"ng in
conlrol fish. In cadm lUm·tllCaledtrOul teStOSleronecOfICen""lion$ ro« later
dunng maturalion than in controls and continued to increase during teSlicular
r.,...sion which occurred 2 " .. to earlier in lreated fish (Sangalang and
Fr«man . 1974). A, trealment waS initialed only a montb before funclional
mat urity . it i$ not clear what effeet earlier trea t"",m ...·ould have had on the
liminll of stxu al matumy. The utility of changes in steroid hormone nKlabnhsm
a$ a test melhod has been re"iewed b) Freeman .nd Sanplang (1977b) and
Freeman n ai, (1980)

Mercuric chloride has been 'hown to ,nftuenc. ~1\2)m", ""t i\'ily in ll>co"at)' of
lhe fresh,,·ater tel<O' 1(CIrtInnt1punetatu. (Samy and Agrawal. 1979a), E.posure
ofli'h 10lhe 96--bourLC, . concentration (l.8 mg I)for% hours reduced ovanan
alhline phospbala .... lllucooc·6-ph"'phalase and h~ ... ti,'1)' ...!til<e'P"'ure
to a .ublethal ronccmralion (0.3 mll I) for 30 da), .,ga,licantly reduced o'''rian
gltICosc·6-pho,phalase and lipase aCli"'ly. Sastry and Agrawal (l979b) have
abo in,-..ligated lbe effeet of I<ad nitrate on "'''rian enz)me. in CMnIUJ
plltt crot .... uposure 10the 96--hour lCse concentralion (13,2 m8 I) for 96 bourn
or to a subl<thal concentralion (3,8 mllll) for 30 da), sii"if\cantly rcduttd
o"a rian acid pho, phatast , alkaline phosp hatase, llluoosc~·phosphatast and
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Iipa$< actlVl'y. The eff... , was grealesl after 30 da Y'. ",d oca'ing a cu mulalive
action of lead,

A T-mille .ystem ha' been developed for mm,n i"llih e SC11.ili,i ly of zebra fish
10 a se' ual aggregahng pheromone produ~ bl con,pecifics (Bloom and
Perlmutter. 1977). Usinglbi. s)"Stemil ba' been .ho .." lbal u posure of f,malo
~eb,-a fish '0 S p.p.m ~inc for 9 da}. elimmalcd Ih, ,, preference for fcmalo.
pheromone-<;o nlaining.dono ' "lIter. The ~inc rnal' ha~ bad a direcl etT<:<;1on lhe
ab ility of ,he nasal or gUSlalory epi'hebum '0 detecl the "",ual aggregaling
p heromone (Bloom n 01,. 1978).

Cyanide> Exposure of fatbead minno .... to 0.019 mg I cyanide for 25<>da)'s
resa llM In a decrease U1egg produc'ion (li nd n Ill .. 1977). In broo~ lroul the
number of eW spa"ned pe' female "as redu~ by lrea,ment wilh 0,012 mg 1
cyanid e for 144 dal" ( KDC:fI'1n Ill .. 1977) '" hile .horHerm exposure of rainbow
Irout 10 001 mI!.l C}'lI.nideinh,bitM lol~ deposition (L:snia~. 1977), In the
jU"emle male rambow I'Qut. exposure to 0.0) or 0.03 mgt 1 HeN for 19 day,
redllClCdthe numbers of dividing . perma'''llQnia b) 13% and SO'/. respectively
(Ruby n 01., 1979). C)'anlde affeclM mlt<)UCspIndle formation gi,·,ng nse to
multipo lar spIndles and mult,nucleale mlerphase <:ells, Bloch ge of nul"'''
resullM m an increase in the number of sperma togo nia in prophase
Spermat ogon ial necrosis al tho h,ghc:rco""entralion suggesled 'hal c)"m,;k may
cause permanent damage to lhe final number of .perma'o gonia pres.ent in t he
testi. and Ih . lower reproduct ive capaclt;

2.S 8<ha"ioun l Displacement (rom Spa"n ing Localion

For ,uCCC$Sfulspa"'nin g of migra'in g fi.hes.'homlng ' to suilable .pa "llinll .il ..
i. esscnual. Ha. Ie, and Iu, co-workors (Walke, and Hasler, 1949: Ha. 1erand
Wi' b)-. 19SI. 1958. Ha<ler, 19(0)investigated 'he l>oming mtcna n" "" of ,..JOlon.
concluding that lbe response to an impnn,cd or COndItiOned odou r of lbe nome
creek .. essenual for gu,d,ng llle fish to 'h,,' spawninglocali ons . Pollutan t. may
in'er fere wilh IhlSm...han"m, .. tnC!'by impam ng cbemo<cnSQTYcapab ilnies. or
by the repellent action of <:erlain to~ieants. Of course. ,i,ual na"igalion and
,wimmmg 'tam,na may also be affe<:ted. Saunders and Sprague (1967)
obser. 'ed l hal pollul>onfrom a base melal min. on a tribula ry of the l>hra mich,
Ri,-., in New Ilrunsw.d 'cause<!adult A'lan",: salmon, ""hieh "'..,.. on tbeir
normal u~lr.. m .pa"'ninll m,gra,ion, 10 relum prema lurely do ""n'l.-..m.
Do"·n ' l.-..m rctum s of salmon roo<from bel"'een I a nd 3 perc.n l duri ng6 ; ear<
before pollu'ion '0 be' .. een 10 and n pc"'enl during 4 years of pollution '
(Sau""." and Spl<lgU<.1967. p. 4 19). This effect "' .. anrihuled to increased
Ie,..k of Cu' · and Zn" An avoidance response 10 lhese and Olher pollutant<
" " . also demons,nlled 10 1at.<>I<Ilory experimentS und.r controlled conditions
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(Sprague ~1Id Dru ry, 1969). A number of IaboralOI) lechniques II,,,",, been
dcw lopc<Jto de l""! such ~ 'Oldanc< feart"," , (Sbclfl>rd, 19 17: Jones . 19-1S.
Hoglulld . 1953. SPnigue. 1964. Hansen. 1969. Scbcrer and No"'ak . 1973;
Scherer. 1979). Thi . lileni lUre '00'" lhat 001 only anadrom o", and care­
drom ou. fi. he, are affecle<!. bu' an) . peclCSusing cbcmorettp,ion for selecling
and maintaln ing. wta ble .pa"'nmg h.ilbita ts ,, 'ilhm their range of diSlrib ulil>n.

2.6 £fJt<clS of Pa rtial and Ful~ l i fe.e,'e le £l<""",,", OIl Reprodlle';"" and
Tra""mission of [ff « 1<,I>Ofro",i ng

Up \0 lhi. poin ttbc effects "Iti<:h ha'''' been d=ribcd are those which ha'''' a
direcl impacl on reproduc tion ~t some point durin glbc ~fe eyclc of lhr ind ividual
fi,lI, [n a number of "udies lbc effects of Iong·term exposure of maluring fi' h on
lbc , 'iabiltly of 'hr .uocec<ling generahon have bocn im'''Sligalw . In lhese
e.perimenlS parame ler< such as number of eggs ovula te<! may be report e<! m
~ddihon to .uch illdi<:csa, egg mortal ity a nd failure 10 hatch in the ,ucc eeding
generation ITa ble 3), In some ""1iC5 lbe olf. prillJl "'e re incubate<!and rea rordIn
",IIer .. hieh con tain.lh e poI1ula n, '0 which ,he adu llS were exposed. while in
ol bcrs the prog""y ",ere rearordin unpo llulOOwaleI', A, before . 'he se long_term
>ludies or l .. ts have been ....lxIi' Ide<!accor,!lng lo lhe nalure ofl he pollul ant and

T oblc J Repr<>d""; 'C ell"'" of .mt>blotics ",11"'0 mo) be~m"fied durinll portw.
or complc,e-Iif«'}-"k ... tI

EffECT OF CH RO~!C F.XPOSL;RE DURING SEXL;AL MATURATION 0 :-'
ADULTS
[:1<10,' in IlU""""KJo
In'''bo,,,,,,of "," ,,"'nina
Reduction in <w prod uced p<r f<mal<

EFfECT OF EXPOSURE DURING MATURATION OR DURING MATURA.
TlON AND SUBSEQUENT EARLY-LIFE-HISTORY STAGESON EARLY·Ll F£.
HISTORY STAGES
En ""IO t
En fCrlloty
fubol<h mortality
H01<hiO\l,"tc
La,,;oj ,"",,,,,1
En to smol, .u"" ",,1in .. Imon""
Correlati"" of .. nohiotl< le'''''',n ad"',aonad> or OW ,.i,h <"and fry lI>OI1ah',

i ' YIVIPAROUS FISH. IMPACT OF ADULT EXPOSURE O~

Embryo ml>rtal"l'
TOlal number of<mbf)()$
Titn<10birth d lint b<ood
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in mos t cases. onl) ,..;enl wor k i. cited as tht><: papcn contaIn ad~uate

rerereees10 1M earlier literature.

2.6.1 Ejf, . u of Iong-I" m exposure 10 argon" ", mfJ<J""ds

CMor ino-teti It}-tfro<:arbo-ls A numbe r of sludies have a nem pled 10 Itlal e the
concen tration of chlorina led hydrocarbons in the O'''nes of dllfcltnt salmon>d
po pulat ions wilh subsequ <:'" <:gg a nd fry morta hly. Comparing rainbow lroul
from Ii'" lakes in Ne '" Zeala nd. Hopk ins " 01.( t%9 ) found thal lhe population
wilh the highesl o, ,,oan DD T It>'d produced eSiS Wilh lhe highest prchateh
mortali ly. There " 'as no efT"'t on rry suJ'\'i>'al "'hich made il difficult 10conclude
lha l e811mOrla hly wa, definilely rela ted to o, 'a"a n DD T in the "" ..cou (Burdick
r i al., 1964). A lettnl Itporl on hatehel') _producerl lake lrOllt (s"I ...lin....
""""'}'l1ISlt) iDdicaleS Ihat ovaria n p,p '-DDT Ic,~b ha"c d"' rea>«t "ncc the
pro hib ition of DDT US' in 1966 and thaI morta lity of fry ba' al,o d"'reased
(Dean ,I 01.. 1979),

In broo k lro"l , '~lmenl of adulu " i th O,2 p.p.m . PCBs (Arno;lor 12S4)
resulled in a d", rcaK In balchl ng rat e fm m 92' .10 72'/~ for egg> reared in fre 'h
"'a ler. Rearing of ew from PCB-t", ated adul tS in wat « co nuaininll,he same
concenl ra tio n of PCBs resul ted in >em halCh " lult Icsslhan I ',. of ew from
con trol adullS sUJ'\'i,'ed to hatch in " " Ier containin g PC lh (f "",man and Idler,
1975). Chmn ic expos ure of fath ead minnow. 10 PCBs at co ncent ra lio ns similar
10 lhe 30day LC" d>dnol int erfere ,,'ilh eil her egg prndUCIion or hatclung and il
", .. concl uded thalla,, 'ae " 'e", lhe masIKnSlti"e nage for the chronic biassay of
PCBs (Defoe" 01,. 19'78) , The sheep,head minnow fry ""'" mO'" .. nsi" >'e 10
PCBs lhan " .. re embryos . ju ,'co llc$ or ad"lts (Schimme l u al., 1974).

Organoplw>plta" . Com plele inhib itioo of rcproduet;OIl O<'CIIrTed when nag ­
fish ""rc cx~ to diazmon fot 21 da ys " it h a peak c:or>=llral ion of 130Jl&II
(Allit.on. 1977). USIng much lowe r conccnlrallOl1$ of diaz mo n. Goodman el al.
(19"19) hne sho"'n lhal the number of eggs pr oduced per female in oheepshead
minno..... ill a very Kn, ili,-. lest for organo phosp hate insecl icid.. , D iazinon o"" r
the dose ra nge 0.47--6.5 ;O-&iloignifican lly reduced the eu prod uclion remale per
day from 32.8 in conlrols to from 22.6 10 14.9 in trea ted fish. In lhis iludy numbet
of egp ,female "'" a more .. nSili", iDdicato r than eilher adult s""'i"a l or egg
fert lllly and our"h'al and growt h of progen}',

Lbtcar alk}"l~n="," :t1i1p""""'''' The 10XlCltyof lhe det ergenl componenl
linM r alkyl henzene ,,,l phona l" (LAS) increas.es accotd inS to alkyl chai n length
Co mp lctc_tifc-cycle "'Sts on falhead mInnows COndUCledaccotd inS 10 USE PA
( t972) procedures indicat ed lhal C , I , LAS had no elf"'l on rcprodllClion up to
t ,09 mg,,1 On lhe olher hand, C,. • LAS al 0.25 mg,1red uced "i'S prod uclion or
mh ibiled spawni ng. This sa meco nccnl ratio n significantly redueed the s"" i, ,, l of



'"
fi"'t generation lan" •. The 'u,y;" "l orseoond generation la,,-a. "'<ISalso low, but
the dlff... ~ in this case "'-a. nol ,ignilicanl ov.;ng lU yariability bet"""""
replicat es (Holman and Mac:.~ . 1980).

,"' uwgera A mode llesl system has been de....lopedusing the vivipa'O\I$leleosl
Pouilia "" inJ a,a to examine lh. effect of mutagen' "" fish rqlroducuoo . Mature
males " -ere either injected with (0. I. 0.2 a nd 0.4 rna,1<8) or immcBCd in lbe $lime
conc entrat,on of lhe mutagen triethylenemelamine. The mal .. "'~'" lhen mated
24 hou", aFter initiation oh",atmcnl and IOdaY" folh}•.-;ng mating the number of
Ii, .. aDd dead embryos ,,'... determined by dissection. Ther ..... as a dose -related
inc", ... in embryo mOrtaln y and d<:<:reasein the total number of .....,bTyo• . Th<
lluppies were more sen,it;"e \0 mj""i"" than immel'Si"". however . the latte r
trealmenl more c1oSt!y simulated environmental exposure (Mathew•• ' oL
1978).

2.6.2 fife.' s of Long_/um E<pcJu r1' '0 Inorganic Compo"",h

Metal.< Chronic exposure of blugill,o cadmium up '0 2140/l1iI1did not appear
'0 alfee' ,he number of ~pawning" Embryo su" 'i,,,1 for the firs' 6 da)'s " ••
reduad a, 239/1&1and .bo,." At 30da)" wrvi,llI wos low at SO.ug..1and 'bere " ...
no ~u,,'iv.l .lx"" this cO""enull,ion, Chronic exposure .t 31 fIB, 1 in 200 mg,1
hardness of ""ter had no ~ignifican, elfec, on rtproduc,ion (Ea,on, 1974). Tile
elfee' of hfe c)'cle exposure ofllapi,h 10cadmium-linc m,x,u"", on reproduc,ion
"'" determined by usessinll spawllillllS per felllOle. 'Olal embryos produced.
embry"" per female and hatcha bIb' y(Spehar tl aJ" 1978).Sexual mal uri,y was !IO'
delayed; howe,'CT.'Jl'l "lling behaviour wUdetteased. The number of ~p;>,,-nings

per female and embr)'o produc'ion was 10"'" in all Cd (4.3-8 .5/11,1l)-z.n
(73,4-127,0/1&.1) mix,ures tes'ed . La""e pre"0usl)' exposed a, embryos " ., re
less sen';ti,., 'han larvae no, pre, ·iou.ly exposed. Exposurt of rnaIeao<l female
zeb",fish to a 'hreshhold concem""ion of 5p .p.m, zinc for 9 day> prior '0
spawning delayed .pawning . Treated adults produced lower numbers of ew
(165 compared '0 4J4), Th= eggs "ere less viable (21~.~ compared '0 9lr.~) lhan
cootrol ew _Su"'i",,I,o hat<hing in normal water ,,-asO.~. in clIP from XIl
exposed aduhs and 63.3~_. in control. (Speranza Cl al" 1977). Possible efree.. of
line on ,,,,key, .. Imon OnMrnyoeh", ",.,ka during fresh""\er reside""y were
in'-estigated by exposinll adult> for J months prior to 'P'''lIillll and embryonic '0
.moll stages for 18 mooths from feniliz.a'ion (Cba plllOll, 1978). Para me,ers
me.... red "-.re maturation 'ime, fecundity, '&8 ,,-.ight, fertili,y and eSll'O .moll
~u,,'ivaL line concentra,ions up 10 112/1g11ill l lle .dult st.g e and 242/11>'1in tile
eml») 0 '0 smoll period did no' ba,-.any dele1eriouulfecl Life c)'C1eexposure of
fa'head minnow. to linc re,-..Ied ,hat"" adhes i"eness and fralili,y w.. e
sen"t,, 'e indica'ors a' 145/1iJhnd above. These were direct elfec.. of zinc dUMll
Water hardening and were no, rela'ed '0 paren'al exposure . H.lChabihty and
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larval 'urvi,,,1 wore r<docedat 2951'1'I and .bo, .. (Ilenoit.nd Holcombe. 1978).
li fe c~1e and partial cbr(}no:;;Iwin g (}[lbe:dfec t <>f'i nc on ",pr oouct;(}n in
broo k trout Indicated no harmful elfects up to S.14J1lil. At 13601'&,1
zinc red~ egg cboron """,gth and redu~ embryo and 12·"....,k 1a,..,,,1
sun"".1 (H(}Ic(}mbeel ,,/ ,. 1979). The guppy ha' been used as a test 'f'<Cies for
zinc 10 determine the effect on d.",lopmc:nt witbou t d ,rect c""tlOCt"nh wa"" .
The" wa, no eIf"'t on interval bet""",n brood' but brood ,"e"'as significantly
'cdt><:edat 0.88 and 1,70Jig 1and thi:sta ndard length e>fyoung al b,rt h was alw
significantly reduced (U,'iovo and Il<any. 1979). In a rce<nt lonll-term 'tudy on
tbe elfecl of zinc on n:prod\lClion onthe gUPPl_the mosl ",nslti, .. ,ndicator ",..
delay in femal<maturat,on, F......r females "'. re matun: aft<:r71l-<1ay.~ posu r. at
0.173 mg.,1.At 0.607 m&,lf....'a f.males go"e bin h and the:tim< until binh of lhe:
firs! brood was increased. Tnmsfer of zinc from adult to . mbryo OCC-Ut$dunn g
pregnancy and ""'000 g.neration guppies W·.n: b.s S<llsiti, .. to zinc .~posur<

(P\<:rson.1981),Whit. suck... (Coto'l0""'" <:<"nm,,,s,,,, i,) ha" c been sho"ll ,n a
field <ludy 10 r<spooo to decreased opa"o inll success. egg size •• gg and larval
'ur ..h·al and life sp.an induced by Zn. Cu and Cd b}' ro mponsatory inc"'a .... in
growth ral< and f""und ity and earlier rnatutation (McFa rlane and FraltZln.
1978)

To <SIablisha no .If""t conc. nltalion of copp<r. ~rling broo k trOUt were
e'poso:J to 4.5-9 .4I' g Cu 1 through >pawning to 3·month juveniles.
Mea' urement of Cu 1<,...10in ova indicated that nOCu w·.. passed from pa"'nt to
egg at 9.4l'lIi1 or below and no significant ad"er« .If""ts of r<prod uctlon "'en:
obs<"-ed (number of mature mab and females. number of f.males sP'l",.iog.
mean sp.awningspor female. m.an "iabl< .gg' spa"'ned por f.male). H. tehabilil}'
was signifitantly reduced in on< r.plical' at9 .4Jig I but not in the other (McKim
and BenOiL 1974).10 blu.gill, spa""ning ,,"s inhibited afta 22 months exposun:
to 162 1'1 1Cu but not belo" thi' concent rat,on, On the other hand . ,u,.,,,,,,,l of
ta,,'ae from noo-<xposo:JP'lrent' ...... t-educcdat 40--162I'g';l Cu i ll<noil. 1973).
Chronic e.posure ofr-t head minno",s to coppor for 0.3 and 6 months prior to
spa,..ning t-educed lhe numbecor eggs prod u<:e<!por fcmak . Egg prod uction "'as
correlate<!with co"".n tralioo . nd "'as .ignifitant at 37Jlllfland abo~e bul "' as
not correlated with ti"'" of e'posure (Pickering., al" 1977).

To d.te nmne the elf""t of chron ic lead .. posure on reproduction. 3-}ur-<>ld
rainbow troul "..n: exposo:J to 6 3OJlg,1Pb for 9 months io soft "'ata prior to
>pa"'n inll-Natural spa" 'ninll (recommende<!b)' Bm ngs. 19'69.for determinat ion
or MATC) ""a'nOllOChie,-edand lhi: fish .....n: >pawoed an ificall}'. Sua:essful
hatching and viable fry "'...re obtained from at least on. ou t of each pair of trout
at .ach concentration . The u rly·lir.. history stages were more S<llsil;'''' than
adults especially "hen exposure ...... initiated attbe egg slage (Da,1CScia/..
1976). Exposure of zebrafish to mercury in the rorm of phenl'lmercu ri<:acetate
(use>:.l,n the pulp and papor mdustry) at I Jig I Orabo, ... reduced tbe number of
eggsspawned, po<sibl~ b) innuendog muscularcon traclion during the 'paw'n,ng
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procc .. . Eggs fromn~ remales Ifleubated ,n pure "'ater showed a Io"'cr
percentage batch do" 'n 100.2 " g L Ihelo"'esl conoc:nuauon lested by Kihlslrom
e' a/,. ( 197 1). In a three'gcn cralOon sludy on brook Ir(>l1l lhe MATC for
m<lh)'lmereur y ",,, 'bo" 'n to ralilO bel" 'een 0,93 and O,291<gHg,d (Me K,m
eI al.. 1976),

HJ.ghpH The ehronlcdrectof an alkaline enVIronment bas been enmined
by exposun: of the guppy 10 sodium hydro~ide. Fecundity " '8$ oi<:<nasedand
nUlIurit)' ""'s e,the, Iale or p.. matu .. , At 25 m8 I NaOR only 66,6~·. of f=>ales
prooueed progeny while at 75m81 and abo"e no fish reached sewa l malurit)'
(RuStarnova.1979).

Cyanide Life cyclel<:$\tngof h)droJOn cyanide in bluegills has ind"'ated thaI
spawning inltibnion i<tbe m""t $Cn,iti,.. reprodUCli'.. indicator, Spawning was
compl etelY inhibiled after chronic exposure 10 5.2 i'll- I and abo, .. , On lhe other
hand. fr}' survi',,1 was reduced al 15 .6~19,4 i'1l.I and ju, -eniles ".-erenot affected
bel<>" 53.1 i'g I (Kimball elol .. 1978)

In the falhead minno" the number of eggs per remale ,,"~ "Ilnif",anlly reduced
at 1961<81HCN and egg hatchabilil) wassigniticantl)' reduced at 44.2 Ji& land
abo ,.. , Computer simulation indicated that a population would be dri, -en 10
e"incl",n by an &0'\ reduct,,)n lit recruitment 10lhe ,pa"'n ingSloc k. Thi' "-ould
occur bel"-..n 44.2 ""d 63.6 i'g I based on redoced f.. undity alone (Lin<!el oJ..
1977). S,udies on broo k troUt "loth Invol,-ed nposure 144 days prior 10
spa"'ning and 90daY' into the n",,' Ilenc:ration indicaled ,hat the MATC was
betw..." 5.7 and I L2i'1l.1 HC t>.based on rep roduction data , especiall)' eggs
,pawned per female (Koen .. rial.. 19771.

J ACfUA L OR POTE.'T IAL TESTS BASED ON
EF FECTS 0:---R(P RODUCf IO",'

In lhis ... ,ion poten tial testS wili be dISCmsed In lhe eonle~t of ,pecific
ontoge""tic SlajpOS.In <onsidennK lhe sui",bihly of a potenlial teSt method il i'
important to consider its reaSlbtlit) and pracllC~hl}, ito eM""" of wide
:occepLaI'llX.its Stns;li"i\j' 10' enobio tri and its can e1f.. ,i'·en .... Wi' h .... pecl to
the laner en,erion rapodonhon_term ,tS.. woold normally be e,peeted 10ba"e a
cost advanLage O'n life <)'Cit leSlS;howe-"' .... "'" potentia l rapid teSts in"ol".
the use of relati,,,ly sophislicated equipment ,n an approprialO laboratory
environmenl. AnOlhcT significant aopect of lhe Stlitab;hly of a test is its
appbeablily. To be relC\1UI1il IItU$l he applicable '0 speaes of fish which are
Important from a commercial. recreational or aesthetic poinl orvlew . Preferabl}'
It muS<also be applicabl. 10 a range of chemicals or partiocularly suiled 10 a
,p«:ific gronp 0( chemicals . [n the case of migratOr) specIes ,be ICSImuSt be
appbeable during lhe life-hl"Clr) Slage 1M' the fish are ""posed . In this ... tion
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some polential or parliall}'de"eloped lesl' will be br" fly rOVlew~

3.1 GaIMlos aad rorri lizu iotl

In the nu.joril) of lele... ls lhe gametes are relea.ed direcll}' inlo lhe aqual ic
e""iron~ntand ferlilizaliOfli' eXlema l.The t.. hng for diTtClerre<:nof chemicals
on gameles by mea~uri ng I":",.n lage fertilizatIon afler exposure has merit for ilS
rapidity aad iI' relc'-aoce to , ilual ions where fisbare e,posed 10po llutanl' Oflthe
spa"'''i ng ground s_The procodure dc-'e1oped b}' Billard permilSe'lension of lhe
normaUy VeT)'briocfperiod bel",ccn gamele relea~ and fertilizalion "'it h a
co"",,qnenl i....re.~ in ~n,ili'-;ly (BIllard, 19780. b , Billard ~,al. , 19'n)_ This il
accamplilhod b}' exposing sp<rmalozOllin a medium containing polassium, and
by halebing eggs during expo. ure in a bulfer ""IUlion which mamlains t he"
capacilY 10 be fertilized. Percentage fen ill,atio n Oan be delerm ined b).'examining
mlaCI or cleared eggs using a 10'" po"-er microscope houB or day. after
fertih2alion. <lepe-ndinllon .pecies and lemperalure of I....u!lal;on

3.Z Mortlllily Tesl~ Durinll Earl,.-lirt-histo~' Slalles

For cady .life.hislory mortalily teslS In fish lhere ha. been con,idcmbk
d""'us.sionm lbe lIteralure con.. minll the lime 10 iniliare exposure_and the lune
to lerminate exposure and a>scssthe total monallty. It is Kt'ne.-al1y.=pI~ lhat
lbe egg is perme.ble np 10 lhe lime of Wate r harden ing after which lhe chorion
becomes relal i,-oJy impermeable _Thus more pollUlanl is liable 10emer lhe egg if
it i, exposed immodlately after feni li~ation _ On lhe olher hand. in wm e spec"s
",'here e811ferl~il) is nOrmaU)'relati,,,I,.. low. expo,ure is not inilialed untd the
nu mber of unfCrlJlizedeus has been~ or lhey ha ,.. been remo' -cd In
lhill respecl... lmonid eggs ha'-e lhe ad'-..nlase of bilh fen illty (98- 99". fOf
Onrorh,.nc-l,,<s.peele> at lhe Wesl Va....ou'''r Laboralory) _W,th regard 10 lhe
durat ion of exposure prehalCh cmbr)onio monali ty can be assessed bul il i.
u' ually advanlageo u, to "ail al lea' l until hatchin~, a, ,u=s~ful hatc hin~ i. a
very sen"'i" eand alsod ear-cul paramc,cr, Thenul mileslone is the survi,,,1 and
successfululilization of the yolk """,r"e dunnlllhc yolk.sac larva or ak" in " aile
culnunolinll in lhe SlICC... ful Inilialion of fttdinll_ To achiol'C lbe greatest
seO<llivily.nd allow for lhe f.. ' lhal some<hemicalsarc more IO~ic at one earl)'·
~fe·hi.t~ Slagerather than anot her, e_ll.sen,il i,,,y of muskellunge10arsenic al
,wim-up (Spot ila and Palad ino, 1979) il i. necessary 10expose from fertilizatio n
IhroUsJt 101i.. 1fttdinll. For lhe reason, menuoned above. some lei .. stan after
a..... menl of elli fertililYand many are ICl'minated prior 10first fttding. Othe",
ha, .. been ronlinucd Ihroup 10 a laler stagr c_lI-smoilinilprepamlion for
srawal.,. enlry) in salmon ids_

McKIm ( 1977) "' '' ioN'ed 56 pani al- and complete·life-cycle leslSin"oh 'mg 34
organic and inorga nicchemicals tod etrrm lnc Ihc moll sen. ;li"e life hinory . 1age
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for lesling parpo .... The r..-iowod les\$ wttc coM ""ted ao:oroing to method'
",,"ommtnded by lht US En, ',room"'ltal Proleclion AgellCy Commiu ee on
Aqu atic Bi"", say. (USEPA. 1972) on fathead minnows. blu. gilil. broo k lI'out.
and IIagfish. In all bul 10of thc:sc'est< lhe .mbryo--Ia ....al orearly ja""'lilc Slages
"".relhe most SCOsiliv. and lhe MA TC eSlimalc \lSmg 'hcsc earll -lifc--history
nag.. was similar 10 the ac' ual MA TC "alucs dClcrmined b)' parliaJ ·life·qcle
lCSlS(ju"(1\11cIhrou gh aduh spaw'ning to 3 monlh s afief ha'ching of <ltrspring) or
c<lmplete·life-eyd e leSlS (embry05 or newly hat<:hed larva' through adult
sp" ,,'ning 10) monl h$afltt ha!Chlng <Ifoff.pring) . In 10of the leslS lhe early.life·
hiSlOfY.Iages w"re not Ihe m05l .. nsilive. adu ll spawnin g. gro ....lh <Ifmorta~ty
b<ing approx lmalely twice a, "nsili"e . lbese 10 Ie... invol •..,j effect< of
cadmium. lead and zinc in lhe f1agJish.melhy lm<n:ury. chl<lramn... . Galh lOn " .
lindane and triOuratin in lhe fa thead minnow and alrUlnc m ltlc broo k troal. In
ttlcca.. of cadm IUm. repea l lcsts m lhc f<lrego ing.peeics indica led lhallhe earl)'.
Iife·history stages Wttc lhe m051 sensili>'e. In lhe cas< of lead. zinc and
melhylmercury. lhc early·lift-hislor y SlaJ:C$....e.. lhc m051 ""si tive wh"'l olher
leSl species""ere used (McKim. 1977),

~1ac.k and S!cighl (1977) ha, .. a "" compared early . life-history lests with life
cycle tests . The)" ha>'e identified three criteri a Ihat mu.1 b< met to permil lhe a..
of .a rly.lift .hiolOfY LestSto d. t.nnlnt applicalion faclors. Firs l. lhe chemical
mu>! nol exhibil .ign ificant rum olali'" loxicity; oceond. lhere mo", b< a ,ingl e
mock of aClion which man if.. " its effecl in a relalively shan lime and thi rd . lhc
effecl muSl b< m051 d. leltt iou. m ,he .arly life <lag.' , Chemical. reported by
Macek and SIe,ghl (19 77) ""hich do no' mefllhese criteria Inclade ~inc. k ad.
chromium. malalhion. toxaphene. diazmon and phosphorus. Of lhese. !cad.
Chromium and dia::cinonare camalati> 'e and line and elemenla l phos pbnrus are
known 10 haH morc lhan one mod. of aclion,

3.3~ .\ Itd akl Erobrj o Tn l

Further ,o...ings in lime and .. ",UrttS over ,bn .. achic>..,j "''' h the
embf)' o- lar>'al test may b< pos$lb\c ",ilh a proposed lesl bascd on lbe u.. of the
trRn,paren, egg< of lbe medaka (Ory: ias Ia"p<'s) (St05Sand Ha Ines. 1979). T~n
egg< wore placed soon after r.rtilization In 20 ml lCSI ",IUlio n in 23mlllCrc'" lOp
>'ialo. Mona l" ... and de ... lopmenlal abnormalities ""ere nOled up unlt l and
includ ing hatching . Using lolaene a. a lesl loxicanl . ,he embryos were morc
.. n, iti"e lhan larvae . St05S and Haines (1919) consider lhalthe method ma}'
pro'id . a limplt and rapid too l for eslimaling MATe. Tho lIS¢ ofmedah .gg.
for teslS has also beenadvocaled by Lcung and Bulld el (l979) ,

3..4 P I'"""","" Guppy [ mlH"j O TCSI

A model lest system for lhe e\ 'alualion of ......ter -borne mUlagens ha, been
proposed '" htch involves injoclion of male guppies. follo" 'ed bydetenn inalion of
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embry<> morta lily and <ot.1 numb<e of'mbryOf In f"""lt:s f,,..,,h,,<:<1by the
\rt alM males (Matbews er al., 1978) Embryo nic develo pment in the guppy has
aloo been used a. a teSl for rinc_In thIScase . the crit,rion wa, th,.ize of young at
birth (Uvi<)vo and Ileatly< 1919)

3.5 C)l"l"ne lic Ttsts' OI Embry...

Recently the potem ial fOf using cytogen . tic abno rma hu", in Allan, ;;' ma. h,..1
(Seombt-,scombrw-jeggs as a 6eld lest fOfxenobio t;e,; in the natural en'ironment
hn tM:<:n invtSligal<:<l(Longwell and Hughe<_ 1980; Sind....man ~t "I.. 1980)
Al"kr further =,..h on the qllanlification of specific mutallen;;, ev",,1S and
compariso n wi' h ap propriate .o nteols lhe ' esl may he validate<.! for the
monitorin g of planhonlC mari"" eS&'in the ~Id in areascontam inate<.!by heny
metal. and <ox;;' hydrocarbons,

3.6 Tests BasedOIl H....mortal Contr ol ;\\..,ha ftislro;

Reproductive d....,lopmenl and "", ""nins depend. in fi5h as in OIlier ' -enebra tes
on Ih. pro: ise o"'he,"at ion and seq.nel ns of numbe r of inlee_tt la, ed .".n"
The .. ,"enlS are largely coordinaled b} Ih, endocnne 'Y'lem through changes In
th, production and or release of hormon'" from lhe hypolhalamus. pituitary and
gonads (Figure IJ_ I' is to be uP«'led 'herefo .. . thaI Ih. deleterious e!feelS of
chemicals on reproducti' .. dcY-elopment"'ill appear 6...t a. <hani'S In one or
mott factts of Ihe control mechanism and laler as impairments of gonadal
d..... lopment a nd or ,pa ,," ing , A]'hough only • limited amount of m.ean;h
effort has been dO"ot<:<lto date <0 the in'-e:lligation of the effects of poi lutam
chemicals on reproducti", control mechanisms. il is already apparent lhal then;
att .. "......1approaches "bieh may lea<! 10 test methodologies, One technique
explored by F"", man and .o-wor k.... im'oh'es in )'ilra irw;ubat,on of gonadal
tissue from ex~ fish " 'i,h n.Jioolabelk<! S!CTO;,J p=ursor molecules 10
determine ehanlles in steroidogenic path",,)', leadinllto the production of.ex
"eroid' (Frttman eI af.. 1980), A second technique im,, " CSthe di""'t quanti6 ·
cat ion of reproductive hormoneco aceOlrat ion. in the endocr ine glands or tissues
or in the blood pla,ma of exposed fi'h . Changes in androgen or oestrog.n
corocen""tion, ha"e been monit ored by Sanga!an g and f "", man ( 1974) and
SI"arajah .,al , (1978a) and cha"$Cs in gonadotro pin and 1l011a<!OIroplO_
releasinS horm o ne ha"e been mon ilored by Singh and Singh (19800. b. 1981bl,
The'" is mucb scope for funher re>ean;h in lhi. area u5ing radioimmunoa .... y
.nd radi oreceptor a.... }' techni ques to moni'or changcs in the abo'-e hormones
and other hormones whicb are invoh 'ed in reproduction sucb as the pro­
".glandin,. rorticOSleroids and thyroid hormones , Cortis<)trroid measurement
has altta<!y betn use<!to quantify lhe c1assiealSl,"S response in fish to pollU,"nts
(D<lnaldiKIn. 198]), A tturd ,es, melhodology "hlCh ttla'" to hormonal contr ol
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mc<:hani$lll$ i$ Ih~ mea$urtrnttll of chan~ in lhe hepalic mlXed·funclion
oxidase system (MFO) and its influenc. on gonadal steroid melaboli,m, These
effecl$~an be monilored by m~uunng !e,'el$of MfOactiv lty in Ih~ field or In lbe
laboralory ( I.« ttaL t9W) or by mU$unn g <h~n~ in lh. ral. of gOlladal
sleroid n><laboli$m in .xjX>Se(!fish ;n ,·;tro (HarV<'y, 1972) Of in "i"o U$inll
teChniques $imilar 10 ,how whiooh ha, -. betn de--.Iopcd for lhe quanlifJcalion of
oort;<O$t.roid half·lives. mnabolic clearance rates and secr.lion raleS in fish
(Donaldson and h~rlurtd, 197(1,1912: Fagerlund ond Donaldson. 1970).

J. 7 Tts l!l In.<;>hi nK InlUbi' iQn or Sp... n;ng

While meuuremenl of <hanll"$ in hormonal ronlrol mechani'ltt$ pro'-ides a
rtlallvdy rapid tesl m"'hod. ~hroni!: lesU $uch as partial. and full.lifc·h'llOry
leslS, have often invol"ed meuurem.nl of spa ...ning inhibilion . n.es., lesl$
normally in"ol". upo$urt of'l><:fish dunng se~ual maluralion '0 Ih. chtmi<:~1

pollulanl in an en"ronmenl whi<:h ..-ould normally be ronduc-i"~ 10 nalUral
spawn ins Tesl end·poinu indud. d.la}' in maluralion, inhibilion of sp,a..ninll
and reduction in .ggl produced per femal ., An .~ample of lhis type of lesl
in"ol ved eXpo$ure of medah to lhe organ<><:hJonn. Kepo ne at I p.p,b . T ht
percenlagt of medah producing.gg dUlChes declined 10 zero o"er a 25 day
perioo (Curti$ and lkltn. 1978), In se".. al panial. and romplel.·life-<;ycle tes"
revi.... ed by M<Kim ( 1977) failure 10 $I'l\wn w.. lht mO$Isensili'-e indicalor

J.g 011.".. R"productl"" T"'" Mtt_oIo gies

A numbtr of other .ffo:cts de"' ribed in lh" .ffo:ct' se<.:lion (5eClion 2) rna}' ha""
polenliaJ for dev.lopmonl ofl .. a aft« funher restarch. TIlest iro::lud. inhibilion
of response 10 .. ~ua l aggregatmg pheromon •. Inhibition of spa ..ninll bo:h~viour,

quanlifiauion of changes in $l.... oidOlll'nic and non·$((:roidogeni!: .nzym .
,y>tem$ in lht lesl;und o"ary and hi'lOl'l\lhological assessment of gonads . Also.
10 evaluu, lhe dl"o:ctof ~hemj,oals on anadromou$ $p!Xir:$ouch as lhe Pacifk
loalmo", il ~hould be poss;ble 10 ~~pose lhe 60h lo <hemical0 in lh. earll -life-­
hi'lo ry. prt:Smoll or smoll $lallCSin fresh or bracki$h waler, mar k lhe fi'h " 'ilh
<oded ...ire tags, rel.a .. lhern ,nlo the oetan tog. ther with controls and lal"r
","'aluale the proportlon of broo k Olock mumlng from lhe treal.d and ~ontrol

group$_

4 STAl'iDA RDIZED TOXI CIT Y T EST ME1l-IODS lV>SED O N
REPRO DUCTIV E 1:'>IPAI R.\t E/Io'T

The finl pan of our re"leW ilhi"nued a mullilUde of .tTo:ct,on ...productlon and
. a, I)' lif. S1a~ of fi~h, largely reported o' "r lli. pa'l to or IS y.ars.

h was obviouSlo .xpe<:11hi~ kno..-ledge of efftc1S10be:ulilized in propo$als for
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more ad'''r.ced testing ('hazard MSeSSmcnt") proced ures. ThIs dC"cl"pment hal
ta h n plac. indeed. alth"ugh a lag "f >overall.al'S !:M:twecnpresenta tton of data
in the primary literatllK and !heir applicauon and ,..nficahOn in standardized
and g.n.rally ac«pt«!test melhods and prooe<!ures is inC"itabl•.

4.1 APH,... AWWA "'" WPCF T<;.ts

The 14th edItion of Su",d",d Mn N>d.fI '" IN Extlmmm ilm "I W"'.r ilTIdWall.
W",.,published jointly by the American Public Health As.soclltion, the
American Watcr Worl.$ Associatton and the Wat .r Pollution Con trol
FMe ration in 1976. was the fil'Stto includ. par tial· and complcte·lirc",)'Clc tcsts
whicb could re"cal .rr",u on reproduction. A parti ll .lifc",)'C1e test usuall)
dOlcrmin.. dfeclS on onc to t,, ·o life s!ages of the fish•• ·1 . cgg and alc\lin. fr) '.
ju"cnile . adult . Complctc·lifc",ycle t.. tlnll co' .... and . ><eccds on. lIcnera""n.
c.lI. from F I adult tn .JlSSby F,. The latest (15th) Mition of SI"ndtrrd MerN>d.f
(Anon. 1981a) descrilxs ,e.. pTOtocols for t"'o fresh".-atcr fish (Sall"('/imt:l
lominili u. PiltU'phtllt. pro_las) Ind two mar inc or .. tuannc species (C}prinodon
'wi. g"", •. M.nidi " mhIid i,,). ThO$<;proced ure. are presen'ed a. 't entat i",,', i,.,
future moditicati ons are ""pe:;tcd . The four spc<:ioschosen are tnt.nd M to se" ..
a..... mplcs or mod.ls for working ""h nther fish. A list of 58 more speci.. 'that
ha, -c been used' (in ,,,rio,," kind . of tests) is giwn, ·Ho we,,,, . only about IS
species hay. been used "" ",,,,i ,'cly and of these. only I fe... fresh" 'atcr species
ha, .. been used in lifc.<:),,1et.. 1O. Until recently. f.w marine fisb w.re cultured.
reared in th. laboratory. or used for testing' (Anon. 1981a. p_723).

The recommended partial -lifc-<:ycletest description uSIng the broo k trout
(Sili;'~hnUJ lom;n ,,'i.) presents tochnical and app;trat i,"<requirem. nts in some
detai l. c.g. shape and flU of lIrowth ohamberJ and 'pawnin g tan k., bo~c. and
scTttn egg rcta incn . folloWIng largely Benoit (1974).Also 1\1'-"arc guidchoes for
flo" rates. t. mperature and liiht regime",. fcedinl density. to~icant doli, ·cry.
dilu.nt wale . qnality .1<. If ,he 'est i. begun " ith ju, -..ilcs . 'hey a~ to be
oollec'ed no lat .. ,han Man:h I for acclimation to , .. t tcmperatu~ and " 'ater
qua lity 0'''' at lea" I month. b posu re should Sl~n no later than April I. to
allow an .,posu~ of about 4 months bcfo~ secondar)' or rapid growth of
gona d•. R"' ord od arc : number. woigh15a nd lengths of immature males and
fcmales attbe beginoing of the test . aft.r 3 months. and "'hen terminatinll the
teSt; indi'idual "'ei ghts and tot al lens ths of normal. deformed and injured fi,b ;
number matunnll, monaht y dunng the test. number of spa" ...inp and eggS.
hatohablli'yand fry suryival: growth and deformities: ~an incubation time
Results a~ compiled for .ach test c""""nt rat,on and Ina lysed ."'ti't ocally for
si8nilioant differences from control s_

Mainly because ofi15 shoo life lpaII and ease ofhandltng. the fath~ minnow
(Pimephal•• prl'''''''aJ) beca me a pop;tlar 'bioassay' 'pc<:ies (Mount an d St. phan,
1969: Brungs. 1969: Pickcnng and Thatcher. \970: Eaton, 1974).and Wa>
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ind uded in S'atUklrd .\lerhods a, l be recommend ed fre, hwaler fish for" hole.-Iife_
~ycle te,ting,

The:apparalu,. equipmen l and requi"""en« for ftow ralt:. aerallOn. dean ing
<IC .• are m gene,al .. mllar 10 lhOS"described for ,lie broo k 'rout. S'''X fa'lIead
minno".. depooil tlleir eW on tile undersides of submerged objects. in'ened
halves of l,le. each end ,ead,ly a..,.." ible 10 llIe fish. are placed ,n ,lie ,pawn ing
lan k" Regardless of llIeact ual da le llIeleSl is Slaned , photoperiod . are adjusted
'10 that the eslima,ed or mean spawn,ng dat e of the /ish used 10 ,Ian tile
experiment corre,ponds to the Eva nS"ille. Indian a day length of Decembe' L
Tills ISmeanl 10 prov'ide consistent. compa rable prespa"'n,ng e"PO'ure ,

The tesl is begun with liftj l- S-daj -<>ldIan... 10duplicale spa"rung tanks for
each test concentralion , Al day 60 ( :t I or 2) of lhe 'esl. injured or crippled
uid,, 'K1ua l<are """,,\'ed and lhe number of fish in each lan k is reduced I" 15
When fish appear malure and ready t" spa" .". ' ,pa"."in g til.,' are inu oouced
int" each tank. Egg, are rem""ed dailyata fixed lime, Fifty unb roken, randomly
selectal cW from a <inille,pa ,,'ning are pla<ed in en i1>CUbators'" d<l.rm ine
,'",b ililyand ha",hab,hty. Each day h''t.nd d.ad ew in ,ncubalor cup' are
~ounled, After 4- 6 d.ys, I.,,· • • begin 10hateh , If .nou gh Ia,...... are f"und .he,
40 are selected al random .nd tr .n sf. rred 10 a larv.1 ,'o"' lh chamber 10
deter mine survIVal and gro"' ,h of the <ccond generatio n, f rom egg<in dupli~atc

la nk" larva.... used for 3(l. . nd 6(k!a) ' gro"lh and su,, ·i,.. 1 eapoo ures.
Precedu.... for tile F , generation are repealed todelt:rm ,ne .tT"""on eus . Ia" .. e
and juveniles "f the F , g.nera lion. Recorded are: ""lal number .nd Ienglh of
normal and deformed indi\'iduals in each lank atlhe.nd of 30 and 60 day.. for
each generalion , tOlalleng lh , " 'eight, and number "f .ach sex, bolh normal .nd
defo rmcd, atl h•• nd of tcSlS; mona lily duri ng the I ., IS; numbe ' of spa"." ings
.nd (US produced in each and tOial egg pniducl i"n by each genera li",,;
percenlage of Ihe eil!" hatching; number and percentage of 1a1'\'ae sunw,ng and
grow th of fry as well as def"rmilies prod uced (Anon, 1981a, pp , 736-73 7),

Comparali"el) ' fev.' marine and .,tuanne fishes hav'e been cultured ,n lhe
Iaboralory. difficulties in .. arin g lhem paSt yolk·uc abso rption seem to pc"ist.
One of lh. more managea ble species is the eur}'haline and curythenn ,hcep<head
m,nnow, Cyp,/nQd()n"a,iqa,us , Egg, can be obta,ned by nalural spa " 'n,nilOrby
inducing egg producli"" anificiany through injecling females inlraper; lone ally
Wilh W IU of human chorionIC lIOna<!otroPIChormone . A' 't rag< production is
about g eggsper parr perda y; hatching occurs aftcr 5 day, at 30 C.nd ... linit}'
between 15 and 21)'. , After p lacing the ew in hatc hing chambers for each
tOxic.nl co""ent rah on .nd contro l, . ha tch,ng i' monno red. Su",i ,,, 1.nd growlh
ofembr yosand fry, providi ng the parenlal510c k F" i' recorded daily, Durrng lhe
firsl 2 w«ks, ne" Ij' hatched brine shrimp ,,"uplii are fed, supplemenled o'er lhe
follo,,;ng 2 "·ock. ,,'ilh dry \fou l pelJclSor dry mollie ftakcs. Gro" "h . "'tight,
.u ....'ival and deformities for each tesl concenlratioo and conlrols are decumcn ·
led . t 4 w« ks after stan of 1., 1, The fish arc lhen placed in JIl'Ow'hchambers,
,ubjected to a prescribed feeding regimen (each bate h of food checked for
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posSIble chemical contamina tion} and meaaured agaIn at 8 ".-eeks.When fish
mature. "'paratc pairs are put in spawning chamb<'rs. 10 pairs for each les\
c<lncentra\ion and control•. When fertilized eggs ore produced. lhey are placed in
hatchIng chambers. continuing lhe e~posurc and moniloring procedures as for
F" "'ith recoro. of time reqUIred 10 halch. halching success and ~ur"ival of
embr)'os . After enough eggs for exposure of the F, gcner~tion and for 'tati'tical
comparisons of fecundilY. fertility and su" i"aI of embr)'''' ar>dfr)' have been
obtained . lbe ~pawning pairs are measured. ",.. ighted and lermmated, Eggs are
then e"posed and monitored for each to"i.eant concentra tion. and held a'
controls in lhe same manner as for lhe F , generalion. Althe end of another 4
",-eoksthe test is stopped,

The fourth and tast lest ,uggested m SlandarJ Mn!w<b uses lhe Atlan!!c
Slivers>de, Men"iia meniJia. a s;>eciesoc<urring in estuarine areas of lhe Nonh
American east coas t, "",ologitall} impona nt as food for pred"" iou' fIShes
Althoullh its life history and biological r"'-!uiremcnlSseem 10be " .. n known. il i.
difficullto mainlain for e"tendc<lperiod. in lhe laboralor) ; lhi' fish. panicularly
in its la,,-al S1age.i' wry ,uscepllble 10damagc by ph)'sical handling , Therefore.
only pania l.life-c}':le tesling i' proposed. beginning with ripening adult< or
ferlilized eggs, Spawning oc<urs from Ma", h (0 AUguSl. "ilh about 500 eus
per female. Malure aduhs con""'ted in lhe field are held in "a1er of 2.4 2,6\
salinil) al 22 c."uh conlrol of lighl inte"' it)' and periodicil)'. Tiley are fed with
dry fish food, brine .hri mp, copepo,h and mIncedclam' or mus",b , Ripe femak'
and mal.. are stripped. mill and eus are fen ilizedby .tirrin~ The gelalinoa<egg
ma"e, adhere readil)' \0 nylon or pol)elh,kne ' t"ng'. these are lhen suspended
III flo" -lhrough e"p"'u", and comro l lanh . Normally halChlng will be
(Ompleled before day 12 after fertilizat ion, At thi' 'lage of the (.. !. the egg
clump, are examined. and if there are no indicalion, of further halchlng. the lCSl
i. lermlnaled, The end-po,nl' compared are Ihe numbers of Ii"e ""ti,'e Ia,, 'ae
deformed la"a •. unhalched egg•. and lheir dewlopmenlal Ilage.

4.2 ASTM Draft Guidelinefnr To~idl)' T.... " ith Earl)' Lif~ Slaj,'eSor r .. "",

As mem ioned abo, -•. the lesls described or oUllined in SlanJarJ M~lhoJj are
now L lentali'-e and , ub)""'t lO re,'i,ion and upgradI ng Ihrough experience and
On-goin3 """arch . The Arner",an SOClelYfor Tesl",g and Mat.ria l, (ASTM) i,
curren tly providing a vehicle for arri" ing al fUrlher methodologICal develop·
ments b) use of il; panels of expens. e.g. Subeomminee E-3S,23 on Safcly to

Aquat'" OrganISms. Subcommltlee [-4/ .01 on ToxIC Effect' on Aqual""
Organ""". "i th a special Task Group on Early Lif. Stage Test' ",-ith Fi'hes ,

A revised draft of a propo>.e<!" tanda rd pracl ice for cond UCling t""i cily les"
wilh the earl)' life ' tage>of mll•.- was produ ced in 198L No compk te·lifc-c,de
testing i' anempled. rendering lhe lesl procedures shoner and ea'ier. Still.
according to this e~pert group. estimation! of chemical hazards derived from
these lests ha"e been shown 10 be ,imilar to those based on wliole·life-<:l"1etest>
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(see McKim. 1971:M=~and Sleight. 1977). ThefoliowingliSlo frecom mendod
test speciesi$pr(l\"ld ed :

Frt,h~'~ler S"It~ '",er

Coho salmon. O"~o,hJl1cn,,, kuu'ch Sheepshead m,nnow. Cyp'inodo"
Chmo~ salmon. O. tJh""'')'lJcn~ mri<'gorlLl
Rainbow lmul. Salmo golrdne'; Sih-ersides, Me" id;~ !PP.
Brown lrout. S. "ult~

Brook lmul . SaI>'CIi11usjomi"" lis
Lake (rOul. S. namaYClLln
Norlhern pike. £Jo:<1""lus
Carp . Cypri"'" c~,pio

Fa thead minnow . Pimtplulln promelos
Chann el «ltfu h. let~lur'" PIJJ1~laI'"

While " 'c ker. CalOSWrttUS~ommers/)lfi
Bluegill. Lepomi<mocro~h1rU'1

Cha nnel cal fish. fC1~lurlLl plJJ1~ral'"

The equipmen t prescribed (holding and acclimal ion tanks. tesl chambe ....
embryo cups) i! generally . imilar to thai in Sranda,d Mn /w(Jj. and '0

descriplion. in the pnmary literalure. Added are numerou, "ery ,pec ilk
otipulalion•. e.g. .-orom,n"m", leaching . dissolulion. and ",rp tion. either glass.
.. 3 16 $Ia;nles, " ", I. pol)'"mides (nylon) or fluofopl">lKosmull be used' (Anon.
1981b. p, 7); ' lesl chambe ... can be made b)' welding. nOl wldering .. 316
"a inle» ued Or by g1u,ng douh1e<lrenglh or ' lronger window g1M. "' ith clea r
oil;';one adhni"' , (Anon. 1981b, p. 9): 'lest chambers or toxiocanl dehvery S)'Slem
mu, t be constI\lCled $0 thalt lle organi. ms are nOlstre$$Wby lurbule nce (Anon,
1981b. p. 9).

General guidelin'" are provided for obta ining, holding and handli ng of brood
fi' h. ova and sp<nn.• upplcmentod by weeies-weeifi<:d"la . A minimum of fi"e
exposure concenlralion. of lhe lesl ch.-mical and al leaSI one control i'
recommended , The highesl concentralion 'hould nol ," ceed lhe 96-hour LC,"
for the larval or jU"enile stage of lhe species used,The 1.. 1i.begun wilh embryo•.
eithe r {most com monly} by placing the eggs in expo!ure chambers after
fertilizalion in dilution w. ,er. or (if lhe t.. t chemical is su,pec ted W be
ter' logenic or 10 impair pmeles) by fertilizing lhem in the lrealment waler .
Duration of tilt: leu depends on tilt: species. ranging from 28 10 120 day. '
expo. ure

Parameters used 10 deter m,ne differences belween conlrols and expenme n4l1.
are: percenta ge .urvival of embr)'o.to hatching: lime required for hatching;
su....iva l of hatched fi' h 10ter mination oflests: o'·crall. u ....i"al from beginning to
lermination of lest: growth of youn g fish, It is al'" recommended 10 consider
biochemical. histologica l and physiological elfect' 01\ embr~",. larvae and
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juveniJes. as ",<11as abnormal posl·hlIlCh behaviour such as h,pavent ilation,
uncoordina,,;'(1 swimming etc.

3 CO;>;CLUSIOSS, GAPS AN D RESEARCH NEEDS

Our revie'" sho"... thaI erilen . of ~rod""li", impairmen t in fisb have boon
recognized as bt'ing important. if nOI~nlial, for bauro assessment. and lhat
these criteria are beinll incorpora ted imo ,uondard I<stinll proetdures. A JOOd
dul of effort is curttnuy exptnded in tbe area of tesl development in·
lernatlonally, E~nllal elements of the ASTM lluidelme for early-life.. rage
leslinll are beinll comid ered for inclu. ion in a lesl packag<"of the DECO
Chemicals Testinll PrOllrammc (Hued . ptB. comm.). and certai nly we can
expecl proposals ""lh .Iternate spccies and 'or mooified procedures to originale
rrorn '''';0\11 counlri<:$.

A number of queslion, ha" e remained unrcsolved so far :
( I) Selection of test species,Vi....·poinrs usedfor selcction include: availa\>i·

lily. commercial ,'alue. suitability hard me" for holding and culluring, sensi·
livity, ecological SIgnificance, Certainly. not all leSt species pro posed satisfy all
these vic",po in", equally ",d l : in fact . some of lhem may bt' mUlually e""lu.ive.

(2) Critena ror reproducli"e impa irmenl from tff"''''on game1C$o"oregg and
larval de'..c1"l'menlto maluralion of &dulu: no agreemenl appears 10exisl as 10
"' luch ofthcst Cnten.oa rc mOreSlgnlheant Orsensilive 'han othcl"S.and ...·belbcr
or nol all of lhem 'boo ld be included in standaroleSl' .

(3) Scmilivily: none 0( tbe .pccies and criteria proposed has bffit systemali·
cally appliccllO all major kind, Or groups "f orga nic and inorganic pollutan1S,
Consequent ly. no g<"n<rali<ed nalemenll about lbe sensiti' ,ly of lhcsc vari" u,
.pccies and criler ia apptar p<>Mible al presenl.

(4) Dcto.ilsof 1esl melbOO. in t<ml' of apparalus. qua lily "f dilulion water,
qualit y and acclimalion ofte" fish.and ,rali""'.1 anal)'1O,are SlWwidely lackinS
(Ibe ASTM llUJdelinesSttm 10 be mD$Iadvanced in these aspcct.) .

(S) Lab<>ral"ry''eml'lield Icchniques: all of the more Slandardiu>d "",thoos
.re designed for lab<>ralo')"use: field leo:hniquea("n .. ile teating in cases etc.).re
conceivable and desirable. but at present, in,u fficient ly de....lope<l.

(6) Mulli.peeie. tests determininll inlerspecific "'ological COnsequences
(predator prey relation., competition for <cologicaIniehesel(:.)are not available.

(7) Single .nd muhispccies teslS 10 determine e"bcr po$$ible build·up <>f
resiSlance or rumulali,., delrimcnuol ,tr<c" in repeated and muhigencration
e~posures are insufficiently de' ·elopcd.
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1::'' 9U SCOP~

Assessment of the Effects of Chemicals on
the Reproductive Functions of Reptiles and
Amphibians

I I:"TRO DUCf IO :"

Amphibians 8nd reptiles 8re reg8rded 8S rather pnm lllve ,'ertebrale!l. They a re
poi ' ;lolhocrruc. in whkh they differ from birds and m.1mmaJs; on the olher hand.
rq,t iles. hh birds. produce eggs. while amphibian. mOSllyproduce Spa "'lI. like
fish.

The risk in not maintaining 8 unlform body temperature lies in vulnerabili lYto
extreme temperat ures , There are adva ntages: food intake IS proporlion8J to lhe
actua l body " mpe,ature: th" " not only economic. bUI it i. a .u r-ival
mechan ism wben Ihe enviro nment is hos tile,

Rep tile' and amph ,b"'n ' are mo, t abu ndant in the tropics bUI are . as well.
spread far in lhe temperale lOnes, Tbey are ' 'Or)' prol i&: "," h a high degree of
environmental ad8 pla tion . The economic benefil of Ibe.. groups i' lim;,ed
except for crocod iles. alligator .. green turt le, and frogs,

Reprod uetiond ilfe.. in amph ibia and rep,il.. . Most repliles p,od uee eW . but
there are d,fferen"" . e.g. torto ises and geckoes ha"e hard -,helled eggs. laid in dry
places. while ;n otber species the eus may ha "e soft . fle'ible shell' laid in moist
sand or earth or dead "egelatio n, In a fe... ,pecies the eggs are retained w;th ;n the
body of the mothe r. In all casesI he newl)' ha td 'lCdyoung are minor copies of the
pare nts. and all are mdependent, Amphib, ans produ,", eggs. "'ith a gelatinou,
coat ing. usually Iiud in waler. The)' hatch into tadpoles . which eat and grow
before metamorp hosi ng tnto youni. pare nl-like animal', Only a few genera ii,'e
birth to la,vae or fully formed infants. Or lay eggs whICh hatch into metamOr·
phosed young , The larvae. or ladpoles . normally It"e in " 'ate r.

Thi. discussion of reproduct ive injury is primaril) eoncem<d with the effeclSof
chem"'aIs on the format ion of egg$ and sperm. embT)'ogene, is. larval de"elop­
menlo and growth a nd metamorphosis,
Thtr~ I,llltit lnfol1'l'la\l(}n available on tile IO~ eseeu of enm [)l'lmel'ltal

con tam ina tion 00 amph ibian. and reptiles compared. for example. 10 birds ,
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sp<>eift<informl1i"" 011lhe df..,u of uI~rnal facIo" on ~odllC\,on ISt\'~n

mor~ poorly docu menled
In add'UOCllo lhe lJuelI ofpcsuo da 10Ibex &,"oups.,njUfYnn o.:alr from

boa,")"moIa1s.oucb aseopprr Inc! cadmiUm. oil 'Pillson""'ler. as ""'II as. "'" pH
of ""'ltf . Genooue d.amqc mty CXXUIfrom • number of ehenucall. Ell\,tOll­
lDetIu,1CODllIlII1DIl>OCl_.... IO.lfca "",pbiboans and ~Ieo 10 .houl IIx SImI<

dqrtt,.. other .nrmt"
Pb}sioIc>P<a l dilfnmccs .. 111,however. CODlnblllt 10dilf~ III~

For <:>:Impk. lhe ""I1er-,,,,poIlf eOO'dUCIlll:1l%oncas is bipty ..... blt lit lunla
and ropt1lcs. A S&\IPP"'I IWlIl: 'II (C.\rl)Jrl> .,_,itt) bIs I CODdUC1.lnuto
....... 5$ lJmCS tqher IlIan lbl: 1"In eg.. .. beral; ibt ool1.....,U IlIrtlt C'II
(T..... )·r .... ~l bIs I CODd_.1Itt on!) $----611meobipor 1" 11the .".n C'II
and ihat or ibt AIDenI:Ill tJliplOt (A/l.ird_ ,..... ,...pp ). n." ,mplocs

pooable chff........,.. '" lbl: IIlI.te of .....=-to!ublt I Fns by ibt '" Ihls CISoO

lbl: dilf..--...a" ahoul 10 1lmCS (Pactanl n tiL 1979). Ii bIs bccu sbo ..'11 Ihil
insccticidcs (DDT IIId dlcldn n) do ""~ ibt qg< of tbc cOIIOllmo.l1b salk'
(Ath''' .......~l (Fl«!." til .. 1m)

In lll unnl., lbl:skm ISIh' ,mpolUll Ior pn for .....ltfu pule. IoIetunllbl: ncaI
for act\l.lldri nkinl- Th us. . " ml-solu b\t Ill~n' may he a btor bcd ullo tbc body
from ,he aqu«JUS ~n"'ronmcnl ...he,..,.,s a ""I~r.l i ,ing snak~ can dnn k from
unconllllllJla led ,,-..I.r

2 EFHXTS ON OOGENES IS ANU SP ER' 1ATOG L"'ESI S

In lhe African clawed 100d (X.~"",., I<u-,"sj. lhe eatly c\taw .S<'" . an of lhe eus
are .. n" l ,ve 10 a ha logeul cd ana loau~ of lhe normal,hyrnod ;n~. ioco!'P'Ora led
during DNA S}'nlltel " , Tlu l pyrimidin~ . 5-bromodeox }"urid,nc. I'o'ill ee ml$lahn
for tb yll1ld,,... dun ng mll",is and block dC\'elopmeo, a, 'he blaslu la Illige.
loadin g to po int mUlalionl '0 lhe IICwly formed DN A ' Ullndl. The <if.." 011
V" a'er "'lh ..,hillOderm 'US thin I mphibian ~gp, ,,·ltich m.y be ", p1an\ed by
lhe fact lhal mon: 'hlm c!'nt . pro portionally. " prcsoo, in a mp hibian tW (Sail
and COlII<'. 197$)

Ear l)"che nuco l inpnyof oocyta can 0CCI1<on,be R~A. Doc}1CSfrom X........
/Qr<is tlUted witb lbe 'mt~l'UIn radical ..in ccax dC\~lopn. ,n I
pacbj,he ... merOJts phaK. III11mlltly IaUh",. in the Oon-prod..roOll of tW
(Stttn$. 1971).

A Ilmi.Ianly '" ~a":1_ bet,, ·......... mma.band IImpbibtans and ropuks,."ti
d"",onslr.ued in tho Im.nl and.,. leNd Ql.nnacrutO•..-bit:b inl.neres "lth spmn
pmdtrbOn ... mlmmlk ... restedfor 'lSdrca on IlnoodOfl'l:"CS<1l1lwrds and
bistoloP:a1 ractiom IIllbe lOIId. "" u b lhe 10Id. tho dm, prDduced ICSlle"....
....... andebaDJa ... DOUmorphololY tnlbe bD.rd(1'uano ,·.." ....... isl.lhe
eomfl'O\lttd callSCd .. OlJhlloou of'lot IeStCS.opteb;i}lIIis. ' .... dd"crms and krdne}l
and a lOIa.I caJ.&uoa of 5permII'~ II ........ 10 1II1.n...., .. 'Ib Ite<OOd
bo.os)"'lbcsISlind tm:rabnllSm. 'ttd","ud by tho prt:IorDDO of :occtImulllud amountl
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gJ the p=unorolaO'l'Oids.wdanophibc l,pds (SllI>"llklUDaand Dn~ Sartl./ .
1979~

II is "'dl b1o"'ll WI cadmium Ii ",UYmdy \_ 10 mammalian lCitei aDd
10~lOP" '" II lou bccu quoalKmC4 whnllll:J anunaJs ""lh abd o""",,1
t=cs racllO 1hc AIDe "''''Y as "D1IO,k willi tcrOlalleSl.ei do_Frop aDd I<*1J
'" at lhndOR e~poMd 10cadmmm by _ olmln.pcnlOoeaI or..,balla_
l1Ij«tiofts . follo'a"ld by mcut.tioo uoder Iaboralory coodiUom. Sc:uaaUyIIl:U>"
frop (~ f........ ) oI101o"ld a rruld 1hnoIi:.,.,ollbe It!l ... after 43 !Iou" "'hocb
lour ....... 'aled. ",·,Ib relati>"ty promp l production or sptnlUOudi aDd
>i>C""""OlOIl, On the olber band. 'mb sexually lIlactn" rrop or1hc ...... spoc....
rormallOll of ipC111>aI<W>ll".-." 001 obIcrvcd \IOul a ",-cd:; afttt l0JCll'tlOll, Tbe
cfrttl of eadm,um may boog ahoul a rde_ of aonadouopuu wlul:b ,n tu rn
inilialed spcrmatogen .... (Marur and Ramli Wimi. 1976).

In toads (BIl/ 1>mtlallOJl icnu) the: injecuo n of <:admium chlomle alU~ a
oigoificanl dtt reasc in numbers of _ ond ary .permatogon;a and pri mary
$permatOC~1K aft er 7 days_The suggestion of tbe authors is that. in tbc toa d,
cadmium suppresses >pcrmat""", .. iI poui bly b)· iDCreu.i0lltei l icular sleroid
hormone 1),"b"'l ( Hi. ...... CIaJ.• 1976). Cadmi um see"", 10interfere at tbe Ic'l:!
of barm",," repalabOo. although ,be mec:han,smil DOl ....ell ulldcrstood .

In 1926, Dilltlll and Healy lUted tbat '001 of lead., coppe r. ziDc.tbonum.
bcr)"llium aDdlhaJbum "'-en:aU A10pecwl of diswrbJllI the ,.,-mmauon of tile
frot; spa"'ll and 1hcJfO"'1hof tadpolei . "The.... tbodI ....."..,rubcr cno;lc. bul the
cooduIioa .... WI Ie:ad"'.... by far the _ actI>"Cannfertihty "IfIl l ,

3 EFT£CTS OS L\ tB lt\ 'OGL"'£SJS

Tbc .... p1 .. ' 10 tloo bcrbo:ocle plqlloIllUOll. WC'edu.~ a t01a1 baJI 10
rcprodl>CU(Nlm a froJ pood. WC«ln bad bccu spn)"ld oa a railway tnck
..... rb) . Iftd lbe spa "'l1 found 111lbe poad "'= cloudy aDddid 001 ""'leb..
~plural R_ frop from lhe porodlaocl$pi"",... lank,.rod the ""'lClullll'ClUlI
...". POOl from thcK also . TbI: sumvilll r.dpolcs "'-e~ three times as bn "")' as
normal, ."d all docd before mc:tamorpbC*s. The fross could 1\01 rcprodUl:e
aptn unul'bc pond ...... cleaned arodl '" botlOm dredged. No informatIOn ....,..
livCII as 10 tp11lyilll in lClUit)' Or concen tration in "'lIler. It ....,.. clear tMt tile
SUMlJO"" e rema,ned acl i"." in lbe oed;"",nt aft er tbe porodhad been kepi dry for a
long period (Hazelwood, 1970)_

Well-d= 1oped fl».""J1 of the common frol' R.3"" umpor~d(J., "'II not
penCirated by DDT at 0_5 p .p_m. for 24 hOll., . "Thesolution "11' prepa red by
addlOll DDT in ct""'lIOllO HoItf~ ler's amplli bl-l1ls.a!;nc; the control! were kept
10 ,be sarrocmediu m "ilbout DDT_ H""'"CYl'r." -hm f... h1y llIid spa .. n, " hieb
....-elll by tal:ml ,n ",.,.ter, "'-astrated ",,, b DDT . ,Ite ""'lChed r.dpolcs sbovo"ld
t)pICIl b)'PCTlIl:tm:beba,;our &-13 days aflcr IIalChuIJ. arod developmenl .-as
~brded (Coo/r::t. \972).

&.lrmoeI '" tmlpcnl1u~ arod pH "'iD eaUIC death of the em~ of tlte
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salamander , 1Imhp IOmamarwlo'''''' and 11,~ffuJonian llltl . M\lnlllily occurred
befoc. gastrulat ion. gill formalio n. or hatch ing. Tho ratc of de".lopmcnt ".-.. nol
inftu. ""ed by pH (Pougb and Wil$on. 19'14)

T.mporary poDd, ....,re the SIt. of a field stud) by tbe sam. autho r, Embr yonic
mortah.y of spottro salamander (,4mbJJloma "",,,,Iall<m) "'as found to be
correlalcd with a low pH caused by acid precipitalion . En" ironmcnta l d,ffer·
ences. such a,d,ff.reT110(111.prQ;<imity '0 road . 01. ' . .. ..".., noted bu' not coot rolled
(Pough. 19'16).

A ll~at"""'t of ROM plpi('n J eggs ..; th copper sulphat. al co"".ntrat io,," of
O,()4-I.S6 mgCu 1did not cau.. death ordamag.: the.US ....""stripped from a
f.male and soaled in .pe nn ,n,pe,,"ion and then trealed (Land;' and QUitman.
19'13),

4 EITE CfS ON' UR VAL DEVELO I';\l Ei\,

Copper, as 11<>.«1. ha' Iinle or no effect on a mphibian .ggs. When hatched.
bo"'" .. r. ladpoles are '''rr..",i. i,.. to inorll"n", coppe r : growth is grossly
reducro and de ,.. loprncn, r<tard«llo tbe poin t of no metamorp bosi" The lD ,o
('12 hours) was .. timated at O. t Smg Cu 1 (Ka plan a nd Yob. 1961; Land;' and
Gunman. 19731.

The C)10toxic .ffect o f copper in amphibi al11and reptiles does nol >eern to
haw ba:n investlgaled as thoroughl y as. for ..... mple. cadnuum. Copper is to.<;o
to adult frogs. bu' at far higher .oncenlrations tban cadmium . Thi' may m.an
thatCOPpcTac'ion Canbe partl)' d...,ribed aU ·m.ta l.... 1treaction ' .•. g. exc... , i, '.
mucus forma tion. gill coagulal ion. '}" irritation . •tc. The fact that billier
tadpo l.... ",posed to copper salt,. ha' .. a higher su",i"a l rale tha n smaller
indi,·tdua-l, could be a resull of a higher degree of damage to the out'r gills
olthe "",aUla,, 'a. and tb. proportionally greater surface of the 'm all anuna l

Wilh frop and I~" it ba' been derno,,",ra,ro a numher ofl;mcs ,hal DDT
and its residues are harmful to tadpoles as ....,11as to lhe ad~lts. Trea ted tadpo le'<
become hyperacti' ... ,,'bicb in lum retardsd", ..lopmc-nt ; Ibe smaller. byperacti' "
tadpole'<are more Iik.ly 10be viclims of preda tion lhan tile normal tadpole , 'The
weigbt loss in connection ,,'itb byperacti'; ty is probably a result of feeding
difficulties in lhi, Slagc of beha,ioural disturbance . Also. sk.letal deform iIi...
OCCUrsuch as t"islS in the ,pine. Witb higher doses. the hyperaeti,l' stage ..-ill he
followro by loss of equilibrium. letharg; ' and d.atb . These experiments in"ol"ed
acuI.doses of DD T. in concenlra'ion> ranging from 0,0008 10 10p ,p,m. DDT.
The solutions ....re mad. up from ethanol - DDT mixtures in ampltibian .. tine.

There were diff.renc es in lhe respon se al diff.renl all'"" and at differ'lll
concentrati on, . Tadpo les wilh d"" .lop ing hind IImb·buds of bo'b Ra"" pIp;"""
and huj a huja "'.re more '''lnera ble Iban otbers, At cOllCC11trations around
0.01-0 .02 p.p.m. D DT. lhe typical frantic behaviour occurred a, " .. n a, t..·;' ted
spine, No actual LD, . ,.. lues are cahlated for lhe tes" . hul high co""emrat i"" ,
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lla"e rise te UllC<><>rdinated beha"i"" r <o<>n aflor th.tadpoles "'-ere placed in them
and merta lity in the ll'''''P' at I p.p .m . and II) p.p .m. DD T ....a' high,

11appean tha t the h~r""ti" e ,tage <>c<:un at tis,u. ce"" emrat io", arou nd
2 3 p .p .m . io fr"ll' and at 3-4 p p.m, in 1<Iad', At the ta il rc$Qrp tiO<l .nd
met.morph<>si$ sta ge. fro~ tadpoles.re m<>re'usc",tible t<>D DT m; iduestban
l<>ad', Chronic all y treated tadl"'lcs (0 ,000 1- 0 .00 1 p.p,m . p,p ·DDT) 'lmwed
m<>rerapid dC'·.lopme-n1 a Dd ll"'''' 'th . aDd n<>beha"iooral disturbances ,,",'en a t
tisoue C<lnc.mra tioo, ef 2 5 p,p .m , The t ....isted spine wa' f.irly C<>mm<>n.
h<>"'C'-er.• m<>nll tr. a ted tadp<>l.". At metam<>rpht>Si, the:se residues cauied
mona lity am <>nllthe y<>unllfroll imallO<. a , Ih. lipid resel"'" "'-ere e . haust ed and
the D D T rekeased. Y<>ungload s treated in the $Orne ..... ~' ",-ere n<>taffected afler
metam<>rphmis (Cook •. 1971). 1972. 1973) .

11has been SUgzesied that mstellCJd." 10....., the "" .. tance <>fthe tad p<>1e t<>
fungi. possibly implyilli tllatthe agem may be <>nlyindirectly resp<>nsible f<>rthe
obse" 'ed defotmlti .. (Coo ke. 1915. ).

D DT e>hib il$ ia acti<>n thr<>ugh il> metabolit"" as well ••. ll· DOC N . T hi'
compound was fo und in the sediment of a Swed ish lak e and p,", u med to be
widespread in b;~ollically ac li "e mud and sed iment. Tadp<>les o f the co m mo n
frog were e .posed t<>DOC N und er labora to ry cond itio ns . Re. idu "" ,,-ere found
in the tadpol"" fTf)nl treat.,,;l ll'O\1~ e>posed to ....1). I p .p .m . P.p ·-D DC N but not
from 1o"'"r C<lllCentraliollS. T he m;idues ""ere nOi d.lec ted ""ben ladpoles ""ere
mo'-..:\ into unconlaminated "'·at er. Al the highes t concentration , I p.p .m .. tb.
tadl"'l"" ""te<! ab no.-rnally .....ere lethar gic and '" r) ' "'''a k, M alfo rma t ion of Ihe
tail <>c<:urred. a , imilarity ",'il h O O T -treat ed t<>.adlad l"' le-s. The def ormi ly a Dd
th e behavio ur ",,, re r", "l"$ibie in clea n water. Low 1e,,, I, of D OCN al so seem to
acc elerate the d C"elo pme nl of Ihe tadp<>le, as ",-jI b DD T . On t he " 'hole. Ihis
compound" b' to~ to fro g ladp<>b Ihan DDT (Coo ke. 1975b) .

On expos ing an uran tadp<>I"" 1<1DDT . a significant increa .. of pituit al)
melanocju-$tlItlulat mg lmnnone. M SH. "'as found. a direct elfect <>fOOT up<>n
the h)'!>Othalamu, "'.. , postulated . T he eIf"'l of MSH in exc ... i, "'.. kefu ln....
",'bieh can be mea,u red from EEG data . T he exposure in thi,CilSC was made on
Rall(l damiran. la1"ae in the limb--bud sta~e. DD T "as added d ,,«: tly to the
aqu aria as a " " n ab l. p<>wder, One ll'0 up <>ftadp <>les ",as .x p<»ed t<>0 ,1-0, 5
p .p .ln .. th e ot her 1),5 -1).8 p .p ,m. DDT . N oth ing is men!l()ned abo ut media or
temperature ( Peaslee . 1910).

In a to.icity test of 19 pesticide-s. Insecllcide-s ""Crt.g<n.... lly. 10 ti""'" more
lo,ic tban her bicides w hen t""e<! on tadl"'les of lhe frog, ( PHwdar<>islr;griD",).
With ladp<>l"" <>fthe toad (Buf" ..'OO<!Jloo«i,) III<pauem "as app ro' imately the
sam • . Some of the d iff.rences in response mi ght be explained from dlfferettC<:Sin
the ag"" of frog. (I week ) and 'oa d. <5 weeks ) . ince it i. k nO""n . for exam pl•.
tha t DD T sensillv ity d iffers with alle in tadp<>Ie-s. The $igns of pest icide
I"' ,soninll fo llo w.,,;l a predictable pa llem: irri tablhty.loss of equ ilibrium and

dealh, Me th odolo gically this e.perim en l ""as thorou@h. It ""as carr ied oo t as a
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sralic bio<lssay. bqinn'''I'' 'lh. pilQclaC for oelocun.C<)tX"tnC.. uon 'nc",-..Is .

lbe lesl allltnlls "'e'" b.llChed tn CMlaboracory_ Tbt sllXk sotultons ...ere ntId~

tn O'lhlnol. aftd.IIw:!nil ""="rn<d ouc tn 5 bin: aquarill (Sanden. 197(1).
As ",',Ib tt!<>Squ'<of , 11appeln that DDT-c. p'-' IIlllrartS lill y de-."dop

rnlI1aftl;<" I&. for ~u.mplc. III tIw:adull rnc kn frop. Acrif rnp<'-S .nd A
6ry{Jw. lriillJ itt tIw:COIl<Ialidds ot IMrn USA (Bo)'ll ~, _ _• 1963).

Rem l' ..... 1eSu Jbo.,,'ed. P"'",bio C ,....;.IIOC" belwo:at aJdnn and DDT
",'hJcb lilly ta1Il1 from tIw:fan w' borh .'" cbloriDated b}'drocarboRl (V ,,*, II
n aJ_. 1963).

T<>Icranc:aCoUdnR. <bd;lnn . endrtll . 11WIpIIeotand DDT . 'Cf'Otnred OIIC""O
frotspeaes (Acrifaq_ , AC"'~J aftd.ODCIc.d (BM/o " .... "' i;). The
tadpoles ......, coIIcctal from .&ricWtural(posticJcl~poscd) an:as IlId from
"" ......encuJtunl laM III otlkr to sod pos:sibk relO$lm 10 tIw:.".a 1 The
"'lali"" uWaucsoftlw: 1I,'eIJUOC\IOdata>ed .C'" COQIIO.Ien,foralllhroe spec>OS
lCSlcd. EDdnn wu !DOlI COr.£. followed II) aJdnn IlId dockl" ...... lucb ""ere about
'--"e... me. DDT and 11WIpboeM......,ltast 1O.Qcand produo:cd smular ~1s of
l1lOrt.I1i,y. No reslSUlttOecould be det<C'led ; !hal is. dilfCf'CDOtltn sulOeplJbibly
",larablc to .. bctlter tIw:an"mll game from pcs!JC>dt·uu!lod as com~ to
Ullueated soils wm: 001 found. The lIlOtbodused a J6.bour TLoo; tem-
perature JaIl#"'1I$ 8O:t2F II>d the ammals of oqllll SUl' (l8-Xl"",, )
(FerJUsoo and GilbM . 1%7),

Anothe r pcstl<idc Cyanacrytl . cM mieally ",Ia ted to W""""u . .. ... teSted,When
uoed at recommended Ic''els (0 4 p.p.m.).• a.dpo lcs of R,.,., 1Jemp<Jra,iaStopped
fceding. acled Ic.harp: and behaved in such a way th .t Ih()' "'en: likely to
become viclims to the newt or oth~r p",d ato"" The risk of magn,lk . tton of
concentration' or c1fccuis c bvicus (Sco'';' and Cook e. 1979),

5 M F:TIl O DS DEn :L OP ME /Io,.

Wicb .m phibian s and "'!lilies the'" is an 11. ..... 1 need for the dC'clopment of
relcvant lats and tho odC1lttficauon of "",ta ble tes. orlalltSmS. M. IlY of the
techniq ues UKd for 6111'''It/lt apply to amphibian tCSWt.: Slnularly. tnU UKd
...,tIIbirds may. " 'lth appropnat~ .Iu .. tto .... nuJ-bt be ....culrc-pWes..

It is not pouiblc 10 COC>SIdn:p tilcs and amphibians u • anJic I'"tMIp 1ft

rap= co tIw:dl"ec" of chnno;al Fo r ~JW1I.plc. fond SO\lrCOdill'tr . amplublans
_ oficn .IIM """"endotlho fondchlin. .'hiJC:manysnaka can M Carnl"ORU.l
the upper end_ Also. cite )"Olltot tIw:..ue ell is proponionatcty IarJcrthaIIche
)'olk_ oftltc amphib ...... .t.cll_ a h.J&httpropornOll <XIM..ue _lter ·s
r. t 11be IDObtliud tnlo lho cg. and . ilh tIw: fal may come fac'iOhtblc
.. M h U p"' hC""'" Ampbibta. 0111M other haDd.....nbeuPl*'C! 10
...-uet dllrill.r;~ IlId .lteearfy StalCO.rICr b.l1C..... Poolland ponds
_ <XI... coIIacli"" aDdIeWlDCIItaUOll hums for .-"Icr -c:arnedmaten" _It as
chcmX:ah. lbil .... y II'" • bI&bcrcbcmIcaI cxpoaurc 10 ""'malo UI.attrlb.ln to
tIw:annna k 011shorc-.
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Abo. tbt volume...n1K'e rauo musl be I;OI>SIderul in Mpect 10 exposure 10
barmfullUbsl&DCeS. A ,man mlbr)' Obas • propon..onally FUlCr ,urf_tw.
I.... on.. and >hertSpOftIC is likel) ' 10be more marked . Ie tbe eboil:e bet .... " PI0
teSt speCIes. >he one ....tb >hepropclI'UOalll1ysmaller eml>l)'" may ha.-e all

ad, .... tqe in senJlll>'IY.
T1u-eegeneral appI"OKba _ .>-..iJabk 10 __ dfoe:u on reprodllCllOll ,

( I) acule IOxicily;
(2) dfecu Olber lban death. mcludlDl early "-artIJD.I..... '; and
() dfCCll from chronic e:lpolllrei.

Wilb ampllibi.ans 1..Jld.-.pules, tilt lCSUfallQllO&Il)lDtO 1fOUP(1) or (3). The
StIb1el.ba1lest:lJllisbyr.tilt moll lDtneIUJII U tilt populalioo ~ aDd, u .~n.

for ecoIop:aIlIf>denW>dUlI- The Impol'taDCe of early ""UJllDl")'lemI for _.
WJel o,-po,,,,,, ... Vl1aI; o"'mah ~'~1lI1D _lei" pan or III oflbeir 1ik.re DOt
eaWy oboen"Cd.I..Jldbeha\1oClUl&l.lttnUon IS tutlikd) 10 be cbEOYCt'<d. The
earhe:u ""aIIIlOIlO<b.y is bbl y to come from a.aturo eolbusiasu Pd lpofUllleo
..-Iul:b. ,,-beo aa:uBle. c:an only K ..... 10 con6 rm lhat ha.rm IS aheady doDe

l'bc selection of leSt .nonal, aIld species include 'uc:b crllerta u tilt
1lol<b"1and bTffdUlI oflbe antmab.1 re_bIccoollusoeptibili lylo IOlOnU
reprcsenlJ.ll ' ''' for tbe cia.. or p h)-laoand $llltabsbi Yfor tesli~ e.1- prod UC:\lon or
nu_rouo o{f,prin , .

OECD (1979) ha.<lUill"ted the UK of the African clawed lOad for ICSl,ni
embryOloxic ity; mb elW\$C teSllni prOOl:dW'C$for reptiles and amphibta",
havin. official Or semi-offic'al 'tatu' ap pea r to be non -exioleol. The hope for the
future Is to widen Ihe conce pt of 10s icily testin g to keep in mind the tOtal
. n, ir onm ent. incl uding orllani,ms ot~ (han the lar get or i ani,m . Fo r
C' .. lualiDi a Dewproduct Ora chemical compo und .• iDgle. Sl.andardi:zed method'
for lo u;;ty obould be ulCd. u ...",11a'\ellS for pouible .ynerJislic dl"ocu . After
the 1e,,, 1Ofl"" ",' ly i,clear. the .1ftc1on the whole s)'Stem would be Itudied (0 tM
.Stenl prac ticltble. Tbc pouibdlllcs of llCCumulalioD.or Ioll£·t..-m dama.... or
sublelhaJ rcpr odueti.-e U1JuryIre. '" 1M Ion. IUD. fir mo re barmfulthan Iu&hlY
Unac. KUteJy a.clive su1Huncn. I ' the former ...-iJI..:-r in a subtle .... y I nd may
c:auK consodcrabk damage before It ISeven noIiced This is espcciall) • danger
...,tb p-oups OTorp"""" SO hule obser>'CdIDd ,~ IS ampll1ba.ns .nd

""'"
• CO:\L\t ESrs . SID1~I"RY ,,1\1) RECO" " L"'DATlO:'OS

n... ....-;...lbo1!o-.dtarly WIthe mam roolCellidurilll1hc lata1O)I<':ll'Jbas bten_-ta,...,exposon: of 1lnInDI1Op""ojda Tbcrc arevery f..... n:portIOII heavy
lDCt.I.b-.IDd P"'"-inl of ampIIilum and rtptiIcs by ....m~im=wy II l>OCOIICC
d~_ Compamlto the DWI of n'KIIdI 0IIlDC1b~1mc=uy ill fish and 1Mb
Illlbt emy 5e\'eIltJeS. tlllsClll tlI\"f bulooe aplatWlOll : amphibl2ll$ and reprdcs
_ DOl of sufficient mlenst . Ec-ootOntieallyonly. f..... op:c;cs_ h... tcd or
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""UI)II, bul """,Iopt"ally lhey llave Fal impottantt as bia.xu m ulalon ,n lhe
rooddlal O.

In tile anUBm II seems po54,ble to dlSlurh oo~is and ",,"rmalO~1f al
the D:"lA and RI';A 1e,~1 Ho ..........' . ••IIn,,"r ibISis pouible .. ,thoul ,njllCunl the
subotaDC%tnto tile aOlllll.lf If 001 kof)'fo"", ~ticidef in tile _I., ClIOclamalle lilt

esP in al leul '''0 "")"'tbe sutt.tatx:emayana theeg IIIthe f..d/" •• phtil< . or
il can <kRroy the F!a UllO\JScoaun, by coacuJa-tioa . Copper AIlS seem _ 10

'""""'''''-Tad pob rfOlll lIlS«tlC><k-ualo:l _ "ban a .. -.d. . lbe satllt
f ip as tadpolt:s uawl due:l:1y " 'ib the S<tbolo-OOl"G1B-bta llll,
lw1po!n a ~ oerJSIU'elhan tadpoles ..u b inner JlIh' tadpola dl\"dnpm,
.... I""b e' ...~ AJSCql(ibk10.....mao. U'C:I.tmen• . Jr reso<l_ a",,1eft
ill the body. lbe ll)tUlIIOqlboaod _IIO } dlf<ffOlll lhe mobIltz:It..... of ral
rontainillll poslrila. flOI tadpob a raII} ~ """fltn,. thaI' toad
tadpoles. Nev.l tadpolosan:,....1y ,.,.,0:1b.1Ishow the same pallenl of lQCllOnI-.
UICludinz dealh. H~ may be Iosf loxic thao IDKCtJC>des.bul tbe"" a ...
eltCOJllJOm;IIOIhtlll_ kno . ll abou. po54iblc:S}....,.pm bct.."CetIIhe$cposur;ada

Cadmium. rcpono:l 10 bind< spo:rmalot;_ in loads W'Idct ",,"ain
conditiom-. MUla.. n", etrecu f,om ll)tU1s ba' .. bet:n obocn-.d,n OIber 'P«'lCS .
bUIcxlllpoia loon '0 repula and am p"'blans is uOOl"na in . No tcra!Ol"n",.-ffeeu
of metal>,n amphiboal1f and ...pliles ba,,. """ 0 <le5cribo:l. Elfea l ,n ot her ipeaes
ha .. , """" deocribo:l. bUI ap;n Ul n polali on is u",,"naio,

Metbod ' ... , """o:I lIa...... rio:l ",ldely. and II 1$ seld om possi ble 10 compare
dal a from one fl lldy " l Ib aoo l lll<r. Tbt dog...., of melbod olollical ...fineme nl of
roxicil y studies on ampbibLl-and rephlef is 10'" comparo;!lo Ib. 1 on IUh and
olhe r <ped ef

Till<,., is an urgen l nto:! 10 deo.'elop more ,nform al;" e teSI proco:lu~ for
",,-"minIng the etr<elf of chemicals on till<rcprod uc li, .. functinn in repl iles and
am phibianf , Such deo.'elopmcn l can roc...' .. llllidallCc from Icstl dt'''Clnpod for
OIhoernrga olsmf. np<C1I11}'fisb and bordl , Alt boush Iht'deo... lnpmml atme!hOOI
is sliD 100 pnmiu, .. fo' Ilandardi:r;a.uon. llus objecti' ... hw ld bt' kepI ,n nund
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&I .... toy.... 8. "'<II>kand P. J. Sh"d ...
C 1'It) SCOPE

M ethods fo r the Assessment of the
Eff ects of Chemicals on the
Reproductive Function of Insects

V. LASO.... B. BES" rrro ...", I GELlIIC.S. Mu ou s and T. SoLo",,.

1 I'-'T RODUCfI ON

IlISe(:l ",p roductive funelion is mponsi,' e 10 a compll:x of external
f"'lon _ pbysical, chomica!, biolop::aJ. The effects of exlernal mess are variable
... tho fen.ilityof ioKCIsis usually ''UY high aod Iho ranll" of potential abcTraliol\$
....ry large.The anatomy of tile reproducti ....organs is Nsically simple ; tllerefore,
morphological abemtion. are dislin.uishable in quality as well as quantily.
Insec. onlO,."y i. also knO"""t1In detail. tbu. dynamic observation of lbe
mponse of affeclod repr o<!ucli,.. organl is possible. The dircct dfccto ofexternal
f"".ors on individual developmental SlaB"' as well al delayod effec.. ob:ser\'J.ble
in embryoBC"csisof lho .uccctrl in. generalion can be experimenlally examined ,
Embryon ic develop lntnt has beenwelldcscribod and changes are dislincL Many
species produce StYeralgenerati",," of offsp,-in. pc,-year. S(> thallho dfecto on
StYeral sue:ces.tiveg..... ralions can be <u minod. In ...... ra!. all action. of lbe
adult orpnism are ccnlrod on reproduclion . Tl>ccondition oflb< reproducth ..
organs and fertiUly oflb< individual tbus indicale lbe pbysioloiicals tatu. of III<
wbole or.a:ni.m as df eclod by external f""l o".

In""' l reprodu<tion has primarily been S1udiod alonllibe foliowinllUnes :

(J) population dynanric .. especially lhe dynamo::s of pest oUlbreak.;
(2) dfccu of sublelhal d oses of illSe(:licid.. on fmilily;
(3) dfects of chem06terilants and lheir applo::atiOIlto in""'l control .

The dfecto of non 'spec;1iccbemical poUutanto in III<oatural environmtnl on
tbe reproduetion of in"", .. ba"e nOI b« n suflicitn lly in,'... i.a lod, and reUable
dala are sca rce. C<!nsidering lhal lbe .. ud~ of in""'l reproduction and how il i.
regulalod by chem;cals can produce data of broad biological lign mcance. il will
benCCtMafy10 concentrate mol e encn011IIW line of research. Mctbods lhal
have proved usdul in lbe study of cbernoslenlanto should also be employed.

'"
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2 C HANGFS IN INSECT RE:PRO DUCTION
AJ~ I) TH EIR f.XA .\U:'\'ATl ON

Chemicals can affect in""'l rep,odl>Clion in ~n}' of ilS stages . Changes m.;
appear in lbe follo"ing struo:luln and Of functions

(1) f.male ,ep,oduc'i,~ ocpn. and oogenesi s ,
(2) mal. rtprodllCli'~ organs and sperma tog.n.sis;
(3) number of laid 'w and hatchabilily;
(4) embryogenesi s ,
(5) mortalily during ]X>SlC:ntbryonicd....'.lopm.nl and van~tions in morI~lil}' of

lhe following g.... rollion.; .hanges In d....'. lopm<111 and mal;ng habits ;
(6) mUlagenic changes in chromosomes.

2.1 r .... ale Rtp ,,' duc,h'. O'illrui a nd Oog..... is

The eondilion of f. male ....p'oducli,~ orpn s is examined by dis.S«t ing f.....h
material by th. u.u al .... lhod s. The abdom ... is opened dorsally ,,"h fin. s<isso rs
;n physiological solution, (Pringle. Ringer or otbe ....)_Fine organ, a....1oosen«I
by a Sl",am of tbe SOlullOnfrom a hypodenn", syringe. The usual mat"'es
(alcohol wi,h ac.tic "'rd, eamoy, Bouin. or Olllers) may be uood la"", or $<) ....

det.oi!. oan be <:mpha5ized by 10lal Sl~ininll (1I1C'1byl. ne b1u., borax carmine) .
Whole mount> ~nd smear p",pa""i"", canbe well obs.n'ed using pha .. cant"'''
0< interfe"'nce pha>eCOIltrast After m alion . histolop;al preparations a", made
by ,1><usual ""'hnlqu .... and 5OCtioncdmaterials Slained WIth d,ll"...-.nliahng
Slains (recommended are Heidenhain' s or Harri,'s haemalo xylin. Pappenbeim.
etc.) or "'i th specific tu.. och.mical slai", (Feul!!,"nfor nucleic acids. Ni l. blu . for
lil"4' . mercury bromph.nol blue for pralelns )_

lU50::t ovanes are paired organs siluated in t1><abdom ... consisting of
O"a rio les, dUClSand acc.ssory Jlands . a...arioles are elongale tubes consisting
d"lall y of a germarium and proximally of a ll' ad u.aJly fanned vitell~num " 'bere
ooq1es II""''' and ' i tel1oll"nesis takes place lalge num bers (up 10 .. ' .. ral
hund ....d) of ovarioles OCCU'In Palaeopl<ra and Polyneoptera , .. veral (mo"ly
4---7) in higher oN ..... of insec\5. The gcrmarium i , ,he fim 10differential< from
primordial gonOC;1es (som etImes as .arly as during embr yogenesis. •. g_ in
aphid. ). La.. r it cOlltains milotic allydividinll 00'011" d....-.Ioping in10OOC}1.. or
OOCj"les and trophocyl es. The oocytes are . n' -eloped in follicular epi'he~um and
proceed lowareb tbe o,id ucl. Soet-nion of yolk and chorion, u.ually OIXurnng
prior 10ovulation. i' effecled by follicular cells or lrophoc}' t.. . Accord in, to lhe
t}'pe of nUlrilio n pro" id«l oocl1es and corr.spondin g .. , "" lures, o''anes are
C:l-t. gori' e<!as atrophic (pa noistic) without tro phocl1es in follicles. and m.rolSlIC
"ilh lropooq1 es eitber in follicles (pol;lrophic o" ~ ries) or in !he lIermarium and
connecled wi'h the OOC;1ebl · line c;'\Op~mic cord, (lelot rop!tic o, ·an es).

o.iducl5 consist of later al and common a ,i duclS into " 'hich o,-.rioles open
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through the p«!i",,11 (interfolheular tI$SUC).and the o, ·iduet ... communis i.
usually diffcrentiated into organ. of copu latory and sperm·stonn a functions. the
bu ......copulatrix, spe:rtnlItl><ca,etc. Accessory aland, are either of m.. odermal
(mesad en,a ) or ectodenn al orilln (octa<!<:nia). Thor occretion .. envelopitli the
eu, may participate in the formation of s.permatophores. or lubricatc the
ovipositor or eggs.

ner""u causedby chc"""a l' appe:ar in the germarium and vitellanum of
ind";dual follicles. in unt\ '''''- dt\ 'clopm<:nt of follicles . and in accessory glands
and outletS . n.. fonnauon of sp<:rmatopbort$ and moti~ly <Jlsperm may be
affectod , Compou nd, aff<CIina dt\ 'clopmcnt may impair the vo", 'th of oviducts
andother organ, . Str rihzmg .ffeet' may he man if.s t<:dby conspicu"us chana"'
in the germarium which may be smaller by ""e·half wl><:noompam.! ...-jth
germanum of un""posed femalesdue to inhibition of the di>-j,i"" of <><>g"nia and
differentiation of ooc ytes and trophocy tes (see rev;'",. by Campi on . 1972).
Sections of panoiSlic ovaries shoowlha tthe di>ision of <><>gonia has beenblock<:d.
and already dc ."l"pcd yonng oocyt .. ha .·c diro and been resor!>cd. In
poIytmphic " ,.. ries. oocyt'" as ...·. 11as nutril"'c and follicular cells are alfeetro.
The nuckt of oocyt . s becomc pyonol ic. ""'lIon ia cease tu di>'ide . and the
d., ·.lopment <Jlegg chamber< i' blockro . In lel"trophic o, .. ries , Ihe zone of
dim,ling tropbocytcs is the most dama ged and. c""sequently. follicular cells do
nol di,;de (forma lion of compound elll chamber<), OoCj'tes descend .. ther
irrcgularly or not at all , Charli'" in the "i tellarium show in a redl>CCdnumber of
eu chamber<. blockro grO\lo·th <Jl follicles or production of microfolhclcs.
Vitellogenesis is ollen suppressed or .ntirely inhi bned, '" that the o"ari", of older
females cannot be distinlluished from those of teneral On" (e,g, 6-aza uridlne In
the hou .. fty, Rcuko va and Landa. 1961; R« abo ..... 1968), Eill chamber<
rna)' be resor!>cd,

All these chanll"' result ,n a '<:d""ed numbeTof Ia;de us. and . 'f vitellogenesis
is ,uppressed. in com pletc 'terillly of the fcmale , Dcpos ll1on of yolk granules.
indicatina that vitellog. nesi. has beaun , i' ea,ily d istingu ished in squash
preparation' of the vitellarium: pha .. cont rasl or pha .. mterfere""'" contraSI is
useful. as are some "alns (c.lI- fast areen). Changes in follicles may not be
macroscopically d istinct . for only in cases of .. riOtlS damaae are there chanaes in
Ihe shape:and colou' of unfi. <:dfollicles. How ever. 'uch chanll"' are very dIStinct
In histolopeal prepanltions . Chanaes in shape: are cha~terized by alteration of
the oriiinaJJy ""und OTo"al follicle into a n irreaula r fonn: chan gcs in colou. are
consp icuous a. dart enina of the fo!l';:]. a nd uohed materi al oft en grows opaque
(this shook! br:distingui,b<:d from the opaq ucoess of postv;te llogenic f"ll id",
duc 10 ~'olk deposition) .

It IS.-.ryunpo rtanttoesrimaletlteco nd"ion of the distal follicle Ii.e, the "k!CSI
one. 'i tuated distal from the genna n um and proximal to the o.' id""t) , T his
follicle u,ually is the laraesl . and socretion of chonon shou ld be macr05Copically
dlSllOCIat the timeof oriposucn: occasionally Ibis SOCTt'lIOnis al'" ..... in other
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follicles(es[XC""ly in . trophic ovanoles ). The ab<ence0( cborion or diminution
of distal foU'I.::\esindic~Ie at least partial stenlity . This d oes net exclude
production of eus by these Follicles(e_1_.microeus in Dlxippu.J""''''Su.J afler
trealmenl wilh juvenoid s (Socha and GclbiC, (973).

Fo1lirular epilhelium and follirular cell•• re very susceptible to tbe action of
cbemicals. U""oordinaled di'ision of nuclei lI\llY Ulke place, intercellular
membranes may disappear, .nd lumour ·like tissue "'ilb ;n-egular dusters of
chromatin may d.....lop, Nutriti"e cells of polytrophic ovanes are nol lIJually
alfected in tbis way. but pycnotic chanl\es occur in !heir nuclei.

Morpholop:: al and .lUotomical cbanges are a1sorel\ected in biochemical
processes. The follicul.r content 0( nuclei: acids increases due 10 chanseo in
folli:ular epithelium. The effects of chemicals on the ovar;es can also be
u.mined by monioorina chanl\CS in the activity of mitocbondri • . M.ny
compounds induce a manifold increue in milocbondrial activity.

Olemical e/fr:c\$on accessory JJands become .ppare nt in changes in lheir size
and the .l1ered colour of Ibeir ><eretions(in fresh material). In .uilably fixed
material (non-alcoholic nu tiv",. at best formalin). the amoun! of ><emion Can
be m""'ro9COpio:allyestJlnated and compared ....ith that of control $p«imens _In
cases where much ><eretion is dtpo$iled on th. egg surface. it i. poni ble to
eslimate pnd funelJon from tM point of view, A lack of sa: ret;on or minor
morpbological .hanges in accessory JJand mipt not affea fertility, but the><
f""'tors e.anmarkedly atrect the activation of.perm and thu•. indirectly. fertibty.
Profound cha nl\CSin acce>sory glands a.-. always ac<ompaniod by chanl\CSin
germinaltissu ....

In $p«;es where .pennatopho"", are formed either outs ide or in the female
body, It is useful to estimate the number aDdcondition of .perma tophol'ellin the
oorsa copula trix of fmibzed female>. The lack of "'"rmatopbo .... is an
mdicalJon dther 0( male .terility or of changes m mahn1 behaviour, but e\'Cnthe
occurrence of more ,permatopbores than ;n the unexposed control does root
eMult fertiliution of the eus in o>iducts. Th. degree of differenliation of
""iducu and out..- l\Cflilalia . hould abo be e~amined at d ..... tiOll. Some
biolop:ally acti"" compound. may upset differentiallon ofl,,""" organs and thu.
p...... nt II>: laying of otl>:rwi>enorma l eggS.

2.2 Male RtprOdlKlh c Orp ns . ... Spermatl>g"......

The preparation and observation of whok mOunU and the techniques of
histoloaical proceulOg han beend""ribed in the pltviOUi paragraph and alt
applicable 10uamination of male reproducti", orpn •.

In>ecllestes a re paired orpns con, ininl\ of testicle tubules (te>ticula r follicles).
ducts and ar:x;:ess(Irygland. _Theducl$ areconnected "'ithcopulatory organ•. The
testick tubules are elonpte. >e:sicularor globular organs ,n ....hich genn ilUolcell.
divide.l\I"owand differentiate. The lubule>number .. veral hundred in primitive
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<>rCkrsof in5«'ts (Pa4eoptt;a. PoJymd.abo4); ;n more ad' ,meed ones (Pata­
neoptera, H"lom elabola.) lbere are usually only 4- 7. Testicle lubules may I><
encase<!,n a membranous <at: ("""'lum). lbe y diff. rem iale from primordial ~Ils

mveloped In connective and peritoneal tissu.. very earl)". often during em­
bryogenesis "r at tl><lates' at the I><ginningoflbepupal sta~. Beforethe onset of
spermat ogenesis. tbete<licle tubulese<>nUlinm;tOlicallyd ,vidmg spermatogonia .
Some .permatogonia give n...to cysl .. n. ,,"';lh e<>mparati,,,Jy' .man nuclei and
linle 0)10pla..m. Spermatogonia are eneased in eyst ~lls. divide in lhem and.
tog<lher wi'h lhe .. lis. proouee C)''' ' , Spermalocyles de, .. lop from 'permalo­
gonia , Sperma tocyt.. of ' be first and second ordersdiffer from spermato gonia in
siu . stainability of lhe nucl.... and cytoplasm and lbeir rela.lJve.izes. Reduction
division of male gametes (meiosis) takes pla.ce in the sperntatoc)'te sta,.
SpermatocyleS develop into .perma tid. u.ually coolain,ng a la.rge, .as~y

stainable nucl. u. and almosl no Cj10pla..m. lbese .. Il<do nol di. ide. but are
p1ldually lral1$fonnc:din,o prespe,-ll1$and malure <penns. Cysl cell. generally
dlS,ntegrate <>Illywhen lhe transformalion has been completed and mature
<permul o .. nd into the sem;nal duct. In5«" sperms.apart from a f.w.xception ..
h '" on. lIaF lium and a well-differenuated head (with a erystalline hody in
higher groups) .

Th"'" zones can I><distinllliohed in the testicle tubu le of a mature male: a
dislal zone of grow,h (.OC)~led as well as f"'" spermatogon ia). a zone of
reduction di.is i"" (O)~ts with sperrnatocytes I and II). and. proi'mally. a
tral1$formatio" zone (cyStscontaining spennatids. presperms and <penns ).

DuelSconsilltof two lateral """"nal ducts and a common .. minal duct pa<$i"g
into an ejaculatory duct of ectndermal origin and lined "i th a cbitioous intima.
Seminal ,~icles .. rving as c"nta, ners of sp<:rm are siluated at various places in
the duclS. ACttSSOry glands may be of merodcrmaJ (mesadenia) or ""todermal
oripn (ectadenia). lbey eon<ist of g1andula.rand connective lissues and tbe"
5«',-euons make up ""m;nal fluid,5«'liOl1$for production of spe,-matopbo..... etc.
Outer genitalia are m""tly ",lerOlized and orve r)' di,.. rse<lutl"'" Tltein lruolure.
" 'hich may be rela.ti....ly complex and of dilfe,-en, nomenclalure ,n dirremtt
group". primarily consists of an orglnally paired penl' and variously mod ified
gooapophyscs .

Sterilizing effects on a lesti. are mac:rO$<'opica lly dist inct. especially as
reduclJon ,n ,he siu "r lnlieJ etubules as "" n as tbe ...·!>ole lestiund d.rangemen,
of differentiation of tlte ducts and OUl...-gennalia . Ho...-.,.-.,-. sterilizing effects
may I><manifested in a reduced numl><r of testicle tubules or derangtd
differentiation of teslicle tuhules from primordial tt lh-. showing eitber in a
marked reduclion of the number of lnlicle tubul .. {do"l1to I 3 in Polyoeoptera)
or OttUTTeOC'e of irregularly .haped tesl,de lubules. which in fact represent
.... ral fused tOl"tltcr. In contrast 10the ovaries, a tes" s in wbich differentiation
of the follicles has been dlSlurbod noed nol meancomplete sterility; such a state is
even physiolOglClllycommonin somegroupste.g.. Collembolla).COll$idmbk
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dilfC'rC'nCesin lhe .ize of the lesl .. bel""..,n n<>nnaland affeclffl Ind" oduals are

muc h more Irecuenr:tMwholetestisrna}' be reduced 1<>one-thad of il>on gmal
Ienglh .

Tox iccl><micalimay impa"diffe~ntillllon of seminal du<t. or dc",lopmenl of
the ... minal ducu may be tOlally inhibiled allhough germinalt;"'",," M"e not
bttn ",nou.ly damaged Tho ... me <:<>ns«juenc:emay OOCur"'i'h externa.l
lI"nllalia . Passage of malu~ 'perm Ihr<)UghII><ducl'l may I><blo<:ked. Or mating
p~''''''lffl bydefect.s ,n the copulatory organ •. Mocroseopic changes of aceessory
glands an: marufested in the ",me fashi"" a' in lestlCle tubules. Chan#, a~

primaril}' in .i",, ; howc' .. r. the deg= of filling of the duct.s and ... minal "esicles
wilh mature .perm. and lhe amo unt .nd qua~ty of s.ec~lion of the accessory
glands muSt als<>be cxamlOffl. Althou gh the _mounl of sperm in the seminal
duets and >em;nal ' ....iclesmay not be. decisi,.. indicator offenility. pronounced
differero:es ;n the size of seminal ' icks may be manifested in the mating abilit l
of males. panicularly in ,peele< he~ multIple mating IScommon.

Hislopatholoikal chan#, a~ often found ""ilh IuslOloikal procesSlng of lhe
reprod",, ' i"" <>rgans of males exposod 10 'o xic chemicals . T he germarium. apical
pari of II><teslicle tubule <onlai ning lhe >.orr of gro"''lh , ma)" be .ho ...·n 10 be
damaged by the .I"",ture of the apical cell . Histopa lhologica l changeo ' how
mainly in di!IConnection or degeneralion of <1'lOpla,mic <:<>n""'li"", ""Ithin
spermato gonia which 'hen be.oome pycn<>tic.caUSing tlo: whole apo::al cen 10
gradually disintegrale . The cell itself may vocuolale. or consp icuous re:sorptoons
may appear in ita C}10pla.m. Some <:<>mpound.directly' affecl spermatogonia .
Their effeclS .ho ... in inhibition of lhe milolic di""lOn of .permalogonla. in
dISOrders of t l><d ilfe~nllalion of C)'I cells. Ot In IJIC0 mpiete eocl"alwn of
""'on dary spermalogon ia. S,g.... of nOCrOijI' . such as p)"nO$is of nuclei.
disinleg,alion of C}'loplasm. formal ion of chaolic ')"II<)"Iia.etc .• mal' be found in
,permalogonia of t lo: apical zone.

A mar ked derangement of the proponiomng of .permalo q1e> oocurl in lhe
lOfIe of meiolic di"ision (layer containing .permatOC)les) "'Io:n reduction
di,,,,on ha<btt n mhiblled . Melos" Isblocked by aU milolic 1'01$01\"Ifthe~ ..
no Ia~r con lain,ng so:onda r)"'permaloclle< 10a lesl" ...here lhe transformalion
zone has al~ad)" bttn dilfe~ntlaled , il .I""a) " mean, that mei""ls ha' been
blocked . Cha nges in the number of ellCysled ,pe rmatocyl .. are freq uent. In the
C)~I of <:<>nlfol indi "odua ls. tltere sho uk! be an lK'Cura,e1)" ddim;ted number of
cells (2. 3. 8. 16. etc.) . Allcy.ts 'hook! contain appro xlOlOtely lhe .. me number of
cella. Greater dilferences in the num ber of eOC}1led.permal oc}1e<are ,he result
of IOhibited d,ff..-enlialion and division of getll'Unal cell,. Complete "enli') is
manifested by disintegralion and pycnosis of lhe nuclei of spermatOC)le<. Ios5of
their originally globular sha pe. or premature disintegration of C)"St!I.

In lhe lra n.f ormali<>n zone "'here cyota disintegrate and mature 'perms
dO"elop. we ' hould especially loo k for diSintcgra ting ~}1\$ and morphologica l
changes in 'perm and p~'perm , Disorders in tran.formation may· be.oome



apparent on premalure disimegnl1ion of CYStScontaln,ng ,mmature 'perm
Howe, '« , t,,"," changes noed not indica te sterility. because prospenn may
"'metim<1 mature only in the semin al ducl. Morpholollica l defects are rardy
found in sperm and prosperm: t""",, occur only ",'hen germinal cells ha'-e boon
senously damaged (pycnosi .. "a<:Uolation). Malformations can be 1><1,<1U·
mated in mature sperm. e,g .. the .hape ofhead. which is elonpte in most speci<1,
may be changed, or then: an: changes in diffen:ntiation of lhe flagellum .
Malformed spermsan: roon·fu~"onal. Their percnnage can be aseenained in
squash pr<'P"....tio ..... or ,n a Bi:ir~er chamber by the same melbod. used for
venebrale sperm. All sperm ""th the flagellum Should be motile: physiological
immobility of insocl.perm isconnecled with the lou of'he f1ag.llum. lndi"lduals
",'!lose sperm .. not molile are often sterile .

Ad"e ..... eff<C1lIrelated to histopalhologial changes ;n germinal ceUs can also
be found ;n otber tisoues of the male n:producti,-. sy".m, In atteo"'t)' gland ..
the structurn of """ret ion ep;thelium an: often affected (reduction of cytoplasm,
pycooses and disintegration of nuclei. "acuolati<m of cello) and disord .... in
secretion eMU• . Diff.renl;alion of epithelium is inhibited. or there i' a chao 'ic
formation of ,yncytia ;n case> of serious damag •. Slm;lar changes may appear in
,h. epithelium of the senunal duc', in perlloneal tissues and in connect;' ·. t;ssues
of'he teste., eo... of proliferation ", .. mbling tumour gro"lh. Slaning in lhe
connec,i,-e t","" , ha,'e b«n shown

Also. Ih. time .. qu.""e in differentiation processo< in g.rminal cells" mos,
imponant to the Slndy of changes in the reproducti'-e system , Transformation
mal ' be shift<d wilhout noticeable hi<topathological defecu. but males "ilh
immatu", 'perm ",'~l be unable to f.rtilize females . T herefore. it is al" 'ays
necessary lodofine accural<ly tha'SIag< of ontogeny in wlti<:hindividua l rones of
'estide tubules dev.lop in ord« to I~ a possible disharmony in lhe timingof
ind;'idual phases of spennatogeneSs_

2.3 Tho ;-';U"""' , of Laid Eggs and Hu d .. bili' l'

AutSSing the number of laid e&iS and lheir hatchability is essentially the only
quanutalive method ",,'o.bn g Changes in fecund ill' and fenility of inseclll. and
thi. ",flects the a'h-erse effects of chemicals on "ari""" pha ... of d",'elopment of
lheir reproduclive organs .

l"....t eggs are laid <itbrr ind,vidually or in batches ,o.-;posilion iseitbr r single
(i,e, only one mating and fmih .. uon are followed by • ,ingle oviposition at
,,'hich all eggs a", laid), Or muluple. wbrn a single fenilization i' f"llo"-.d by tM
laying of ",,'.-eralbateh .. of tUS- Repeated mating is rather rar e, Panhenoaenes"
(tbe laj;nll of unf~rt,lized diploid oggs) is ",lalive)y "'-idespread in insects and IS

especially common ,n primitjve groups and in social,n .. ,". , Part,al partheno­
genesis also occurs quile f"'Cluently

It ill my 10 in\'fStigalefecundityif I~ methods for Ihr ~rinl of ue
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experimental species ha>'e been well worked out Exper imenta l females .h ould
al\\'ty~ befertili2edonlybynormalcontrolma~. Iflhi~ ISDOl possible(afi'tc lM
field po pulation<). men at Ita$l by ma ks afftcled 10 dilTe~nt degr ees . If the
purpose of lhe experiment is 10 ascertain Ihroogh fenilily of females In whal
.Xl.nl lhe n:prod""live ab~ily of males ha$ bttn indirectly a ltered. it i$~ry
to mate lhe t~atod mal.. with ho.althy females. lbo females mU$t ""tura lly be
OhsoNed throoghool their adult lifebeca.... mtervak bel..-= ind"idual OOtche$
of ClIP may be IonlO1"or olhe""';$O diffe",nl from lhose ohsol'\'Cd for control
populations. II il u$Ofula lwa y$ to c>amine I $tuislically $ignificant sample of
trealed and control females . i.e., at lea" XI indi>'iduais in each experiment.
Besides tho number of laid eus , variali on. in their num ber per bat ch $hoold also
be nOled, as 'hould '''riatiom in tho number of balcbe$ or changes in habitat
p~f.",n::e fo' .ggdcpo$illOn and other compa rable fllCl<)r$. lbo number of egg$

laid under nalu ral condit ions ClUl be ..."luated only in .peeies Iayinll barche$
ralher than individual el!l" , and only in population< which ha" e bttn de·
monstrably affected as a ,,'hole .

Many compound, do 001 alter lhe number of laid eus bUI markedly aff.,;t
thoir hatcha bililY. It il pos$ible 10 de'.,; t , in thiS ""y , cha nges in tho fentli,y of
males because unfertilLted eggl do nOlha tch, E>aminatio n of hatchabili,y is also
lhe only reliable quantitati"" melhod for detemtininl roprod""tive inlerfere""e
in panhenolCnetic specie< in wltich feni lizalion does not affoet the number of
laid cus· If incidental sponUlnCOUSor geQi"'Phical panhenollOow. hu bttn
sho"'n in a specie<. ~prodllClion from .""h parthenollCno,ic indi>'iduais may
dillo n da ta on lho f.nih,y of males, indirectl y obtained throu l h data on the
number of eu, laid by normal females mated ,,'ilh the treated males. In some
caleS (e.ll" after adm inislration of juv""oid. 10 Dixippus _'0=.Socha and
Gelboc, 1973), a para dox ",al inc~a$O in ov,position per day may OCCUr owinll to
irrellUlarit ie< in the maluration of individual folli<:les, but hatchabilit y i'
minima l.

The causes of reduced hatchability vary . It is close!}' related to morphological
def«u of tgs (defect;..·. chonon enablinl d.. iccauon. defecl' .... microphyle.
etc.). Hatchabilily may he reduced by an incre... i~ tho mortali ty of ll"motcs or
Z)'goICS.by disordon i~ embr) 'ogenosi" and f",quently by lhe inability of fir$t
instar larvae 10 leave lho egg or bru k through the chorio n.

2.4 Embf) OF oesis

Tho <ludy of .mbl)'O~ic d.,,,lopment of insecl< is a ,tt y lublle melhod of
esumat,ng the effoell'''''''' of individual chemical alienI< ,nle rferinll with
n:pr od"" lion. Chal\3CSi~ ombl)'OjlCncsi, may appea r ...'e~ i~ lhose cases who'"
mortali ly ha' not i""reased nor ha"" adve"'" morpholog ical changes ;n the
de,,,lopmonl of ~prodllC,i"" orll"lIS occurred . Tho ro UrK of embr}'onic
development ca n be ob:so...-ed either directly on live material or on fi.ed



specimeo•. Examinat ion of h e malerial i. facilnatw by lhe Itan.parenee of lhe
chorioo (e.i- . in "' ater . lac,;c ac,d. oil. elc.). and by u,in g phase conlra't infrared
~&ht, or other tccbnillU" 10 i""rease rewlutioo.

Eggs an: fixed by placing lbem into 501ulio". al ",gular Intervals In order to
""'ord all 'Ia~ of embryogeD<'Sis. Camo y can be used for "'ho le .taining and
Huettner or Bouin for hiSlological processin&-Tile cbonon mUSIbe n:mo"w
eilher mechanicall)' or cbemically ",ith rod ium h)'\lOChloritefor wbole mounu
'laln w with borax carmine differenlialed in lactic acid. loluidine blue Or other
51ain •. Before hiololo&icalprocessing lhe chorion should be """"V«I or at lea..
punctured for beller penetralion of n:agenu and embedding medium. Sections
4---{;;rm tl1ld ' an: .t ained "'ltb Heidenhain ' •. Harri" . or Mayer . haemall") 'hn.
Pappeoheim. tolu idine blue. etc , The mo5t .uilable fixation and staining Should
be tned hefon:hand for each .pecies $Iudlw .

Then: an: two main lypeSof ill5eCtembryoge.... lS.The mosai<;de,'e1opmental
Iype (Diplera) is characterllw by early d<termlnation of embryon ic "rueturcs .
Damage In ,ucheggs ISmo" often ""'ealed in malformalion of corddiciency in
lhe damaged "ruclu re, Hn"' '' e r . later d etermlnallon and a con. iderable abi~l y

to compensate for or repair damaged "ructo"" a re lyp ical or the regulation t)'P'
of d......lopment (Heteroplera). The t"'n (\e, .. lopmenla lt)'pe< an: nOI .harp ly
delimiled. lhe differe""" is ralher in lbe lime "!hen d...'elopmenl can .. ill be
5OrIIe\l,'hat regulated . or bc:fore "hich determinalion hasal", ady taken pia« .
lben: an: maoy intermediate examples (Lepidoptera. COIe"fltera) bel,,-ee-nlhe
110'0exlreme I)'pes, Emb') 'nnic de,-.Iopmenl ISmuch 'horter io dipteran eggs
"'itb lhoeit early determination lhan in egg< of those species whe", determmation
begins later.

Di50Ne.. in embryon ICde,.. lop"" nl rnay re.ult from damage to g. metes
dunng ongeneois and spermatogenesis. or from tbe aclion of cbemical. in the
de,-.Iopln g embryo, The final effect depend. on l be characteri .. ic5 of tbe
ehemical ... "·ell ... on the type of embryogenesi.. n lhe it, 'en ' pccri. Therange or
dfecu oneggs or tbe ",gulalJon I~'pe is much wider lhan m mosaic eggs bec.use of
the' r greater ability 10 repa ir induced .b normati ties.

D. mage 10 genelic rnaterial , i,e. embr)'o nic:lethal mUlalions. is moSI often
maniFesledd uring cleavage d" 'lSionas a delayed effect Karyok ineoi, is innialed
b)' chromosomal aberration . dunng earl)' cle.v.ge di'-ision and. con,,",!ucnl1y.
chro_mal bndges. re formed. The bridges can be identified byC)10g.netical
method. In section. or squashes (>!ained ...·jth Iacto-Ke1o-<>tceine). Species "'ith
dilfuse cenlrOme~ .re "ery ~j'tant to formatIon of chromosoma l bridges.
Chromoso mal fragment. rema in in the nucleI of daughter cells and lhe"
rearra ngement give. rise to reciprocal transJo<:alion" Reciprocal lran.locatio,,"
u ".. 11... deletiolU of local charact.r (typical of Lepidoptera) orten appear onl)'
in the ad' 'a nced .tages of embr) ogeneoi•.

Compound, prod ucing effec.. or other kinds (e.g. antibIotics. analogues of
inltt l honno nes. etc.). which do not so drasncally derange chromosomal
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matenal, are effccti>'e ratber on tbe Ievei of regulation of gene acu>'\ty.

Development is not inhibited durillj clea>"ge di>'ision; ho"'.. ver, disorden in
germ band formation, gastrulation. and tbe development of malformed ""nia ·
ture embryos have been caused by such compounds . Physiologically e>acting
processes, such as in ,""gination of the germ band. blasto kinesi' and hatching. are
frequently disrupt<:d.

Q'heTd=lopment.l stages are aff"'ted hy compo~Dds with sp<cific toti;
elfe<U (mito'ic poiso~ respiratory poiSOns. compounds damaging the
deposition of cuticle. etc .),

The result, of contemporary research ha' -e shown that if halChab\~ty is
reduc<:d by a leS' compound. tbe study of embryogenesis may yield valuable
additIonal data of considerable praetil:.l impact, .uch as the eIf"'t". con­
centration" effic3C)of >'anou, methoos of chemical application. determination
of lhe m'""su"."tible phases of embryogenesis, and the eff"",-,on dur-Illon of
the dlfferenl t)'pes of embry'onic d" .. lopment

2.5 " Iort . lity during P05tembr)'OIlieo.-. -tlnpmeru and \'a riu ions
in .\ loMalily·in ,Ite '-ollo",ng GtnfflI,i<Ins; Ou" ,g O'$in
De>-tlnpment .I>d Mallng lIabll$

To q""ntify reproducti>'e·related mOrlali')' . it " first necessary to di. tinguisb the
proportion of de.ths due to ""tural causes (al...·. )'S higher under natural
conditions than in the IaOOr.tolY) and that proportIon of unnatural duths
cau'«l by factors other than tho<e interfering ,,"'h reprodue-tion to the parental
generation . Thi' task is not al...,,)s ea.y . Incre.'«I mOrla~ty of first in"ar larv.e
ofille fitst filial genera tion is common in e>periments with toxic chemicals . This
effect is due to defect< in embryogenesis .Dd hatching . E>'ldence of abnormality
may sometimes be det"'led in the later instan . Higher mortality in filial
generations is often indueed genetocally tbrough lethal mut ations. There i. lillie
data supponing the idea presen tly. but in '." ..... 1 ea"", dominant lethal
mut ation, bave been induced by cbemicals (for examples see LaChance and
Riemann. 1964; Valko' -;' and Grosch. 1968)

Su,rili' y may be l1>dlrtttly ..{{ribut<d to ohanges in 'hoelength of d=lop""'n' .
most often by do""ing its rate (occurrence of ,upomumerary laNallnsta .. in the
case of juvenoids) or to changes in mating beha>'iour. Mating may be shonened
by variouHompounds thus reduci ng tho probability that ferti(~ation wi((OCCur.
Tbero .ro .lso a large group of oompounds ",'bicb impair orientation in insects
seeking the opposite sa through pheromon e allrnctants .

2.6 MUlag~nk Chan~ In Claro""""",,"

Mutago...c changes induc<d bychoemicalcompounds (Fahmy and Fahm) , (954)
may affect somatic ceUs (somatic mutallon s) as " .. n. s germinal cells. On (y One
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chromalid or lhe whole chromo"""'e may bo damaged, Susceplibilily 10 lhe
rnulag"";", eff""ts of chem;",al' depend. on lhe numbor and ,hap< of chrom<>­
somes, 1}'j)CSof c.nlrom~ and Other propert ... of lhis chrom05Omc arid
specific chocmical. lridividual d...·. lopmemal 'Uge< also dlllh in lhocir.uscepli ­
hifily 10 mUlagen;",eff""lS, I I has been fou nd lhallhe number of genetie def""lS
(chromosomal aherr al;" n, ) iN:rea.... in proportion 10 iocrtased d oses of
etT""li"e compo urid•.

j THE r esnx c o r En 'ECTS or CHD tl CA L'> ON
REPRO DUCfIO N

IN .l f li SCA DQMESTl CAL L (Dl PTER A. MU SC IDAE )

M usco oomnlico is a suita ble ,pecies for use in lesting of chemica i etT""t' on lbe
repr oduclion of insecl•. A genelically w.l1-<lefinedWH O Slrain ca n be used for
expcnmcnlallon (WHO Sta ndard Insecl Slra in Reference Cenlre, Pavia. haly) .

Houseflies are reared in a medium consislinll of 1lI031S.)"''''1 arid milk (1000 I.
3 I. 1200 ml). Pupat ion 13k.. place in lhocupper layer of the medium; pUp"e are
lhen nansfernd imo calles " here adult. are fed a mixlure of po""ered Io,,'·fal
mil\:;and suga r (I : I) and waler. (h' ip""i l ion medium . tbe same a' used in larval
rearinll. i. placed via .mall cups inlo lhe calles arter 6 day•. The tempera ture of
the rearinll rnom Should be 25':!: 2 C. RH 6G-~•. pholopcnod 18 L , 6 D

Chemical. can be adminislered 10 ' ·alinu. de,..,lopmcntal 'talIes, Ho" 'ewe.
o, .. nan de''''lopmcnl in adult nics is the mOSISUitable stage fDf lhe study of
ad, -CTSCdr""u on reproducli, .., funclion. Controls reared under the same
oond ihoDS are necessarlly e"alua ted al lhoc same lime, and all parameters
eXllmined for expcrimcntaillies are oompared 10 those of conlrol specimens.

3. 1 T <sl> 011La ,,-..

3.1.1 In 1M lledlum

A tesl cbernieal is mixed Wilhlhe slandard larval medium (m g of com poutid per I
or dry medium) and acertain number of larvae of a ddined age are placed into lhoc
mixture . EIf""u on """ Iy Ia;,j eggs can .1", be aSSCS5ed. The follo"-;n,l
characlerisllCS arc examIned: survi, .. 1 of larvae: pupallon: aduh cmerllCOCe:
fecundlly atid rertilily of adulu: Slale of ovaries and restes in individual 'lages of
the dC"elopmen l of tcprodU(:u' -e orllan s <al cert ain inlervals): and
embl)'og enes;s.

3.1.2 T"piro! ApplicalWn

A test compound dissolved in acelone (l: 10: 1:100: ['1(00) i' a pplied 10 the
sur racc or lhe larval body (1- 21/1a«ordin g [0 Ihe sileof lhe la" .. ) Except fDf
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larvae ready to pupal e, experimenlal animals are lhen placed in fresh medium.

Thesameparametm as listed in tbe pre\1ous case are again examined

3.2 Ttsts on Puplle

Newly formed or light brown puparia are treated with compounds dissol. ·ed in
acetone at tbe same concentrations as in !a,, 'al treatment. The followmg
characteristics are examined : aduli emergence, fecundity and renility of adulu;
slate of ovam and lestes in individual Slage:soh he development of reproduelive
organs (at certain intervals); and embryogen<si$.

For examination of ad\'e1'Se effttu on an aduh thall\a$ nol yel emerged. part
oflhe pupal case can be removed attbee<phalic endand 1JlI ofth eoompound
dissolved in acelone administe~,

3,3.1 CompoundJ AdminiJle",d in Waler

Tap waler SOlutionsal concentralions of 0 .1, 0.01 and 0.00 IYoa re admimslered
10 I""eral adults and replenished every 3 da y$. The following characleris\lc s are
examined: fecundity and fenility of aduh .: .late of ovaries and tesles in
indiv;d ual .lages of lhe de....lopme nl of reproducli,e orpns (at cenain
inlervals); embryogenesi,; and fecundity and fertilily of F, generation. if
necessary. Ir the effects of lhe compound are con'!'lCuou" experiments a re
repealed fordetailed delerminalion of morphological and anatomicalchange:s in
lhe il'owlh and developmenl of Ihe Dvaries. A suilable rnelliod for accura tely
defining the time il lakes a toxic chemical 10 acl and Ihe manner of lhe
compound's action is by injeclion of 2_16 JIll of lhe chemlCll,n ph) li olDglcal
SOlution into Ihe upper left quadr anl of the Ihorn followed hy repealed detailed
examin ation as descrihed above ,

D .2 CompoulUh Inso'wb/r in Wau-r

Compounds insolable in ".-aterCan be lesled by lopical a pplication of aceton e Of

Dll\tr non·lOXICsolullons In concentrations or I: 10. I: 100 and I: 1000 once 10
both sues (2 Jll ) 6--10 hours after ernerg\'nce from lhe pupa. The loarne
charac .. ristics "" in section 18.3.3. 1 are lhen examIned.

3.4 E:,...... lio.. Df CIdDge$

Changes caused by chemicals administered to any of the de'elopmental stages
are currently evalua ted lhroughout experiments according to the parameters
shen abov~. Narurally, <valuation of dc>doping o"am is of prime imponanc e,
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FiJ.'" I Sk""hcs of intern.1 '<prod.... l.. "'pm of in...," with d... ,k of 1<.... 10:o... ,ies; malo:(I) ond feonole(2) ink, ... 1
rq>rod ....li • • "'Pons, ~1 &lando dOlled, ponoia'ic (l) (a'rophie ); rncro;,nic-poI)'lrophie (4) and ro<,oiIII'ic_klo'rop/lie (l)
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wi, •• • def.", no; .. , oeminal ... icle; «I, e)"" . Io' or y dOCl; 'J .~y J londS; 0' , 0 ,,"' '''; 01,ovo,iolel. ; If, Ie.rninal filam",, ; 10,
Io'<nl o.idoc' ; co, common (rnr:dian) o.idUoC\.' •• ""I .. ; be. b. ... corulatri . wl,h li ond; <p• •pcrrnalhec .; .. , .. ,rna,lum : vi,
vi'<II.l,;.m ; ... , OO<)'l"; 'P. troph<><:)'IClI; f•• follie.Io, cpi'hcb.m , ie. Int<,follie.Io, ", liS; ce, e )'lo plo, ,,,,,' ie co« "
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e,th.. by e""mlJlinll ...hole mounts I>rby histological methods, The 0"""""are
dissected at regular intervals (3. 6.9. 12, 1S. 18and 21 days from tilestart of the
experiment), ....hole mounts of onnoles are preps""", and iDdividual com­
ponents of the ovariole as .... 11as of Ihe egg chamber are examined usinl phase,
aDoptral Of inlerfe~e conlrast, and compa""" with the d...'elopment of
untreated II""",

3.4.1 NomtoJ lkulopment

Embryonic de-,,\opmem in tbe hollSelly takes 13 "" un. under standard
condit ions. Eggs are loUdin an inhibited fint matu ration di"sion. When
maturatioo division iscomplete, tbe male aDdfemale pronucleifuse aDdcbvage
division of the zYlote takes place. Cb ' .. ge n""lei produced lat.. miva le to the
egg surface. forming periblasl aDd, wben cell membranes ha"e de-'eloped.
blastoderm, A cap of ]X>lecells is formed at the lX>Stcnor]X>1e. Some of the
eleavage n""lei remain inside lhe yolk as v;te1lophage$.A II<tnl biand differen_
tiates on lhe "cntral sodc of the blastoderm. Stomodaeum and proctodaeum
de-'elop a, """II as the cephalic futTo.... and ""ura l ridges. Organogenesis is
eonnected with segmentation, the germ band is shortened, dorsal e10sureoccu,",
and the head d..."lops . La",.. l structu"," are completed aOOcuticle isdeposited .
The larva hatehes ,.-hen embry<lgenesisis finiShed (see Figure 19.4). Larval
d",'elop ment lasts S days. pupal stage 7 days . The paired o' .. r;es of a teneral fly
con""t ora gennarium and vitellariwn . Eggchambe... develop in the germarium
from oocytes, nutn ti,,, and follicular cells. and then enter the vitellarium . The
whole ovanole i' enveloped in tunica propria aDdby its pedicel ente... the lateral
oviduct (Figure 18.1). Only the first egg chamber and germarium are present ;n
the housefly ovariol< immediately after emergence (differentialion takes place in
the final pupa l stage), Yo lk is a<X:IImulatedin tbe oocyte durinll the next few
day,. the eu ehamber rapidly grows . and the second eu chamber d.... nd' from
the germarium . A malure eli enveloped in chorion ill ready in the o"Orioie ,,'hen
~olk deposition hegins in the secoOOe811chamber (Figure 18.2).

Eacb of1""o testes is pyriform and is formed by one teslicle tuhule. Accessory
lllaOOsare absent . Their fun::lion ts replaced by secretory activity of epithelial
cells in the ductllSejaculatorius (Fillure 18.1), MilOlicdivision of Spermatollonia
and meiotic div,sions of SpermatOC~les has already taken place '0 the larnl
stages, Spermatids and Ihe first ma ture spermatozoa can be found in the testes of
the pupa. The process conlinues in 1IIeadult. In the apical pan of the testis there
is a zone of primary ,perma t"ion ia wbile secondary spermatOioni a are silualed
basally. 1l>e secoOOaryspermatogonia a re organized into cysts ,,'here d",' elop­
menl continues, On all sidesof the tesres there isa do "..,...-ardsuccession from Ihe
area of spermal"ionia of primary ' permatOC)1esto secoOOar)'spermalocytes,
spermati ds. and sperm (Figure 18.3).
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~'."'" 2 Nor .... 1 and chtm lCally aff<etw dt ....IOJ>I"O'Itof tht OIl d ...mbt n .
M ", ro do"'Wico ( I) DOnnaldcv<lopmcn'of'ht fi'" aDd s<coDd<K chamber>aDd
t<rmarium (anoplla l con" a" ); (2.3.• ) do' clav .....n' a ffec' ed by chemical.
RCS<lrJlIioo of ,be coote"" of ... . bamben aDd .."marium follo"';n l prolifcn ' ion
(a""P ' ral C<Hl,...,),(S) prolife .. """ of folli<ular <pi'b<:bum, (6) PJ'motic n""ki or
nn,n, i.. cdh (H<idtnha,n'. hacrnato.)-Iln)

3.42 CMl1gU IruJ"ud by CMmictJu

Admin"',,"ion of . hocmicals(";t ller '''P ical or in food ) may affcct tile folIo,. ing
dcy<!opm<ntal proce ..... ,

(1) ,.", ·i' ·al or larvae. La",,,1 gro ,.1h in the medi.m Li,,·.1 rnorta~ly
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Fi!lur< J No"" al and chemically a ll"<et«! d<,~lopm""t of . porm. ' '''') ......
Sf'O'JOP"'" Iitto ",Ii.f : (1) normal d evdo pmen L op;ea l <:<11an d <lilfem1 ' ... p of
1J'<"""'oser><>i';(2) cffCClof chcmic&l OUMl&nCd;pjCl>OlK: Il"" lc:iand 1><CrOIl<
>p<nnlltoe) 't<l (Harri ... 1uIrnl'1"'l~n. _in l. Lq,;"QI ",,,,, ~m1_,o
(3) no, .... 1 ",ale. (4) """'oon thronch , uM(lUr·h~. I'I'0hr.",,,,,,, .n.,. tr ... lm<n'
~ i'h eMm".1> (Hum ', h.<mot e .yho . _,n) . .1/"",,, domm;<a - (S) norma l
de,'. I"l'TTl<nl,(61d<>'.I"P""' nl . ff",,' ed b)' "h'm;cal • .• bs<r>c<of;mmat"" ""''''
of sp<fma'OFn..a (Hcidrnba in" h.a<mato'j'hn )

(2) pupal;on. Number or law •• which ha,-.pupated, ,h ap< of pupae (rour<!.
elonga te. irregularl , pIgmented). their ,iz.(compari"". of lhe weillh! of
.'perime nta l and I>Ormalpupae i> =<>mmended in ,pee;al ca..,.).

(3) adult .merge~e. Number of <merlin, adults. conspicuous <banp in (heir
"lemal m"'l'holo llY(nOll. tn:1Ched ....ings.etc .) . NOl yel emergin g pupae are
exam",ed for lhe lid broken by head. The pupa. thaI ha,'. not .m.~ .an
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Fii~re 4 No,.."..' ond d ltm n l ly off<CI«l de...,l<>pm<nl of 'ho embr}o
.tI.s<" Jo",.,Uc,, :(I) forma t ion of bl'''' '''.,.m. n'>lmol d""dopmo:n t (af1<r 120
mmu t.. ), (2) d<' ·olopmonl inhiM ed ," lhe .. ag< of a fow "" ... ago:n\IC1<i(ofI'"
120 ",mUles) . P>u h« ", u apl<"''' (3) in vagin oh on of ,he i"rm baod, norm .l
de,,<IoPtn<1lt(46 oou n ) ; (4) Ill.st olcindi >, norm. l d.""lopm.nl (110 !lou,,);
(5).mbr,/<> .tk r bl.sto kinosi•. norm .1 devdopmont (120 hoon);
(6) d" '<iopment ,nNb!I«i at de.s.g< division . (7) d", ·.k>pmont ,nhib ited In It..
germ bond 'lOp' . (8)<mb r,/<>,,·i,h • \0».. dove< of organ, .. tLon. outicul..
"n."u~ prev oil;(9) developmenl of mini.lure malform«! embryo
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be di'secled i~ ord.r to find o~t whetbe r th. pupa is Wlpty (d.ath d~"ng

metamorpnosi s).
(4) rec~ndity and fen ibty of adults . "Thenumber a nd hatc hab ility of laid .ggs

(100 ew are placed"" filter paper in a Pet";dish. larva< are coun ted 24 hours
1a~r: thISis repeated aft ....48 ho~,., and final hatcha bibty i. expressed in per
c~nt) . Th. number of segm.nted and black non ·hatc hing.ggs i. recorded
The number or.ggs per f.male can be d.termln ed in comparison with the
control (individua l couple$ a", kep t separat.l y)

(5) Wlbryolll'nesis . Mo rpbological and anatomical evaluation of the Slat. or
de....lopment at ... rioo, int.rv al" using ,,·hole mounts or histologic. 1
prepa rations . Inhib ition or d. velopment in early cleavage division. di, ­
int.gration of naclrie materiai and la~r of tbe enti,... content of tile egg.
Death In more adv aooed " ages of embf) 'Ol.nesi. i' excc-pli"""l (e.l. of fully
d..... loped larva.) . Embryonic death i. indicated by diff. rent coloration and
stai""b ility.

(6) fecundity and fcni lity of F I l!'Cnc",tion. In tile cue of strong muta lll'!I$. th•
•ffects of the chemica ls on F I l!'Cneralloncan be in'~tlgated byd~t.nnining

hatc hability .
(7) '!lIte of ova ..... and leSt"" during <le,·.lopment . Reprod uctive organs

dis= ted in physiological solution a re first examined u. ing a binocular. then
a pha ", micr<»oope. Histological p""p""' tion, are mad. by the usual
method ' (FilUle )g.4),

Administration oflow dose:sof chemical. ~ults in limited hatchabilityo f .&IS
(or its controlled inhibition) while th. normal >trueture of eggs and normal
course or ...it.Uog""""i. is preserved. Embryonicd..... lopment ma y be inhIbited ,n
various pha.... an .x trem. casc being tb. ina bibly of a mature larva to leave the

'"Oulnges of ano'her kind a re ~ausod by lbe m«liurn range of concentration"
TW ltally these changes Ottur in lIidividua l par .. "f the eggc hambercausing the
. ntire structure to cl'lOnlll'd uring d.v.lopme nt. arid n" .w an: laid, The
f"lIicular epith.lium. which has a n imp<>rtant function in tra nsport and synthesis
in the growing .gg chamber. is highly suoceplible to chemicals. N" nna lly the
epithelium is formro by one lay~r of eclls. which d" n"tdivid . "r panicipat . in
the d.,·~lopment of chonn dunng tbe laSt phase of vitellogenesis. Tested
compounds mu.t be admini. t.red "i thin 24 hours from adult .mergence Ifelf"""
"n f"llicu lar cells an: to be fuUy manifested . Lat .... ttellt ment int.rf ..... ,,·ith
,'it~llogenic proc ....... but the "",,, rid egg chamber i' entirely unalf<eu:d. The
nucleus of a f<>llicularcell begi", 10dividt "ithin ol--5da) 'Safter applicau,,", "fthe
compound. Mllosi' d<>C1n<>tOttur . Th~ cen gro"" without dividing. while ,h~

nucl<"icmaltr< conl,nues to d" ide. Th~ pr.,.ess always btgins in the OOC)1.
region and ,preads through" ut tbe ["lIicutar epithehum .A Ihick belt "rr"Uicular
cell' with acti, .. nuclei i' alwa y, formed amund the egg chamber . Nutri'i"e c.l ls
are nol a ffected by tlus multlpJic:atlon: bowe·'r<. their nuclei undr</!;<>pycn,, <i<"r
chmmatin form . sman clusters . Cyt<>plasm of the nutrili". cells "acuolates .



When Ihe lumouc- like prolifecation of follicular epithehum and nutrilive cell<
""'lllIn lhe oocyle dlSinlegrate and are resorbed. only a folded vilellincmembrane
""ilh small remnants of follicular cells remain ~I the place of lhe egg chamber .
AlmOSI~11 egg ch~mbcrs in ,he ov~ry ~rc ~ffecled in lhi' way, QfIlya small
perccnl~ge sho'" .ign. of yolk d"l"'"ilion wilb subsequenl resoT]llion oI'lcn
acromp<ln;ooby bu:arre ,haping of,he growing eggchambero . Proliferalion a lso
appears in Ihe second e811chamber, bUI never 10 .uch a degree as in the first
lx<;aus<:of Ihe second cbamber'. 10....a<:livilyal lhe lime of lrealmenl . The
1lI",""1 doses of chemical' 101~lIy inhibil ov~ri~n gr""'1h. pos.sibiy c~",ing

de~e"'lion and resorption al lhe end of de>'elopment. Ho" ·ever. Ihese effects
are occurring al near Ielhal d""" (Figure 2).

Changes in Ihe developmenl of male reprod ... I,, 'e organ. lx<;omeapparenl m
an altered ,hape of external genilalia, deranged diITcrcntialion of reprod"'li" e
duclS. inhibiled devdopmenl of lOCCC$$Or)'gland" and disord ..... in spermalo­
genCSJ'. Chemicals induce pycnos.. of nuclti m spermalogon,a, nec" .... in
spennaIOCy<c<.Ordevelopment of abnonnaJ spenn . Th=ma y be malformed in
"ariou< "11)'>.or immolile (examinatioo of whole mounts) , Squash prepar.uion<
display chromosomal changes., .uch as translocalions or chromosomal bridges.
Trealmenl of adulls generally produce<change<in lhe d.. -elopmcnlof sperm QT.

rarely. lumours in lhe testes or seminal ducts .

~ TlU : TFSTI NG O f me ers O f CH D- li CALS
ON REPRODUcrIO~ 1:>0' l' YRRHOCORf S AP TERUS ( L )

(IiIT ERO PT ERA, PYRRHOCO RlD AE)

Adult 'poell"""" of P,-"h owr iJ aplUUS L arc reared in <po;ial cages wilh nylon
nelling on lhe bollom. fed on hnden seed and hp. al 15 C and Ig·hour
phOlopcnod. Eggorail from lhe cages inlo Pelri dishes and are collecled al 30·
minule inte,.,....ls. They an: Ihen placed on filler paper in a Pelri dish and
incubaled in a lhermo>lat,ca11yconlrolled atmosphere un,il lhey hatch

~. I Tt<ll; on lan~

A I JlI drop of """0"" ", Iution con-espondmg lO 10llg ,,'ilh a k""" 'n
concenlration of an orpn>:: ItS, subs,ar<:c is applied 10 lhe firsl abdominal
sclJl1lCnl.Developmen, of ,he rcprooucli'-e appara ,us i' examined in connecti""
"'itb moultin g into furtber ,tage< and lhe fecundily and ferlilily of adull$.
Compounds S(>lublein "'ater are alS(>adminiSlered a, tap ",.. ter solulions ' 0
e,perimental,n"",,. , The $3me crilena arc cxammed ,

Chem>::alcompound. are adminislered 10 females in the $3me ".. y as 10la,, ·ae.
The foll"",'ing para melers an: then examined, oogenesis: number of eggs per
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f~male (compared wit h comr(1) : >hape a nd si", <>fegg$; hal~ habi1ily : and
ernbryogcn($i$.

4.3 T..... 011Eggs

E;11Ia pure ~ompounds or the ir solulion. in ""elon. or oil (on. drop
corresponding to 10/,g d; pur. compo und or solulion diluled I : 10. I : 100.
I :1000) an: a Pl'lied wilh a fin. glass $lick 10the am .";or or poslerio r poleo of
eggs. Otllaeggs a", dipped in lhe solUlion or put in contact with papo:rsaluraled
wil h an acetone 1($1chernie-al "' Iution. On ly lh• ..,h ·n>, i$ app lied 10 ~onlrol

""
4.4 ha luarion or Chanll"O

4.4.1 NormallH w:k>pml'nI

The o....nob or Pprlt ororis apl.rus a", ohhe 1.101rophic 'ype. Futun: garnel($
di. 'id. and diffcren" a,. into oo<:yteSand nu l";' in""l b in lhe l!"nna";um. Yolk is
drpos lled ;n III<vitellanum whe'" oo<:yl.. al'(' "'rround ed Wilh foll;,;ular c~lI•.
00<: )1" in telolOphic o"ariolos al'(' nunured by nUlriti. '. as wellas fo llicular c.n •.
The nu,riti.,. cdlo remain in III<anl.rio r pa n of the ovariole. 5<:nd;ng out eor<!·
lik. proje<:'ion. through which nutri tio<lftows to ,he oocytes . The 00<:}1e gro""
and undergoes malunltion divioion.

The male ",pr<>dllCti'.. apparatus of PJ rrhocorls apler", (L.) eon>islSof a pair
of 1($1($,e"" h of wruch is fonn ed by seven teStIcle lubuleo opwi ng into III<
seminal vesicle, Each seminal d llCl is d ivided by a fin. mernbr-ano into apie-al
llCnnarium and a parleontainin g <yolO.One , sometimeo 1"'"0.apicaJ cellooocur al
III<apex or each t... t,elo luh ule a nd all: conspicuous by a larjle nllCleus tieh in
chromal ;n, surrounded by a thin layer or cyloplum ,Cytop lu m ;.. urro untled by
a group of pyriform cdb. rosette ·forming spermalogon ia, al.., w;lh Iari. nllC"' i
and rich granulation, C}"10 contain groups of germin al cells of III< sam.
dnelopme nt-ll St-lgc: Spcr-matoio nia, Spcr-maIOC)1eSI and 1I. and spermatid> .
Spermalozo id> a ", formed in til< pos t. rior pan of the lestick lu bule.

C)'l'to containin i primary >pcr-matocyl<S hl" e very small. ma rkedly >taincd
nllClei. The lower situa ted KCondary >permalocyt .. Ita. .. lar llCr nuclei ;n which
12 chromosomes can be distingui. hed, T il< nucl. i of sperma tid> have large
nucleoli . SperrniogcneoioIlleo place in Ihe pos t. rior pan ofl ll<semlnal dllC1,Th.
finl >tages of t~sformatjon occur in cysts ""hich later burn open, n:1ea5ing
bund"" of spermatozoids,

Male and female pronllCloi fuse an.r oviposil;on and compleli on or meiotic
division. The Z)·gOI~ unde rgoes severat cleavag< divisions prOOllCingd e..... g.



EjftcU ofChtmu:a/s()tl ,he R£prod"C1;.tFwM,if)nof Insects 435

nuclei. Some of these "'main inside the yol~ a, viteUophages. while the others
migratt to the elli ,unace forming sunaee periblast and. after formation of
cdlular membmnces separntin g nuclei. a on.. layer blastooerm . The genn band
d"velop$ from the blastoderm on the "entral side of the egg, and laler is
IDvaginated. Segmentation of the embr)'o i<connected with the development of
embryonic layers. Stomooaeum and proctooaeum are fonned . oral appendages
and ext"'mities begin to develop. Bluto kinesis (",volutioo of!he embryo) se,,'es
to facilitat e the utilization of yolk. Dorsal c105ure then takes place and
embryogenesis i~ complet<d, The emi", embf) 'onic dO"elopment takes 168-180
hours at 25 'C.

4.4.2 Change; Ind"' ed b}' Clltm,co!;

The <ffeets of chemicals appear in the formation of egg chambers, a ''lIrian
de"elopmem is inhibit<d and the numher of laid eggs is reduced. or eggs differ in
size. Inhibition of mit",i< In the apical trophocyte. result, in depletIon of the
nutritive tis' ue of older females. follo" w by disorders in previtellogenesis and
acti,'uion of oocytes. The ooplasm of young OOC)tesusually vacuolates , Durin g
thedi"ision of the prefollicular syncytium, y'oung folhcular or interfollicular ""lis
may' be del'llnged. The follicular epithelial cells .re unable to produce the
nutrients essential for yolk synthesis because of their limited development. Egg
chambers often eomain t,,·o or more oocytes (compound egg chambers) as a
resu1l of p",follicular tissue deficiencies caused by inhibillOn of mitosis in the
tissue, Muhiplied germinalelementscan also arise from the origina lc)-Stoblastby
its supemumel'llry division.

Chemicals can . If",,! testes morphology a, "ell as spermatogenesis and the
,'itah!y of ripe spenn (a.permia or inactivation of spenn from sterilizatIon sliould
be considered). All stages of sperma togenesis can be affected. ResullS ,liow that
spermatogonia undergoing d i"ision are the most offected, lessaff""ted are young
spermat ocytes. and leasl of all lbe stages "f ,perma teli05is. Whole te,tes become
atroph'oc a long willi destruction of germinal cells. The Induction of d"min anl
lethal mutat ions and the efTeetof compounds on spermatogenes is are "ften
follo"'-.<Iby a reduced vitalily of spenn .

Compound and small .. ized eggs do n" t develop. With chemical' alfeellng
genetic material. lhe d...·el"pment of some eggs i' inhibIted al de a,'age diviSlon.
The "thers d....e1op unt il the Slageof blastoderm formation. or invagination of
the germ band. Aberrations can be obser"ed in lhe f"rmalion of the embl)'''
(absence of certain slructures. asymmelric arrangemenl . dusters of non_
differenliat<dcell.. ele.). Malformed miniature embryos frequently occur. as " 'en
as inhiblti"n "f emb,-y" development al bluto kinesis. AI$(>.fully de"e1oped
larvae die in the eggs. Embryos which ceased lodevelop in one of the mentl"ned
,tages som"i""" survive in the egg for quite a long time. Emb'l-'onicdealh 'bo"'s
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In a cha nged colouring of the eggs. M,nlalU,.. ma lfOf1nl:dembl)'OS often a",

abnormally $l.,o ngly pigm<:nted (Figu", 4).

3 T HE TEST ING OF EFFECTS OF CHEJ\.tIC ALS ON
REPROD UCTION IN S1'ODOPT ERA LlTTO RALI S (BOIS O.)

(LEPl OOPTERA. ;\"QCTU IDAE)

Sp<>dlJpl~ra IillO,al". lhe Egyptian coUon leaf worm. is a sun.abk. r"om·
diapausi ng .pooies for labora lory rearin g. Tile a n ificiaJd ;"t u~ for Ihis spooies
iscomposc<l ofbe ans (200 g). b",,,,, ,'s yeast (20 g). agar (20 g),ascorbic acid (4 g).
vitam in mixture (6 g), pr="'i ng solution (22 101).sodium benw a lc (l.~ g) a nd
distilled '.ialcr (1200101). The ",aring m<lhod ha. been described in detail by
SchnaJ n al. (1976)

Teslcd compound. can be applied to la,,"'e. pupae and adults ellhe, topICally
or injc<:u,din food or by fumlg3.lIon (sec seclion on MW<:o do_,,;"o) .

3.1 [ .. lualioo of Challgn

5.1.1 Normal De~lcpmtm

The f=>a le rcproduo"vc 'Y"CIn COn"'" of Iwo 0"'.,.... each lI....h fout
pol)1rop hic o,."rioles. P,..,;~l larium and "ilCllarium COnsisl of a chain of
d",,,loping OOC)1es. Each OOC)1econtain' 3 5 nUlmi"e cells. The o,."rio ...
de' -elop during the pupal ' tall"

T.. I.. art clear ),,110", locale<!dOl'$8l1yin lhe fifth abdommal ""gmen1.
kidncy·. haped. In Ihe la" larval,"' la, lhey art ""t clo""ly IOg<lhc,. su,ro unded
,,'ilh common epi thelial t;"".. so lhal p"'pupae. pupae and ad ul" """10 10 bc
Uni1CSticular.Each ICSt.. i. fonned by four pcar-shapcd tC$\icular follicle<. An
apical cdt Can be found al lhe end of lhe lC$l.iclt lubolt around ,, 'hich
.pcnnalo gonia (&lobular cell. wilh IargocnllCki) a", conccntrat<:d . Tbc zone of
enc)'Sled ' pcrma lOgonla i. $llualed domlly . Tbe wbole de....lopmcnl of malt
germinal cello through primary and $CCondarySPCmullOC)1CSand 1pcrmal id,
lak .. place in th~ cYOl$.The process of sperm.logenesi. can be di,; dcd inlO Ih~

period of growth. two .llCCe$$ive divioions, and. lransf orm . tion period (Figure

"Tbe developm<nl of male germinal cello proceeds prac1icaJly Ihroughoul lbe
la....·. l and pUl""l Slag... Spermatogonia muhiply in early la....."l i""lars. Tbe 6rsl
pnmary .pcnnaIOC)'I.. a", found in fOUMhinSlar la......e. Tbc fir$l 1OCOndary
Sll"rmaIOC~I" .ppear in lbe 1.. 1.. ol lbe penuillmate instar. All d lopm.ntal
$lagc1 of .pcrmal~ids can be found in lbe 1.. 1.. of lhe 1.. 1 la l insta r .
T ran .form. tion of h.p loid spenn.t ids intn spcnnalozoa OCCurs in p~pal

'lagc1 .nd lhe process continues in l he pupa . Mo'" than 9~% of malure
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sperrnatoroa can be fo und in adult •. Accessory gland •. va"" elferenlia and olt>. ...
d,lfe,.,ntiate In the pupa,

5,1 ,2 Changes !nduet d by Chemicals

The following chan ges can appear ,n femal<;,;: tot a l d egeneration of ovane.,
inhibition of mi to tic di'isions in the germari um . d i<orde ... in vitellogenes is.
degener: n" .. cha nll"' in nutriti"e cells. d erdn gemen t of nutrili .... function.
prohferalion of follicular epi the lium and "ac uolation of oocyt .. , In male,.
p)'tnotic nuclei occu r in spermato gonia, mi totic and meiotic d ivision . are
deranged and abnorma l 'perm deve lop, Pro liferation of t.. ticular epithel ium or
of cpilhe lial cell' of spenniducts can occur as .... 11. Degene rat io n of ac<:essory
glands or disorc! e... m the ir "" ... to ry ""ti"ily tak. p lace in <orne cases. There a ...
also inducro cha nges in .hmm"""" .. (.bromo<omal bridge , or translocation,.

Figure 3).
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M.. _ fo<A_i .. ,be FJr",.. orCho""",,11 .. Roprodu;;'iv< F....,.;" ..
1:4,,«1 by V. II. V"" k.o<I P J. S!>e<ho"
e '"JSCOPE

M ethods fo r Assessing the Eff ects of
Chemicals on Reproductive Function in
Mar ine Mo lluscs

n .R,Duos

1 II'o'TROI> UCT IO N

Marin~ mollu=. and in particular t!lose rrom estuarine and coastal cn, ·oron·
menU. are being increasingly ex~ to a wide 'Olrltly of c~mical pollutants
resulting from man'$ aclivities (i.e. oils and dttorarnts. heavy metals, and
halog~nated hj<lrocarbons). In addition to anthropogenic pollulion. lhese
organism, also come in contacl w;thc~mic al $UMta"".. wnh b,ogenic (e.,. algal
~xudales) and lemgenic lithogenic (~.,. land run'oll) origins (Robert>, 1976).

It " now recognized that a number of marine mollusc species ha>'tt~ ab,l,ty to
aocumulate toxicchemical substanct:S,n tbeir tissues, at b-els ofi~n farexceeding
t!lose p...,..,nt in t~ surrOllnding "" Ier (O<>ldberg, 1978). Several of tbow
contaminants are known to inflict damag~ "" the tissues, with t~ con>equence
that t~ lif~ prClCessesor these organisms may bec<>tlle",riOllsly impaired (e.g,
Ba)ne n aI.• 1979). Such ¢If""ts finaJ1ybecom< realizedatt~ populalion 1",'e1as
a ttSult of repmducI"" dysfunction, thro~gh reduced rocundity, impaired
gamete qWllityand reduced lar>'al,-jability (e.g, Bayne. 1972, 1976: Ba)-1len al..
1975,1978; Samy . 1979),

This paper rdhs . for I~ mOil part, to m.. h<XIsrtlatlns to t~ rtpr<XIUCli>,~

stages onIho Kf~ cj'Oleof tilt bi\'al"t. M f 1ihLf ~/iJ L This has been fully
intentional since tho blue mussel. and <>Iberclosely related species, llCCUpiesa
""ntral position in marine ""'iron mental toxicolo!JY.A, a llJ'OUp,mari"" mU5S0b
art ,.~ry important to many a$poets of tho ""ololl}'of coa'tal " " Ie.. , notably to
,h~ productivity of the ,hallow·water benthos and to aquacullure . Thi'
importance is underlined by tho ad""tion of 'marine m~.... Is' as a theme and a,
sub)«t orpnism$ in "",,.ral internation al. polhilion -related, bioJosicaI pro.
grammes (e.l- Interna tional B,ologioal Programme. see Bay"", 1976. 'mussel
",,\Ch'. see Goldbe rg. 1978).

FiJUre 19,I 'ho ws stagn in tl\( repr<XI""ti>'ec)"1e of MyliluJ cdulis referred 10
lain in !Ix text. Tfese ~roo""ti>'e Itagc-1haw bttn ;clcntifi«l for dctail«l
mcth<XIolog:ic-ald;"'u .. ion:

'"
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(I) gonad (man,1e 'is<ues)-.t~rt(>loiY:

(2) gametes. embryos and brv.l~ (!rochop""rt a Dd prodissoco~h I)- acute
'o~i<;ily:

(3) gameteSand embryOS-cy\o ge... ,io::$

Desc riplio n is all<)included ofa new and prom isin, ',,' organ ism for lkld and
laboralory stud i.. of ioduc ed embryo al>llorrnaliti... the rougb peri ";nkle.
Limnina l4Xo/i1is. "'hich appe an for the finl lime bert

No attempt has been mad~ 10 Jive a comprehensive coverage of all metbod.
and approac heoi,ha,art rtCOrded in lhe molluscan litcnHUrt , and " hi<:hcould he
app lied whel' a...... ing the effects of chemicals on reprodUClive fUJ>CIion in tbe
molluscs . It will he nO/iced that energetic considera tions ha,'~ been omined
from lhis paper. as ha''e lhe int~rtSting CO~epl of malernal con'ributed RNA
and IIstOle in early protein .yntbesis in lhe larn (~. g. Bayne. 1972: Kidd~r. 1976.
Mew n. 1976). Further dwul. of the en~'1!e<i<: approach can he found in Bayne
(1976) and Bay... ~I oJ. (1975. 1978. 1979)

! GO"' '' O CO;>.:D1T IO ;>.:I,\;OEX

In M } " iluJ. pm,,, .. are proollCed in lransilOr)' folhcles 10"''''''' in ,he manlle
which lines the ,h~1l val""" (Fig ule 1). Thue IS a "'el l-<kfintd annua l c)'"k
rt lating 10 lhe rcprooUCli,'e proc""ses in ,\fJlllus. wilh a mar k"" alternation
Ix.wttn tbe period, of nu'n",,' 800Cumula,i(>nand pm~'e produc,..,n (e.g.
Lulxl. 1957: Se«I. 1915: LQ,,'e n "J.. 1982). The:'imln g and pan~m of gam ete
relea.. is depend~n. upon c1ima.ic a nd geographic faclors (Baj .... 1976); in
Bri' ain. popu !a'i on$ Ii"ing in the nort h .pawn only once a yellr (Iale ,pring).
",'hereas 'hose in lhe ""u th "'ost. an area of mikler winters aDd warmer ,ummers.
may SP'l"'n t""ice.o~ in spring a nd again in lale .ummer (Se«I. 1976).

Thl$ gametog enIC rhylhm i•• usceptlble '0 dl$'uroonce from a number of
physical aDdchemical f""torsin the environment . Recenl .t OO;" byLowe m 'hI<
labor.tory have demon.tra''''' quanti'a'i"e techniques for a..... ing the gameto­
g"" ic C)d e and ilS dinupu"" by ",,"ro nmen'a l dis'urbance. What follow. is
tak"" in la'1!e part from LQ" 'e tI aI. (198.2). Both natural (e.g. dimalic) and
an'hropogenic (chemical pollu'ion) m""""ba,'e been sho"'n in the laboratory.
and undc r fi~kI COndItIon•. 10prod uce quanUlal,, 'e changes In manlle cond ition
in e~j)O$I:d popula' ion. of muts<l., By meaSurtn g, with SI"",oI<>gicalIfchmqw ••
•he rela'i"" volume f"",,,on, of 'h e , ·csicular ttll$ (VC). adipogran ular ttll.
(AOG) (the<c two ttll,y-pt< comprisin g ,he nu'nen, ,lort of the mantle) and .he
d""elopin g and ripe game 'es. LQ,,'e has beena ble to de" ... precise informal ion
relating 10 tbe reprodllCli' .. <lalu' of mu ... ls from poIlul"" and unpollut""
po pula lion,. or . by repe aled sampling. obtain a '1uan.ifi"" expres!iion of the
cha nges in mantl e oonditlo n attri bu tab le 10 their expo,ur e.

Prelimina ry in,'es, !.ga,ion, .ho wed .h al tbe di'tribulion of repro<1ueti""
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~.m,

50 ~m
~

pam

s
Fiiur< I Lif<-<l"l<"'aes or Myriho, <dri/l' _ r<f<rrtd '0 '" ,he ,<x,..... od~I'

01"",,1 with or><sh<1Ival"" r<movOO'0 display 'h< iOlernal "'po" 8. <lUI'C. 2·
""II <mbryoshow;o&.. ymm<trio,1 fi ", ' "k .... g<. D . t rochopbo '" I.".at 24
ho~ .. (d......'n from Soslry.1919), E. prodissoco",h HUll" (fim shell) 10", at
411noun, c, oh m"',*""",,; J . Jill; 10 . Ira"~I., ooplas"', m. m"a,h; mao
maoUe; ". """ leus ; pam. poIIleri"r . dd"" ' " r muscl" pb•. polorbody ... ick ; . ,
. ... 11;OJ. . hell II.TId, . n. W. igh' "o J'

follkl .. t hro~ ghoul 'he whole of ,he man,le is n", , .bjoe' to planore la,ed
varla'ion , i.e. are for all p",ctical purposes dlS,ribu ted at "'ndom wilh respe<:l'0
mantI< orienullion, Conseq~<n lly. , reasonabi< .. timalion of tbe overall mantle
e¢ndition can be derived simply from examination of a thin SKlion taken in any
011<plane. In out laboralory.li., . e seclion, at S"m are examin<d wilb a Zei..
(Jena) compound microscope fiu<d wilh a Weibel eyepiett g"'li cule (Gral icuJ..
Ltd)a, . magnification of x 240. Pointcoun ts (Weibel and Eliu. 1%7)on ....rxJ
ceUs_VC cells, developing and morphologicallyripe gameles. • nd areaSof emply
follicl.. resulting from .paWlling aClivily are made on lh-. field. per animal to
quantify Ibe volwne fraction of the different ti .. ue componenu.



An .x ampl. <>fth. r.s ults ofsuc h a study i' shown in Figure 19.2. taken from
u>w."111_( 1982). The fa<:tONconlfolling the seasonal cycl. or th. '-anouS c.1I
1)1'"' are complex bul lh. cycle is su",eptibl . to alt.ration by pollution and
pr.Uminary .vi d. nce suggests that quantilicat ioo by stereology will p,,,vid. a
po,,-.rful techniqu. for det.rmining reprodUCli,-.disturhanc. in lhis and in "Iher
specl ...

3 ACliTE TOX ICITY TFSTS wrru LARVAL BIVALVES

Tb< la,va. of • number of marine bivalv. mollusc. (CrosJOJI'e" , irg;niro
Gm<lio. CrosJOm"" , 't 11.lThuobertl. M }·rilu.t tdu1 i.f L ) ha .,., botn i"""rpo rated
iot" standardized .sbon·term, lICul. t"x ;Cily\t$1p!OCtrlure.for use;o .va luating
pure compourids singly "r in mixlures. Th.y can aloo be used to mea,ure the
acute toxicity of man .... arid .. Iuarim ....at.... and lhe acceptability of salt ....al...
fOfculluring and t"'\lng fish and macroio, ·.nebrates (ASTM, 1980). l1>estaiC"
id. ntified for study of to xice!feets are f.niliud'8& tfocbophore larva, and 48·
houn old prodissoco""b I larva ('str.ig ht.hlnge" 0' 'n .. haped' stage) (Figure
I). Th. follOllilng descriptIon .pp~", for . 1I four species ideolified abov• .
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Embryos arodlarva. of oth.r p1an"onic~Pllwning bivaly<s (Sastry, 1979) may
be used in plac. of t,,",". bUI modil1calion. ",fthe adult condllloning, ip<l"",ng
and '<sting regimens frrquen,ly art rrquirt<! (• .g. Caio. 1973: Rhrxl... el o/..
1975)

Adult bi'llh'es possessiog d.Y.lapinggooMb art bmug!ltto the labofa,tory.
ckaned of all fouling organi$IrISand detnlu •. and to en.ure compkt< maturation
of their gamete. are h.ld (coDditioned) in c;I<:ulat;ng.. aWat.r lan k' at ,pecified
I.mperatu",s '''.. ·.ral d.grees abo, .. the field t.mperalur. wh.n the adulls we",
collected. A balar>c:eddioetis essentIal during this period (• .g. Bayne. 1965).
SpawnIng ;s induced with on. or more .. lected ph)-sical (•.g. tempera lure).
cbemical ("-II;. KCI). or biological stimuli, as discussed laler . Selected den'ities
( < 35.000 1) of the embryos are cxposed to the loxicant for 48 hours, during
which Ibe . mbryos normally "ill d., ..lop intOfully shelled lan'ae (prodisso<:oneh
1 slagel.

Toxicily to th. prodissocollCh 1 ,tage i' mea,urt<! '" tb. 4g-hour median
.ffecti,·. con<:clltralion(EC,.,) based on abnormal .h.1I development and the 48­
hour median lelbal cOllC... tration (LC ,.,). OIber .... pon... may includ. de­
creased fertilization. and decreases in tbe rat... of de,'.lopment of """"ified "ages
(e.g. tr""bopbore . veltger.prodis'OCOnch l la,..,.a).

The .... ulu describe the ""ponses of tbe larvae to mort 'lenD e.pasu"" \0

toxicant( s) under a .. t of en'ironmental condition •. Temperature . pH, .. lin"y.
su.pended ",lid .. and organic metabobleS from pb)10plankton and bacteria are
",me of the water qualtty characreristies thAt may influence the effect of lh.
lox"'ant by $lrwing Ibe developing embryos or larvae or by allering th.
pb)'sirochemical fOnD. availabdlly . or conCClltration of tbe toxicant. Specm.:
guidelines are laid down regarding t<s, proc:edur<s in .tandard E 724- 80.
published by tb. American SO"ielyfor T... ting and Material' (ASTM. 198fl).

4 CH RO:\ IOS0 1ltAL ABERRATIO NS A;>;O RELAT[O EFFECTS

The embr)'os of M y lilus edul" are excellent material for cytogenelic analysis, and
have reatured in a number of S1ud,... of a C)10ta><onomicna ture (. ,g. Menz.l ,
1%1 ; Ahmed aDd Sparks. 197fl; leyama a rodl naba. 1974). Mo'" recently. both
indirect aDd d,rect eOOeO(;ehas been presented For induced cbromooomal
ahen-alions in th. cells of adult m...... ls and their embroy .. ex~ to chronic
1.,.-.1.of chemical pollution (a romatic hydr""arbonll) under Other wi.. natural
conditions (Lowe and Moore, 1978; Dixon. 1982). These r<sult.. coupled with
informarion from cbemical in"<stigations conducted ,n the laboratory (Dixon
and Clarh . 1992). indicate tba t tb. chrom05On>e$of MylilU3 (and other marine
molluscs) a", sen,iti,e to damage inlli<led by certain cla.... of chemical
palIulan" in the marine en~ironment.

The chemicaleffea. of pollution impinging on the genetic malerial of marine



FiFlre 19,J Genel;c lI>d re\ale<!etr«:l>caused
by '",an" inlfliD"". an l lIe ...... li~
reprod",,"~ stop 01a marine illVmebnt<_Tb<
diaya m ....""'. bow ,he <!foctmay be n:aliz<d. as
eh'om_ damaee 0< ",henri .. . al .... u rne
...... . a c1o.ely n:la t<d Slas< "" m<K:b lat<T on.
.. 'en into the n<>t "l>enlioo

invertebrat.. rna,. nol alway. be e~preo>e<l at the $arne ."g<:in development as
the one in w1lJchIhe damage w,," incurred , Instead. the COII""I uen= 10 lhe
earne r cell. or ind"'idual may not be full)' realized unlil"""", much Ialer >lagein
d.. ~lopmen l. even inlO lhe nexl generalion (Figure 3),

Apan from . lrielly genelic effe<:lS. of a chromosomal nalu re or olhe ",-i.. (i.e
gene mUI.. ion. ). lhere are $Om< other lYJl'O$of dama ge rew.hing from pollulion
exposure (Ta ble I). When ossocialed ,,-ith the germ cell•. dose~response

relalion.hip. may be d""'ribed in terms of fert illZ8.lJon rale or ral.. of
embryogen.. is. Fert ilizalion ra" measurements can be apploed to bolh Iabo­
"' lory and field Slud... to lIW$$ <nher lhe: viabibty of the go""" .. in "-al'"
<onlaon,ng a named 'oxi""nl al a defined dose, Or the COndilion of sperms
and or eggs originat ing from mussel popula lions exposed 10 pollulion .

Sperm he:ad abnormalni.. show a high correlation ,,'ilh mutagenicity for a
range of chemical substances. including aromalic hydrocar bon•. and could be
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Tobit I Tho d,ff.r=' '<prod""'i, .... ~ of MI""" tdu!u ..-Iuchcan b< I11<din
... t'" 1 for FfI"caily harmful &f<D" in >eO"".""
Mot.rial. xpoo<d

to ", x"",nt

Gonad (adult
.~)
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entbryoo (<; ~ ocllsl
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6 bou, (00 .)
I ""ur

7 boon

Fmilizatioo

Malformations
,,~

C1Irom_ damaS",
<.1. 'nonok>oa,'"
b<t<nloil:yJOt<$.
""euploid•• nd
polyploid.

II-ndu<:c<\...",

""'"'"""'"'~
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_~m
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.1lUCtlltal
abnon:n>tbtia;
d.... lopmental dfoclS•
. ... pmnoturc 1_ of
')'DCftrOllJ.
malformations

applied !ouhnely to fi.1d monilorinll of pollution -messed mussel populalions.
Si""" litis effect ha. its oricin at "'''''' '!.age during .pcrrn.togcnesi1 (os yet
unddincdl, laboratory """'e,,inll of chemical. with litis technKjue. would require
the mainlenance of groups of m.... l.. collected from cl.an 'ites, under
coOOilio'," of temperature aOOf..,ding suitable for gam<l"l!Cncsi. to take pla<:e
(Bayne , 1965: Hrs-Brcn ko. 1973). wltil< in the pr«<nce of conlrolled levd. of
'O''''ont. Effec," on .ynchron)' of d.vclop m<"lll and the different ll'J'CS of
dC\-'e\opm<"llla1abnormalil ies orisinll from contact ""jth polluting substal>C1C1can
s,"1Ilarly be applied to bolh Iaboralory and field studits . Tabl< 19.1 .h"", ', tl><
"arioo . reprod""ti\'t: Stages of IIJ/;"" (or Other .. nulat mollusc) ",hich ha"e
been ;dentified for the inv<sliption (If chemical effects. the types of effects
oMen'ed at any p.;irticular Slage. and the rang< of ""posu'" times rt i. possible to
achie"e hy 'electing dilfe",m reproo""ti ... li.sues. It is "'id em lhat the syslem
has considerable flexibilily and consequently is capable of ban g adapled to s1lit
the particul.r requiremcnl$ of the investigator ; recognizin g (he lim". tions
imposed only by the blolO&icalmaterial ilsclf.
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4 .1 Sl"' .. njn~

A lllfl!" literature bas """"IIup around !his ...bjcct; for key rere=..., =10\".
by Bay,," (1976) and Sastry (1979). A female mu"",,1will prod\loCCduringtbe
course of a ,inglo brooding .. uon sometbing in the order of 3 m~lion eggs, Tbose
eggs a", nol all ....leas.«! al onellme; spa""tI,ng may he protta<:ted, tak,ng a period
or days or e"en w<th. dtpending upon local conditions of temperature. tidal
cycle. ete. In the labofalOfY mu"",,1smu.t be $\;mulaled to ,pa"'"1\artificially by
mean. of chemical Ot pb) ... al .t,muli, Ot combinalions or botb tyJl<'S,The
method. reponed range ffom m"'hanical .habni(in a bach .j. 10 m,ld tJ""tio<al
.hock •. \CT'Ilpetatur<stimuli . and '''rious chemical t",bniqu .. (for funher
discusoion of tbose metho(b Set: abo .... ,."fcf."""'),

first and foremo". ,t is import ant lhal the animals should be 10 a
repfoduct;,~ly fipe sUlte. Mamie squash<:5 should ,."veal large numbers of
matufe gameteS in bolh $<X". R ipe OOC)'t<1 a.... lafge ('" 7(11'10 ,n diametcf).
otange in colout. and lack any siga of the 'Ialk wbich anach<:5 1I.. immatu,."
OOC)" to the follicle ""IL When first released from the mantle tm\lC'S 1M
.permatozOoaare inactj.~. bul should become motile afief a few minutes contact
"i'h ",a water.

Mussels containing ripe gametes can be induced to ,pawn anificially by first
inJ"'lini O.S 101 of O.S" KC I mto a la'1l" cen,ral blood smus of the postenor
adductof muscle; the .hell ,:al, ... hould be wodled apall durinl 'his pfocedure
After needle and ""011,.are removod. the mussels should be placed beneath a 60·
""n lamp for about 20 mmut.. untiltM shells ha... "''' nnedIhrough . This is
follo"'"011by imellion ,n ",awater at 20 C. Ulkml ca,." to ,."lea$<any alf trapped
in'ide lbe .hell when doing so. Spawning 'hould commence "'itbin the ,,"xt few
houl'i . Using ' his method the authof ha' consistem ly obtained 50\ or greatef
spaw",ng success.

To avoid carlyfenilization of,,"\OiYspa...-ncdew .any males ,, 'hich are sccn to
be releasing sperms should be transferred to a $<par.. e con,ain.,- and ,he ",·at.,- in
tbe balding tan k changed . A, a furthef precaution. lbe eggs .hould be ptpened
into small beake .. and tbe walef cbanged to relOO"e any .perm, whicb may
prescnl. Ad ult mussels collected at lhe time of the popu lation .pawning can be
kept tempo"'f ily in tank s of water a, 5 C . to pre.'ent them ftom relea,il\i
gametes, Ten days before a ,upply of gamet .. ISrequired. lbe mussels .bould be
transferred. by .tep"i>< chanacs (2-3 C "''Cry'2-3 days). to "'aler al IS 'C . It is
imporlanllo feed tbem continuously. with a balanced algal dioct(8 ayne. 1976). to
prevenl loss of condi'ion and cOnc<lmitant fC$Ofll'ion of gameles dUfing this
transi"on pefiod .

4.2 Comtt. Studi..

Sperms remain ,'iable: for only 1-2 bours, depend,n, uPQn tbe l.mperalUre,
,,'berea, eggs remain 'iable fOf up 10 6 hou .. following their relea.."
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T.bk 2 M.. ho<lorOO"tb< t_-.lt <IC_tenOI poor to ocorin.for.......,.oo:I ..... lIOd
dr"'" IIl ........ 1!<y<>ocl AI,-,...dIMts

A Spo ..... _ "'_II ..... IOttod_.p<nIlf to_b ) 10_ .." ...."" (ii) _ ..",or....tII
' 01A'Il addo<l laY< ' 0 .... <Iop tor 1 __ II lV C-~{1. 10'
'"' mID 180.r"" 2 ... ) ..... rauspnld ", .. "" ... . r<peOl"'"ic< FJDOIy..... •• '
.. <>t\IINl-' -

• ~ to cl<vdop rOO"• 110..... -.
C A..... to deodc>p r•• i'Ianlla' U .......... '"' Iooan (to __ tor ........,_'- )..- =b,oa., ....nd 0( _~ pcnod "" ....... O!OlUII'IIp,­

(1 • 10' '"' IIOs b' 2 _ ).
D ~_ diIlI .. (O_OI·.) +1 "_e-"' .......ur .Aflo:r2-..

diMe ...... "" SO" dlatiIod __ ...... cmbo,..iat .. ~~

...-.- fOf 1O__
E FlO..l~ "'Canoor'.ba_(dbuool. lparu: .............. .nd. I

pul-dlio«l I· ;J.
F lot_ iIl u..->Ad.....-1IOldor 1IOOd.Iu... pbaao""""'_ ...
o lot_ >Ad iat _ .... . S<:alo......... I"'"""" _ W1Il~ lqb-

_,oa ......

Fcniliu. """ "'I<
NWD<nC01chr _ abttn.t .....
SlI'\r;:'uraJ c !lromOOOlllal .berrahO .

motaplwe analysi.
St"",tural c lu-omooomal . berra " o....

an.pb ... analysis
Oov. lopmc:ntol. bnonnal iti""

A i, B.E.F
A i, B.O.E .G
Al B.O .E.G

A i, B, £.0

Ai.C.E.G

A.. B. E. F
A"C. D.E.G
Aii,C.D .E.G

A ii,C .E. G

Aii,C,E.G

Sperms for . perm head .bnorma~ly rnvnliptJ(ms nco:I lOb<:separ. ted from
lhe _ .."lor by oonlrifup lion (2 . )0' n: ", min per 360. for 2 min) .nd
.... u.pmdod in 3':~ .mmonlum formal. (;Wlonil:) to.-<mow sal. conllnun.oon
foUo" -inJ lhis Ir<at.... nllhe y shou kl be ,...,..nlnfll'od and fixed ",.rh Camo y's
flu li' " (Tabl< 19.2E). .ft .... '" hoc:h,he)' can be IDOIInlodon a slid< in • drop of
Iiu"'''_.It< Wgti of.he cowfJlul n<ed to I><.... I<d ..-ith .1)ootroI~.. Ia'1ll
(5, ,,,,") to n:d_ .. " pan ...... . and ..... "'ood und« hiJb po..... ",-jlh phaw·
wn lns l !DiaoKopy . A h<".. ", ,, Iy. smeari can be ~n:d,"' tit< ammonium
forma~ '''l!I'.tit< _ri ." dna!., and ... t.cq....,tl y .lOlOOCI..."h _ mas
d<!i<:ribal ,n .he lD<1hodfor .... mma1lu sp<fttwozoo by 81).. " (1970) .s...also
BNa " aI. (197-4).

I" .W,·,iJJlslhe ... ~ ~"'llIId m II><J<fU'I"al"""d . su .. . althouJb lh<
.. rt!11m.I,-.scI< soon d .... pu .nd de¥<lopm<ld (of lhe -:J- U')P'~ 10
""'lIphu< of.he lim _iI: d,,-._ (<a mal1l.,.._ ). "'hen funher o.."iop­
mc-",'II doll)-..:I until aflu pe!><'ra ...... by.he sp<nD (l.onp;> .nd AJ>d<rwn..
1969) Ii fon--uloll if ... l!ia<n' lJOl<InDo """ rorth< rornpl<t"", of prophu< I
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by the ""wly spawned ooc:yleS,in lhe absence or SptrnlS. il is poslible to score lhe
melaphase plates for abTlOrrrolchro!l\O$Omecompltmcna1kca\1Seor the
reduced number or the units prcst:nt at thl$ SUli"_ asa te'luli ohynapsl$ . it 1$ nOI
usually necessary 10Ircallbc occyiCS in anppc<:ial man""rot her Ihan lh lhem al
renilizalion + 2 houl"$. II is possible to sec both numerica l (aneuplOId) and
struclural aberrations (Iranslocalion bclermjllOle5j al this slage (Figure 4A)

A

'. •• .....
~ •• •• ••

•
c o

Fil"~ 4 Normal aDd aOOonnol rntbrw ". A. metaphase J cbrom<>­
somc complement ..ith r<eiprocal ' ranslocaho n ~Ul\lna in a quadri"".
ICOIcoofigurah"'" (arrowed); B, "",colly fCleasrdoocylt 01 d,plolene
Ito,. of prophase I, abowilll clu..." .. a ID Ibtu primary posit;" ... : C.
chromosome brid,. (dioocotriccll_ ) linl<in&aDaPhasc cb.....
mah,", D. abnonnol polo.rbo;ly 'lCliclc(pb'i). """taini"& oopwm.in a
cell undn1/l>i"&mciob: ""'la p...... Jt
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bUill><lal ter a", beller se.:n in fmhly spawned malerial which isstill at prophase
L (Figu", 19.4B). and has yet to COmme""" ~Iua<ma tertnlna lization.

4.3 Fert ilizalion Ral<

Table I shows m~ll>ods which a", now being used rouunely 10 detoct ~hemical
damage in the gameleOand n rly,slag<:emhryos of Mf li/uJ (and othe r plankt onic
spawning IIIlOrine in"" nc brale5). Fm ilization ;s a C<)mplexprocess (Monroy.
1965) invol'illj a .. Ties of .vents; e<mla<:tbetw""n the sperm and the .gg.
acti '''lion of the e8ll. and fusion of maIe and female pronuclei. which ,"ult.< in
fo rmation of the zygote nucleus .

Spnm penetratio n occurs within S minutO$of first contact with the .gg. and
fQjion of Ih. ma le a nd f.male pronuclei al'ler aboul an hour. al 20 C. It is
possible the",fOK to manipulate tl.: experimenLaIoondilJOns to find which stage
iJ particularly ~siti ... \0 ~hem",*1 perturOOtlon. by altering the timing a nd
penod of expo$u ", the gametes Tettl"" . For mosl pUpose$. it is SIIffici.nt to .ffect
fmilizatioo. in the p.-rwx of. knO..in corwxntrahon of toxicanl and Iea.'e the
ew to de..elop for an bou '- After this ti"'" the excess sperm' are rinsed 0 If (Ta hie
19.2A). to prevent thc:ir rema ining as conta minan t.<on the e88 surf""". and the
.us Iefltod .... lop for a furt her hour in the p..... "". olthe to 'ican t. By th,. time
a ll fm ilized ew will ha... produced polar bodies. and may ha"" comm.nced
olenage. and hence.", distin guishable from those: whi<h a", nO\ fmili .. d.

With all in tigations in"ohing fertilizations. it is necessary to OIandardil:<
the procedu," lating 10 sperm and eggcorwxntrations. It is ''Ory important not
10 crowd the eggs,nor to introduce too greal a number ofsperm. (Gruffydd .nd
Ik aumont. 1970). sinc.thi. ~an lead in dec "' ased f.rtilization ra te. abnormal
d. ..elopm.nt and po lysperm y, The optim um ratio of sperms lo.gg is IS :I.

4.4 C brornosomal Abe.... 1iom

The'" a", t""'Ol'CCOllnlU<.ldas<es of ohromosomal abnormaliti ... numerical
aberra tion' (a ....uploids. haplo poIyploi<!sj and structura l defects (achromatic
gapo. chromat id d. letions (open ohromuid break). chromatid . xchange. ete).
Both dasscs a ... srora ble ;n early staF embryOll(:S 8 cells). Later stages .hould
be avoided du< to the .mall .ize ofthe~hromosom.. and the much greater risk of
o,-.rlap hetween adjacent cells, M,-1WJemb r)'OlIhave a cell-<loublinlltim e of 90
mlnut.. at 10 C.

Numerical aberra tIons may be scored in em\>ryos from both fi.ld· a'"
laboratorY'e ,posed populations (Dixon. 1982). but slillhtly diff.... nl t..... r­
ments are r"l uire<l in .ach caS< (Tabl. 2). Those embryOll originating from
samples of mussels tak.n from polhited field ," .. need to be ... mined when at
the fi"t. and no later than the S<"ond ml\Otic metaphase (allematr. -.ly the
prophase I oocyt .. should beexanaeec . see abov e) to record aberrations in their
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primary .lale (Sa,"~, 1975), Since lhe embryos ha'~ a nlpid rate of cell
rurMI'er, the chrO!l\OS(lmtSdo nOl normally ecbevc a s(ale or chromalin
'ond<n$8.tion thaI is ,hara<:teristic of 100'" slo.. ly growing tiuuos. Conse·
qU<nlly, it i5 nea: .... ry 10 treal lhe ,e U. wilh cokhi<:ine (Table 2D ) 10 condense
the DN A and make the indivXIual chrom<l$Ome unll5 mo", ea. y to di5cem,
follo ..'<:<1hyexposure 10 a hypotonic med,um to separate them . The norm:ol
diploid numher for the gen'" My/flus is 28 chromosomes. Beca1ltCplankton ic
~awnin8 ma, ine, n,..neb ,a tos "'lease their younll a, a ~ry ea rly stall'" m the"
developmen t, the.. organism, have not developed mochani5m' for jettisonmg
ll"'netically ddoct"'e P/OgC-nYprior to lhe bme of thei r normal release (eL
mammals), A corollar)-' of ,hi!; ;s that ,he frequency of genetically abnormal
otf~ring amonJSl control groups of embryo. is normally higher (::. IO"/J. than ;"
found in full·term embr)-''''' from other grou p. (e.g, man. Jacobs , 1972). There i'
1I00d agr«me nl ho.....".. r bet ....... this control value (fi guJ'll S) and ,he
)ntm ary incidence',<:porte<!fo' mammals (Jacobs 1972: Fraser and MaudJlO.
1979).
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Fieur< 6 Karyol) pt for My'i"" fiiuJis from K,ni" Dock.
S. Wales. baO<dOIla cokolucme-tre.. <d "",IOph... froma 2-<:<U
embryo. Pboloaraphodundo< phoseconln<t oft<r. tainin, wilh
""'10-0'"'" in

The norma l karYOly~ for M;liius ~dufjs (from King' , Dock. S. Wa le<) is
,hown in Figur< 6. compo sed o f cokhlc ine·lre atffl metaphase cluomosomo<
from a 2-<)(11embryo. The chromosomes are large. homomorphic. and isop)'Ooo"
lotic (consequently autosomal); lhere i5 evidence of balanced pol)'ttlorphi<rm in
sorne mussel populations (Ahmed and Spa rks. 1970). The karyotype isdivisiblt:
inlo fou r grau ps based 0 nchromosome size (.. c1uding centromeric diSla nee)a nd
posilion of lhe centromere (a rm ralio) : pa'r5 1-6 (G roup A. metacentric), pair5 7
and 8 (G roup B.subm<1.acemric) pairs 9-13 (Group C, subtelocenlric) . and pa ir
14 (Group D. lelocentric) . With a ka ryolype of lhis ly~ il ISclearly possible to
"b lain d<1.ailed infQlmation rdal ing 10 "ruoural changes. and in ",me inslallCCS
to identify lhe pa rticular chromosom .. affected, Melhod ' for III<:t", almenl of
laboratory and field malerial a re given in Table 2.

II i5 genaally recogni2ed thaI metaphase ana lysis is particular ly time
consuming esp<:<:iallywhen mv...ugat,ng stmelural abnorrnatili .... and requires a
bigh degree "f anal)'lica l skill "n the part "f lhe invesligator . Delailed a nalys.. of
matmal co ll<cted over a few day, in lhe labora tory may lake many m"nth< of
pa insta king w"rk 10 analyse. This has lead many qtogenel',cists lOOP! for lhe
simpler. a naphase melhod of ana ly'sis f" r structural chro mosomal aberrat ions,
Whilsl onlydelailed metapha se ana ly~ is wiltprovidecomp rehensive informa tion
",Ia tinll to all the .;sible slrUCtural aberration' presenl in a cell. lhe red UCli" n in
sensitivity associaled wilh anaphase analysis is outweighed by the great. r
numbers of cells which it is possible 10 analyse in a given time (Ad Hoc
Committee of th. EMS, 1972),
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For anapM" analysis, the embryos a"" simply fixed. >quashed and scanned

for the p""stnce of anaphase nuclei. These are then scored for chromosome
bridge> (dJUntnC cbromosomes) (Figure 4C) and f~cnts (~hromosomc

b",aks) lyinll in the int=lary ",gion stpamting the two groups of mignl\ing
chroma'ids (Nichols e' "I.. 1971).

4. ~ Oeo-eloprmntal Abnormalities

Apan from chromosomal abnormalities arising from conlact of the sensiti,..,
n:prooucti>'e >lag« of marine in>'cnebrates witb chemical pollutants ;n their
en, ·iron"",nt. there is also a mnge "f""lJular effects '....hich it IS not possIble to
relate specifically to any idemiliable cause. i.e. gene mutation. chromosomal
akrmtion. or a non -nuelear e"ent such as chemica l inlerf erence 10 the dttlro­
chemical gradients in the ""nwhich are at the bas" of contro lled llJo....·th and
dilfnenliation . It is usual the"'fore to eategonze thest effects under the gener.l
heading of ler",ogenk elfeclO,

As is pcThaps to k expected, a .....ide ,-..r>ct}'of dilfem>t dC'..,lopmental
abnormalities are possible .• nd dn occur in embryos as a result of chemical
interference . These range from small effects. such as the pinching olf of small
.mounts of ooplasm Into Ihe polar body "esicle (Figure 4D) and the
premature loss of synchrony in division stages. leading to unC"co cell numkrs. J.
5. 7. ele.. inotead of Ihe us.... ll . 4. g ele .. ,,, major effects s.uchas the complete
schism (separation) of "S1er celb .....ith a resultant failure to produce an
Integrated embryo . Other effects "'elude the fQTmat,on of falst septal mem­
branes .cross celiS without any accompanying nuclear di" ision _ ltus lyp<
shou ld k watched for ....hen measuring embry'os fQTfen ilizlllion rate .....·hert ,1 is

2mm I

FiJurt 7 F.... I< (jl/{"ino
mo'U" mno.·«! from its .heU
to ,how the do.-.ally""',,_
brood """"h (bp) on lhe first
body ~'h<>,1
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importanllo include only lbose embryos w hich ha, .. " .... "r more obviou$polar
bodi ...

I have foond the lllI$lro po:l l.mo'in a J<UQtiliJ a conven,""l organ"m for
$COring embryo abnorma~l;", Gaslopo:l mollu",," belonging 10 lhe U/Md"a

,

•

,

0 ·1......, ,

hi"'" 8 Nom"'l <mbryonlc d IO!""<"nt or 1."'0' ;"0 saM ,iI" A. <n (1)-2 do,.. );
B. UMhdlo<l"'lill<f 13 g d.y.) , C 110<1",IIF' (9-20da yo); D. La", ",h lll'r (2 1- .l6
da.,.,). E. P"«lII<rFn' you., ()6 - 60 d o)") . F, <m"'¥"n' .... ,. (po-<o<n-od spn:;m<n)
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saxCt'ilif ·sptcie$-oom pk>." (H<llet. 1975; Smilh . 198]) ma in 1he;r d" .. loplng
young in a spccializ«!broodpouch. which i, homodnnally nn the 6rst body
,,'borl of lhe femal. (FiiUr< 7). F.rtilizalion '" inlernal and tile fertihud egg.
are passed directly from Ihe oviduet. as batches of up to 50 in number , in,o the
proximal reiio n of the brood pouch. wbere <!e,'.lopmen t proceed. (F igure g)
lhtough five. cleatly recognizable stages (. gg. unshelled veliFr. sl><Ued, .. liger
(early and Iatel, and pre~.J"llCIlt young), culminat;ng in t l><pas si' .. n:1e= "f
fully formed oIfsprinll some 60 days aft... reniliza'inn (Berry. 1956; Hughes and
Roberts. 1980l. Adull f.males enn toin up"-uds of 2Oll.mbryos at any one time.
"it h rep.-oduction conlJnuin,llhroughout the y. ar. although there is .~id....... of

A

•

•

,O'1mm,

B

Gree nhit he

we~ury

Cliffe For t

I I I I I I I I I
30 2 5

I I I I
' 0

I I I I
is

I I I I I
10

I I I I I
s

I I
o

Number of abnorma ls per ind ividual
Fieun: 9 A. AbnonnaJ "OF II Lillo . iIIa <mbryo; 8 . fr<qU.... y '"
ol>noo"mol<mb.yoo(i :::2 '-" .l In th= 1'OI"'10"".. (N volu.. _ 2(/l e~poo<d

'0 difl"....." 1e... 1s of poUutioa. G... -nh,, "" " the moa polluted .. .. ond
W=l>u ry is ,be ..... n<SI
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a Jummer decline in rcproollCl;' -ea.ti,;'y in <ornepopulalion " Copula tmg pai..
are 10 be "hoe,...·ed al Olner limes of lhe ycar. on lhe upper shore dunng 10" ude
O,."Ia,ioo occu'" bet"""n I7 and 48 lI<>u.. follo" 'lng malini (T lI<>rson. 1946;
lle, !)', 1956).

UlIO';no ""''''iii< lives wcllunder Iabo"~IO!)'condilion$, .. here it w,llconl ;nue
'0 ",prod""" u ,malliaboralory populalions,." long as lhe5c are pro"ided Wilh
a regular suppl) of algal .o'-em.! roch . lkeausc of "s brooding habil , rclali' -el)
small numbe ... ofe mbryos(comp.m110 pla nkton;': spawn .... 'uch as I f ,-li /....).
and tole rance> 10sahnilY,-aria"on and . ndosure COndilions, LiUlNiTta is a good
SUbjc<:1for "udic> of lhe elfeclS of chemiocalson fecundilY and embryo ,iabillty
(grow, h and de"" Jopmem) both ,n ,be field and in tbe Iaboralory. Some
prelim;na try reiu lts in Figure 19.9 suggestlh.l population diff.rences may be
considerable and can be related 10 .n';ronmenlal poUul;on
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Method> rotA.... i,.. Ih<Elf«" 0( Cl><m;"'lo 00 Repro,h." jv< Fuoetiooo
f.<Iil«lby V. B. V"" t ..... P. J Sl>«1wI
C '\lIH SCOPE

M ethods for Assessing the Effects of
Chemicals on Reproduction in
Marine Worms

I li'o'TRODUCT10N

The purpose of tbis contnbution is to describe and discuss curren t melhods of
asse",ing changes in the reproductive biology of marine "'OrIns caused by
chemical$. Marine "'orlll5 are found in several major animal taxa. As ,orne of
l~ taxa are deah with in anothctcon tributioo. Ih;~ p"-p<:t will be confined 10

marine an"didl, Within tbe phylum Annelida, most of lhe perrinent marine
research has bee" confined to the pol)'ChaeleS,

Polychael" are extremely varied in size and external morphology . Th~; r

structura l diversity makes possibl. a wid. range of adaptalion, to marin.
habital$. They constitut e a domi nant group 00 inten idal mud /\atl and in
subtidal soft bollom communit i.. . Aooording 10 Knox (1977) pol)'Cha.... are a
domi na"l or importan t componeDl of soft botto m commun iti.. when measured
as a number of 'P"';". numbef of Sp"'hm n" proportion of slanding crop or
productivity . In a tran$CCIfrom a depth of 100 10 5000 m ofTtbe:east c",'" of
North A""'tica, Sanders el ai, (19M) reported lha t polycha. t.. constituted an
avera ge of 60"1.of aU'p"'imenl collected. The number of pol)'Cha<l<lp"' imem
was ~atest al depths of 2()0--400m. Similarly, Knox (1977) r<:_ic"N 6 1
community studi .. and r<:POltedlha t pol)'Cha<tesa'-.ra ged 44% of ..,..,;.,
number and of the number of indi'fiduals.

Benthic community analy~ of polluted atea'! in _arious pam of tbe wOfld
have di$closed that polychaete< " "r<: the dominant group of an imals and tha t
some 'P"';", in part iculaf Capi"/'" c"pimm, coold serve as an indicator 'p"'i ..
of heavy pollut ion.

Polychaete. 1'0' a vanety of feeding types wilh lhe ma}ority being either
deposit--delritaJ f«de '>rsu.pension feede..., They playa significanl to\<:in the
food web and ar<:important food for other invenebrate<. ftsh and birds

By tube buildi" g and olher types of sedim~t r<:worl:ing. polyc-ha.. .. can alt..
lhe sediment characteristics in ways that may ~hang. 'IS anraction 10 other
organsms.

In summary. pol)'Chae... a", importa nt members of m<»tmarine communities
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aDd one of tbe major food resources for fish and cruS!a<:«ns of econol1'l>C

SlgDificance,AllbecommUnJlybtll!ley oltenplaycritical rolesinshallo'" "'"Iter
ecosy.,t<m. aDd ha"c b«n shown to respond rapodly to environmental per­
turbations . Method s ha"c b«n dc,'e loped in the last decade to utilize poly­
chae1es in toxicity bioassay studies . In aselectodnum~r of . pecies. lhe whole life
cycle i. available for I<>:<icllytestinl\,

The pollution ecolol\}' of pol)'Chaetes has recenlly be<:n comprehensi,-ely
reviewed by Reish (1979). Reish has dc'o t«l mOSI of his academic carrier to
pollutIo n research, both field studi .. aDd laboratory ..... y., In that conle" he
hao repeat«ll y empha. izcd the role of ploycltaeres ;n pollution monitorinl\-

Clark (1969, 1979) aDd Clark and Ohe (1973) ha ve ,", '"",'ed endocrine
inftuences and environmental determina tion of reprod uction in po lychaet.. .
These papa1 deal primari ly with endocn ne regulation and reprod uction in
healthy en,ironmenls, Olher aspects of polychaete reprnduction ha'" be<:n
reported by Schroeder and Hermans ( 1975),

2 l:\-t PACT 0 .' CHEM ICALS ON ANNELID
UFE CYCLE STAGES

It is llCnerallya&JUdthat gametes.em bryos and lan .. e represem the mOStcritical
stages in an organism's Iifec}<'le. When pollution occurs at levels which are letha l
10 adult animals, lhe larvae also have lIule chance of .u r"",I . Pollulion at
subletballevels may lea'" thl: adults I«minl\ly unalfected hut ne, ,,nheless lhis
mesocan cause complete inhibition of rCprodUClion, GeorllC(1971) mained for
a year md ividuals of CiTror,,/'" d"'ltILJ which had reco\-ered from ncar·\ethal
doso; of three oil dispersants (BP 1002. EssoI' -ene, Core xit 7664). No ne of these
"'"rm. d.,."lope<J gametes. wher..... control worms .ho wed norma l gamete
development Ehn-nstrom (1979) studied the effcclS of a 'oo::ond generation'
dispersant. BP 1100 WD. alone and mi:<ed"'; Ih diesel oil on reproduction ;n
OphTWtTo<:!1(JJl(JrUma. The reprod uctIve pote ntial of thes.ea nimals dcc reas<:d
when they had been ex!""'"d to the tesl solution. a. la" .. e and .u badullS in
cont .... t to thaI of exposed sexually mature ammals. Ehrenm om also de·
molt<lrated that }'ounilla,, 'ae "'"re more sU!l«plible than older ones . In a tesl
senes begInnIng with (I) newly r-elease<!, (2) l.d a}'old. an d (3) :kIay old Ill""e,
the 96·hour Le ,o ,.. lues "e re ISO, 270 and )70 p.p.m. r-especti,.. ly (dispersant
only).

Bellan ./ ai, ( 1972)and Foret ( 1974) studied lhe off""ts of, .. rious detergemson
life cy<1estal\CSof Capitt/kl ropiUJIQ. In agn-emenl ...ith results similar to those
reported above. Foret concluded lhat developmenl of ov.ria n tissue s the
. tag< mOll sen$it",e 10 pollution . In lhe lest oenes. the number of Spa ninil
remalts ""as in,,, ... I}"relaled 10 the co"""nlration of the pollutam. ",'berea. the
time fo/ egj! de, ,,lopmenl Il",r-ease<!"''ilh increasinil <onc-entration.

Most """,IC discharges cont arn a mIXture of organ ic man er and chenucal>,
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Excess particulate o rgaoi( mlIl1er may ea\1$<;changes In std""ent Slruclu.., .
Dtc¢nlpos,I,o n of .xcessi,~ orga nic malerial lead. 10 Ioweud dissolved OX)''''"
levels in t ile Kd irm:nl and Or"," also In the ",at" abow the sodirnem. Davis
(1969) and Da viun d Reish (1975 ) >{udied lhe effOCIof reduced dissolved OX}'il"'"
concenltalion, on oocyte llJO""th and prodUCIion in NealtIMs",e ""aoJ<ntata .
Wb<n 110:dissolved ox}'g<:n 1e,..,I...u rt<Iuccd 10 about one -third of the control
1...... 1 (5.9 nI&,lilrej. OOC)'le production was approxi"" " . ]y hal,~ _ fcmaln
•• posedto sublethal .. ""Is of dissol,'«! oxygen (l.5 mg hi", ) r", abou r 2 months
pt odUCM.mall~ized oocytes w-hi<bfailed 10 de'~lop funher even whto the
females we.., uan. f.rred to "'ell -Krated sea ,.-a",• . Low levels of dissol' offi
o xygen a t'< a secondary consequ"""" of or po i(, en';"' hment. and is n(>1a
ponUlion ptI . .... . bUl wh<n acting in CQnc<:rl"i lb pollu tant<.•• 'en a moderate
rroUCIion may CauS<5CnolU .ffe<l$ on ",pr od ucl;On.

Studies on lhe end ocrine ",gular;on of galllf<logenesis and $<:nal malur.!.lIon in
anncbds have foc~ on lhoeconlrolling innu"",,", of nalurally occurring
e.",ironmen lal aaents and on brain eXlirpation and olher labor alor}
manipu lalions of lhoewormS.

Clar k a nd Olive i 1973)and Clar k (1979) di!ICUsse<ll l>esp..: i!ic env'ro nmenlal
signal. '" hich cau~ . ynchron",a"on of ~xua l malura l 'on m Ihe pop ulal ion and
coorninal ion of lhoespa wning. No research ha> been undmaken 10 relale lhoe
disappear.!.""" of I"l I)" haelClp..:ie:s from I"liluled regJons 10 failure in coordi­
oalion of spawnin g or unsuccessful in~minatioo , It should be kepi in mind .
howe' .. r,lhat among Ihose pol) .. haClC$whICh disappear early from polluled
areas. many spc<;icsrelea~ gametes freely into lhoe""ter _O n lhoeolhoerhand. the
r.p rod""t iYcSiral egic<arc differenl in those opponUniSlic specic< wluch serve as
poilu lion indicawrs, They us ually ha" e imerna l fenillza lion or some kind of
pseud ocopula lion , The progcn) is ofl en pro lecled h) jelly and or e88 case
membranes or kepi in thoe remalo(. lUM du nng lhoemou senSilivc Siages of
d"'<:\Opmcnl . orte n lhese opporlunislic species can adapl lhoeir reprod""li, ..
sltalellY 10 lake a,h' anlall" of a new cn,ironmenlal situation (Gra .. 1e a nd
Grassle, 1974. 19n) ,

The lethal .ublelhal effecls of '''noUS pollutanl S on Ia,, -ac in lhe field are
eXlremely difficull 10 o~r\'e, Accord ing 10 Thol"lOn (1950), abo Ul 70". of
marine inv"n "b r.!.1eSha,'"planklOlrop hic Ia" ... . Ano lher fract ion, less lhan
10· .. ha, .. looilOlro phic pelagic Ia" 'a" ",'nh Ihe pelapo pha'" "'!'\ling onl) for
di'persal Nume,o us reportS ha,-" 'hown lhal pelagic Ia"""ha'" a mna rhbl)
good ability to ""nle and melamorphose in habilatS provid ing a ... itable
substra lum. T his lileralu .. ha>been ",,"';cwe<!by Thorson (J 95O), Cns p (1974)
and Sehoeltema( 1974),

Towards thoeend of lhe pelagic p""",, lhoeIa,,-ac arc capable of "' ll leme" l a nd
mela mo rphosis. [n most species lhoeplanktonic stage end. ",'ilh an explorato ry
pha$<:du ring whICh ll>e Ia"'a" prospect lh" lUrface of lhe .ubs lratu m. The
larvae ~ull; a nd rretenortaosc if the environmental conditions arc suilllbic . If
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not lIw.n proptr.n' i rollJn<:1ltalcondi!Jons . the .xploratory pha se ....ill oontinu.
lll3.~ini n posablefor tte larvae 10 dnft ~...ay from deit rioT:illlng lIabnal s. In
rome ,pec ies .. ulement and meta morp hosis can he post pontd for ,,'''' ral " '« h ,
It is also known. how",,,,r . that dtvdopi ng lar...a. do not discriminalt;u much a,
lar...ae which a", jU>t",ad) to metamorphose In wm' opeeioes. lodi'i d uals may
..... otuall y a= Pl an unSuitabl. substratum with incr.ased mortality in post ­
metamorpbosed ,tall'=" as a consequence .

In the polluttd habitat. the larvae of most species do not reee;,.., the correct
",,,,ronmtnta l CUtS for indocllOn of .. ttlemenl and mttamo rphosis . The la<:k of
ree",ilmen t will .. ",ntually dtplel ' the populallon. [ 0 lX'llutlon ~ltra tur. thoK
,peel'" which disappt ar al mod., a", levels of pollution a", oft. n sta ttd to he
mOre s\I$C(:ptiblt to the polluta nt and lhertfort 10 d.. olf. At I<:a.st in rt gj,ons of
chronic pollutIon il is mo'" hk.ly. Ito""''''' r . thalla",,1 rt jttlion of lhe habitat
stops recru;tm.nt and ultimat.ly causes dtpletion of th. population . 'rh .
presence of a species in a pollultd area may he mo re a question of lift-histo,-y
l1rategy than the tolerance of ad""rse environm.ntal conditions' (Gray. (979), In
the "'Iuary of the ri'''''T..... indus trial pollUlion has a= lerated dun ng the last
dtcades , At least four poll"'ha et. species. Nrr~is "ir."' . N. /Mlagic". Audcuina
Irnl"cu!al" and A joh""oni have disappcartd bttw"" n 1935. nd 1973 (Gray.
(979). These species.ll have Iong·hed plan ktonic laf'lat. The lpClCieswhich
"'..,'" ab undant in 1973. PolJJqro dlitJt". C"l'"tll (. copilot" and the oligocham
Ptlo~()I"" bt""lIdtn; . a", aU brooden,

Pol)'Oha."" can .... pond by a "oidanoe ",3<'\lOllS to poIlut.nts at Ie,..,ls far
below those that a.. lnhal V. gM spee'" may be a blt to .,-<lid an arta with
unsuitabl. conditions . In cboice .xpocrimenll wile'" lh= donillcid polycbaetes
bad tb. cboice hetween polluted and non'polluted substrata. th. y could dettet
al"od.vo id t hc pollu te<!substralum lit lt vel5tWOordtrs of magn ilnd. l.... than~
hour Le •• (AktSSOOand Ebrenmom. unpublished) . Tb", . is no .. aro n to
assume that la" .... a.. Jesssensiti""; the volume ratio of nerlfOUS tissu. 10 tOlal
bod} ' tissue is high'" rn la" .... at Iht .ta\!<'of rnttamorp bosis Ihan at any other
stall" of th. H. C)-d.

3 LABO RATO RY SfI' D1ES

3.1 Stlc<tio n of Tost Animal.

The attribu tes of good lesl animals for bioassa Y$ ha, ..,betn discussed by se,·tral
aUlhors (P<:rklns. 1972, R. i<b. 1973b; AktsSOn. 1975. 1980; St.bbing n 01.•
1980). All wnter< agrtt thaI tasily cult" ...ted laboralory <traIns have many
ad,...ntages althougb P.n:i"" points to the problem. of genttic drift in a
laboratory 'Irai n. According 10 R. i$h (l9Hb. p.46) : 'The ad,'a ntages of a
laboratory -brw colony rna)' he 5umma ril:td as (I) Sp« im. nsa re a...ailablew htn
nteded. (2) Sjle(>men5..,.. already adapted to laboralory cond itions. ttiminating a
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cood ition;ng phase. (3) laboratory specimen, "'ill not decimale the field
popu laliol1$of a desired species. a problem especially in populous a,us. (4) the
diet is h ov.lIaDdcontro lle<l. " 'hich is par ticularly advan tageous if biocbemical
anah'S« are in"o1>'w. (5) many ofth< species of polychaetes have .hon life
histories making it possib le to stud}' the eff"" . ofth. pollutant on reproduction.
and (6) spec-imr:11$can be tral1$ported to other pam of the v.'orld makinJ
coopera tive studies possible' . Some other propert ies un be added • •.g. that tbe
leSt organism in question should be ecol<>&icall}' significan, 0' ... onontically
importa nt (StebbinJ 0' 01.• 1980). bas well d.fined JCnelic composition arod
reproduces tbrouJ oout th< }ur (Akesson. 1980).

Laborator y assessment of reproductive onjuryto marine wonoS bas SO far been
confined to a limited ranll" of test speci.s. The mo, t important ones are listed
below toget her with some key ref.renc.,,,

Capi,ella "opilalO

Cj"ar~/U1 dFrol~"

Cwwdrl"'. u rrolu.j
Dinophilus gJ'rodllal~'

N«In,hu oUrIOffodm lom

Op hr)'OlrMM lahr""l"o

R. lSh aDdco"ork.rs ....... ral papcl"5(lit.
revi.... ,n R.lSh. 1979). !leU"" n 01.
(l9n). Forcl (1974). Rossinol, (1976).
George (1971),
Reish (l978); Reish arod Carr (1978),
ROe<!(1980).
Reish (1974); Da'is aDd Reish (1975);
Reish . , aI. (1976); ROSSIarodAnderson
(1976, 1978); Oshlda (1976. 1971).
Akesson aDd Costlo.... (1978); Reish
(1978): KIOck""r (1979 and in prepara ­
tIon) ; Hooflman arodVinl (1980).
Akcsson (19m. (975): Saliba and
Ahsanullah (1973); Rosenberg etol ..
(1975); Roe<!(1980).
Wilson (l968a. b).

Most references Jiven abo'"e are less than 10 )urs old. Ths rellects the lI<:Vo

awareness that all life cycle staF' should be considered In pollution monito"ng.
The test animals listed above (.. cept CirrawlllSand Sabellarla) ha,.. shon life
cyck s SO that l<$Carch on the elfects of 10nJ-term cxl""ure to sublethal
concentratio n. can be . xtended to sevnal successi,.. Jeneration.,

3.2 ~ltctiool of ur. Histr>ry Pl r '- on to bo SlUdied

In good leSt animals "; th sexual reproduc tIon tbe following life histot}'
parame l.... should be available for observation:

(I) d."e lopmenl of ll"no c.l ls :appea rance of ovarian tissue.percentage offertile
females. time from first appearance of oocyles to spav.lIinJ;

(~ l mating and spawninJ beha''lOur;
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()) spawning success.Mnal lons from normal eggmass morp hology, number of
eggsperspawn:

(4) sn",i",,1 rale aDd l;me of dev. lopment d uring lbe prolecled stage ...·illun Ille
female', lube or ,nside.gg rna<$ membranes ;

(5) su",ival and lime of de"elopme nl in su!><equent larval stage<:
(6) growth rale and lime from egg or from 1a" '1l1....l.a «; '0 spawmng

The use of a.. xually ....producing 5J1C1Cie;s elimonale<lhe 'noi .. · cauoed by
genelic varial;on in sexually ....producting specie< (Axe<son. 1980). [n tha t
calegory. lh. number of new indi'iduals and produch on of ncw setigcro\t5
segments are good paramelers ,

Tbe choice of concenlralions of a pollutant . houk] be related to lhe %-hour
lC •• ,,,l ues of adulu and Io""e _[f lhe tests are organized as 1"'0 parallel .. ri.. .
one ""Slnnmg wilh Ia""e and lite olher ...·ilh adulls, o!>sen-'al;OIlsof oublelhal
effectson d....,loping germ cells (main ly OOC)1CS) become easier than In a single
lest serie< (Akesson. 1975. Hooftman and Vink . 1980),

3.3 COMSI\Id;e,

Ross>and A nder-son(1976, 1978)studied lhe effects of ..." .. r-soluble fracliotlSof
No, 2 fuel oil and a crude oil on life cycle stages of NrONlMJ ort"norrodt'moto.
Three .uec essi' ·e i,neralions were 'Iu died In a conlrol .. ries; Io" 'ae hatched
""tween lhe ninlh and lenlh day' of development. Halching.= and sa"';"al
"':re inversely related 10 concenlta l>onand more depressed ...Io;nexposure was
imUaled on 4..,lay-(l1dla""e Ihan whe-nexposare ""gan OIllite .. ,'enlh day of
d,,-.Io pmenl.

The gro""lh nue of ne'"II' halched la" " e .,p.osc<:ld uring a period of 3 wtt k•
..." , nol r<:ducedIS much IS the growth ,al e of ju' -eoiles, A correspondin gly
higher susceplibllily 1e,..1 In ju,' enlko ..... also ,...orded m 96-hour Le ,•
• xperimenlO. From lhe data pro"ided in the t"o papers. it is ob'ious 'hal the
turning point .omes al an at« of aboUI 18days wlo;n the Ia",ae ha ' .. u<ordup lite
)'olk ............. and commenced feeding.

The lime course of !a" 'al d" 'elopmenl from zygote '0 feeding .. all" was nol
affected in Ihree slJoCC<:SSi"e genenllions. bUl OOC)lemalura,ion time decrea<ord
...ilh each .1IoCC<:SSi,.,gencralion . rn lhe fir.. gcneralion fecundily "". suppressed
10an concenlnllions . The supp .....'ion ...·as appro ximately lhe same in success;"e
gcneralions

The mona lit) rale from zygote 10 32,scllger Stagot:wlls direclly re!aled 10
concentralion in lhe filSlgeneration_ Brood mona lit) decrcaoed ...-ilh.=so,, 'e
generalions thereafter. "toch indicateS""me kind ofao:ommodallon . Monalil} '
of Ihe control ';enes ,,"s .. hIgh as 36' , in la, ,,ae and ju,'eniles 10 lhe 32·
" ut« r Slage

Tile body burden of OOlh 10lal and specific naphlhale nes declined " "h each
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Fi, a", I Eff""' , of a polj '01hjten' -i!yool fa lly
oei<! OIl .urv"...J of ' """ess,ve 1' '' '01 ".,00 in
Cap,u lla capildlQ R.",I t> a.. e.prel&d ••
percentages of e" "u mbe" ot diff",en ' concen ·
,...,;"" , . (a) T,"" bop ""r", wi'hin mol b<", tube.
(b) Pola,,, lro<hoph"res, (e) MetOlrocho pho res
(d) Bcn t h>;; "' orm•. Oat . fro m !l<H. n "aI . (1972)

' uce.... 've generation whi<h suggeSts $Orne kind of ada ptation n<>l fully
understood,

Bell.n fl al . (1972) nu died Ill<suble thal dTeclS of a detergent, a po lyet hylene­
gl}""l falty acid. on life cyc le 'Iage' of Capi" lkl capi/ala. In Ihi, ~tudy dRill
coneemini moS! of the life hislor,. param<len Ijned o<>o\'e were record ed. The
c"""" nlra t;" fiSem ployed "'ere O.0.01. 0, I, 1.0. 10.0. and 100 rng"lilr•.

1be ra le of oocyte ok,-.lopme nt waS imerle ly relaarl to coDCentratioDas "'a.o;

lhe num ber of females laying ew _The mean numlxr ¢f ~gg. per femal~ wa,
aoou l I I>: ,arne al all c¢ncemral ;on, except II>: bigl>:Sl. Also II>: nUe of
de, .. lopmem of ,ub<equem stage- trochoph¢l'''' . metatr ochophore, and young
k nlhlCu'orm,-""., m' -e"" I:, relaled l¢ Contt nlra t,on.
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All COfI<lOnl",tiom«S,ed m;lIJl;«lI!lol.un" ...1""~ of ,,11<k>"IopmmWlU,u

(FiJurt I). In tile control sena..U1"I. or tilt ~]lQ\nled. JIlNftG to the
bclln/llf; ,,"It ; at LOml.lit~ 2..•• SUM''''' . aDd ., !he~co~nt"'lJO"­

1000 mJ,b"". SIln'ri"JIJ...... only IO.~..
T11* I ....mJM.lUCS rauIu u Jl'Ol"Ol'UI.,.sof ega nllmbcn prodlllCfd '" .10:

COCIuottenet. SUC'b" praaltaUOCl wa ""0 conu:leraUOClboIb Ible~ in
n<tmbc1of SI"'",'nmg r""",lft IDd lbledllr<'lml:a in lDOIUJityrates. From lbo
tablo II • ob'"ioomthaI aDcollC<!:fllrauo..~UJtd roasidenlblo !mpI,m.etll of the
reprod ......,~ potential . Tlw Nlmt~ CJI1l br drl ....ll rromFifW1' 2
...bore:producuon ofbenllUc:worms iI ~xpressed IS pm>m1aF of prodlll;'lJOfl...
Ibleconlrol tet'XI .

FOR'I(19U) continued lbe letl 5IIneS on ..:~ more:dele ...... " crnploytn, lbe
teChnique. .. described abo,~. He 1110p m"ided a comprtbent, .... rt'>cW or th:
0<:0101)' and ",produc,i,~ biolol)' of C. capUDID.

OplrfJ"Dlror"" IDh,onkD and O. diDdn"D "'., '" ' Ugget led as ,ts, an'mals by
AkesiOn ( 1970, 1975) who olio d~ril>ed melhod, similar to lhote ~ml'loyed by
8e llan ~I 01. (1972) , 0, diad,,..,, "''''' lhOll,h t to be the rrKl$t .uila blt species
because '

(I) ;1 is se","''"'' to en.,ronmtntll perlurbo.1JOns;
(2) illS I hermaphrodite ."Ib bule U1lta$pecificaWflS'on; Ind

(l ) reprodtIClt.... e'"nU Ort easily m:ordcd (Aiesson, 1915).

Akeuon a<><:\C"",I0 ..· (1' '"8)e.ammed 110:combined dl"cclSo(1empC11Iturt
aDdAluulYOIl11o: 1if~q><:leo(O d__ . TIle raullSwdI be.-ful In bootiu)"
.. 1ItTetnt In,mak of that opcaes Ire: ....t,«:ted <0 otress "llbm lbe ranaa oflbrir
toiC'ranoeItmu.

A. ' parI of" ptOJO<"ont.lk-,,1opmetI101metbods ror dc1cr"""",. po<enl.lal
ftI',ronmnual dl"ecu of clIcmto::aIs... sca..-.ur aDd rra.b .... lCl' ",Ib rcprd 10
~"bdllY. <ou:ity. aDd booIoxumubuoa·. Hoofiman aDd Vtnk (1980)

Tabk I EIfect' or polytllJoimo....)'OlIlholly lind "" pmdU<tlODof _,., aa ... of
C.,1tUtI .......... 1"......... of mdI""'uio II cxpaoed .. I"'" """ 01".. nolllbcr '" CODU'OI-'oa"sm'

Number Trocbopho"" ,= "I ..... 8en'hlo
..,..,..."alirnl . ,~ in II'IOlber', trochop"""" ,rochophom .~~

(ml!b'~) ...
•• 100,0 UJ M .' $8.6 H1." "' 11) 3$,3 m ".
" 14$ $$.9 43.1 )7.6 N'

" 1S.6 31.6 42.2 ••• lU

'" SU N. 23.9 14.0 16.2
100.0 • • II' .. " U

• Dato '- _ " .,. 1971
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FiJu~ 2 Etf<ct. of , poIy<lhylrn<-i1l'col. fatty
""oJ on prodoc tion of ben ' bi<j u",nil<s in C"Pt"l/(l
<ap;taliS . Ptodu<:tioo is •• InS .... as P""'On,"p of
control series . D. ... from 8<1I,n ., ai, (19n)

'"

u<edO. dintkma a. the te<t animal in studi.. on the toxic .If,,,,,,of penlachloro_
phenol. 3. 4-dichloroaniline. and dieldn n. Methods of culturing test animals
and test procedures are ""te",i,·.ly described in a jo inl report fTom Ihe Ontral
laboralory TNO in Delft (TNO. 19'19).

Etf""" on reprod uction ,,"'.re .xamined in two lo ng-teno tests. one staning
witb "",, 'Iy released Iar...ae> t1><other wilh 4_week_okl adults , In both .. rie,.
concentrations oh M test compo und , were ch= n in the ranlle of O, ~-5O"1. of tbe
96-bour LC, n \'<Ilues.Four replicate bowl. "';tb 10animalS per bowl were used
for eacb concentrat ion.

In the seriesbeginning witb lar...... growth rate and time to t1><fim appearance
of egg ma... , were recorded.

In both series. mortalilYrales. prodUClion of egg masses and number of eggs
and d ...·eloping la" 'Be per egg mass were recorded. In IMir lable. the
summarized tffet l on reprod llCtlon was r~rded as ·the reproduct ...e polenl,al'.
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F'IUr< 3 EfT"""rL prntachJoropOcnoI(. . )
and 3. ol-<!"h"'roo ni~t>< ( .- -- .) "" t lo::
r<P<"'ho;:;t;,..p<><rntialcI Ophrp "r<Kilc ~__ .
Number>cIrel.asodIa"''''r< .. pn:sstd OSpt1«nlalt cI
~""trol "umlo::,... Dot. from Hooflman . nd Vi" ~ (1980)

"'hich ".... defined .s lhe number "r "lahle larvae at ~ach concen"al;on expres><d
OS,he percenlag. of ,I><number of la,-.'ae ohlained ,n lhe con'rol .."es (Figurt

"TI><authors also defined II><"no IOxiceffect 1<,'<1'a, ,h~ highest concmtrati""
. .. "m g no inftue.."., on mortali ly, gro",'th and reproduc live potenliaL For
lan ·a. th= 'no 10X'C dftcl l<:\·~ l. ' rtprt=, 2-3 orders of magnilud. lower
concentrations of lbe compounds lhan lh. 96-bour LC, ,, values. These
concentral;ons are in eoodagrtt me-nl"",hobse,,'atioflS by Oshida el aJ. (1976)
On SMIlIMS o""auoJeMalo expooed to chromium and by Rei.h and Carr
(l97 g) on 0 diadema .. posed 10 heavy molal.,

Hoo flman and Vink (1980. p. 26 1) con<luded that: '0 . diad" "" can be
con.id.red asa moderalt ly or ,lightly .... "ti'·. '«' an,mal if mortaloly .. uS<:da~
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the loxicily crite,ion . If, howe," T.\n addi tion to monalily lhe influence on 'he
reprodmi"" poten tial il measured quanti tati"e ly during a test uSinga ll hfN:l'de
stag..,;, 0 , dw,lRmaap~ars 10 be a very sensitive test animal',

KI{ich e, (1979) also u<ed 0. diilik"'" when he studied the upta ke and
accumula tIon of cadm ium at subletha l 1e""ls in tht« 'u"""" i"e generations
Cadmium loads w" re e'trem<:ly' lowin tl'w:egg masses as compared to th""" ohhe
paren t worms, The cadm ium load of cgg masses dld no, inorease in successi'"
generation" 11i' inferred tha, cadmIum burdens \n adult 0, ,IOUIRmaare nol
tran sferred '0 the ell£' . The low concenl rationl observed In egg masses are
aSlumed 10 have ...sulted from absorp tion afler egg deprn;ilion by the mueold
enoapsulal ion la)"r ,

[n a stud)' of the effectsof cadm ium Onsurvi'-al. g,owl h and reprod uctIon m 0 .
diildema (KlOrkr.er, 1971).the fol[owing life C)d• .""nt, w-ererecorded for three
suce..,;si," g.... rat ions at cadmlUm con"" ntration, of 0, SO, 100, SOOand
l000p .p.b. employing a minImum of SOindividual, per concentra tion :

(I) su,,'i val rales ;
(2) gro,qh rate expreS>edas the increase in the number of KgmentS;
(3) tirn<:from larval telease to 'paw'ing ;
(4) number of egg masses per indi"idu al produced in 100da).;
(5) cumulative number of eggs per ,,"'i"K1ual m 100dal":
(6) mean number of eggs per .gg mass:
(7) per cent 'succcs'ful egg rna,,,,,' , deti nod as those from whIChat [east one

,·.. ble larva was ...lea<ed;
(8) number of released la,, 'ae per egg mass:
(9) p<T cenl mo rtality before la,, -al 'e lease: and

(10) cumulative num ber of ...lea<ed larvae p<T indi' id ual in 100da) • .

ObscrYdtion, according to (4). (7), and (10) abo" are summarizod as
' reproductive potentia l' "hkh is expressed as perttnlage of COnlTO[seri.. . It
should be noted that K[{ickner' , ·,op roduct i,-. potent ial' i. defined differently
from that of Hooftman and Vink ([980).

Aceord ing 10 KlOckner. survi"al and somatic growth were nol affected al
SOOp.p.b. and 10"'CTconecnlr.lions, The reproducti'" potent ial was equal to
tha t of the contr ol series at SO and [OOp.p.b. At SOOand lOOOp .p.b. lhe
,eprodu cu,'e potenlia l decrea<ed to 34~~ and 4~~. respecti,,,[y. compared to
control values

In expenmenll over 21 days _ Reish and Carr ([918) obser\-.d 5ignificant
r.produ ct" .. depTC5Sion in 0. dii>dRma at a cadmium concentralion of
[000 p.pb , but not at SOOp.pb.

Similarlj Roe<!(1980) studied the effects of cadmium over three succcs", ..
generat ions. using Ophryotro, ha lahr""i,a as test o,p ni'm, In some of the seties
the lesl animals ".-ereunder addit ional physiological Itress from lower saltnity
levels. Growth rate, lime to Kxual matu rily and 'i:zeat maturi ty were eumined
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Effects on reprodl>Ctionwere confined 10calc~l.tions ofper celll egg masses from

which .i.h le larvae were released. On Ih~ ether hand, RGtd employed
sophisticaled slal"lics "'htn <'Valualingthe resulu.

4 FIELD STUD I[$

Mosl field sludies lake mlO accounl all an,mal groups in lhe surw)'ed area.
Benthic ,,~die!J ha.' e been fa"ouN<! l>ec;ousethefauna is largely' stalionary and
cannol """"pe lhe poll~tanl . The fauna l compos ition will therefore reftecl the
tnvironmtnlal condilions for a period of lime prior to sampling. F.....' sludiesdeaJ
." elusive ly wilh marine worms, bUI poly'cli.etes often con stilUle a dominanl
faunal componenl of lhe commun ilies studied. With in llie polychaetes we find a
number of eXlremely opporlunislic ,pecies which ha"e been used as indicators of
pollution .

4.1 'kolhk CommwUty Anal}_

The major ty'pes of field 'Oldies can be Iisled as,

(I) samplinll along an e:<istinllpoll~tion llradienl, i.e" harbour pollulion studies
or 'tudi .. aro~nd discharllCSof domestic and induslrial ",'aSle:

(2) S1udie. on predischarge conditions before lbe operal ions of a ne", wasle
dischar ge sy"lem begin, followed by anal;-... of changes in species com_
position .nd community slructure at lime intervals ane , the discharge
opera t,on, ha"e commenced.

(3) studies on communily changes aner pollulion aba temem; and
(4) studies of effects of occasional major environmental di$lurbances, such as oil

,pill disasters or fa~nal deplelions due 10 red tide.

Leppiikoski (1975) reviewed some generai aspect' of benlhic poll~tioo

re.. arch wilh emphasis on brac kish ",'ater slUd,es. Reish (1979) recenlly
p~bli,hed a comprehensi' "Creview on the role of polychaetes as indicalOrs of
poll~lion ,

4.1 I Di.ers;/r lndku and wg -no"tJlJlDislribu' i""

Mosl field Sl~die, in"olve lhe ~se of di>'ersily indices to characterize tlte
complexity of community struclure. The theoretical basis for lbe use of diversily
indices is the belief lhal unpolluted environments have had lime 10 develop
dive"" cOmmUnilie, of interacling ,pecies ",'hicb are thought 10 be more
stable than lower di"ersi ty pert urbed communities . No one species totally
dominales in these stable commun,ties .

The div'ersity concept and its app hcab,lil y ,n pollulio n research ha"e been
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w.w.. ·ed and criticized by Gr:ay(1976. 1979, 1980) and Gr:ay and Miruo (1979).
Their major obJCCIKm,10 \he use of dive rsity indices CODCemlhe follow,ng
facl '.

(1) lhal the lheory hehind di.'ersity indices i' ignored;
(2) lhat lhe link be:lw«n Iugh di"ersi ty and high comm unily , lablilly i,

qun:.iOlla ble;
(3) thaI di"ersily oftm falls during lhe later stago of o=,io n.
(4) thaI diversily varies due 10 many facto rs other than pollutiOll;
(5) thaI mosl diverllil)' indiceoare relali."ly insen,ili'" 10ohango in communit y

5IrllOlure. and
(6) tha t indiceo are insen,iti." as a n>(uure of ino,pl¢1lt pollUlion.

A, a mOre ",lia ble l...:hnique. the aUlhors .u g,geSlthe U$( of tl\( Iog·normal
d;""bul,on 10 characte~ the dl$lribulion "f individual. among lhe .pecic> .
TI\( kla·normal dislribulion preoupl"'*' da ta from Iarg¢ loamplo:sof a
helerogm eous assornbly of sproo . ".., cumulalive perttntagc of species plot ted
agains l the 'gWn>(lric cia.. ' or individuals per . pecies gi.,,,,,a m aigll! Ii"" if lhe
distribulion is 10g·normaL

The aulbo.... Uggeoltltat the Ioa-nonnal diolribulion rep"""n" an "'lu~ibrium

communily ""ilh stabilized immigralion and emigralion palle"", a nd fairly
oon~tani pro portiorl$of individualo per sp...:io . They oonv,noingly demon strate
lha' <\"CO under slightly pollu ted condilions ..,rnc sptcies becon>( mo re
abundanl. which caU$« an in=_ in lhe numbe r nf 'gct>mclric cluscs ' and a
brea k in 'M log·normal plOI around 'gct>metric c4wes' 5-9 ",i lh . ~haUo"''Cr

sl""" In higher claS$<$. Jt 1$ al.., point«! ouI , ho""e'''r. lhat any COVltonm enlal
disturbance may cause the same cbange or .n "'I u~ibrium communily 51ruclure.
E'en coinciding reprodllC1iH ""riod, or 5e>"ral .pccies may force lhe commu ­
nlly OUIof equilibrium and cause a bc-nd in lhe Iog·normal plOl$, wn g-term
monitoring on a yearly basis .hould lherefore be: reduced 10 ...mpllOg ,n
mid""lOlc,-wben lillie: la,,-.1 recruilme n! occurs,

A hea, 'yorc hronic pollu'ion may ca.... a return 10the lypical straighl Ii"" klg.
normal dl$tribution, bUIno'" lhe slope is. ballo ""erand lMre are more 'i«'metric
claS$<$'"'luch reflect. lbe incrcas<d dominance under polluted condilions .

A major advanlage of lhe Iog.normal d istributioo method is thaI spec;'"
groups can be: eslablis hed for future monitoring progra mmes. 'The mos,
interesting sptcies ,n lhis corne" are those in 'geometric classes' 5-9, i.e.. lhe
sproes around tbe break·point in lbe log-normal cu"., . They respond 10 . fight
pollution ",ith increase in abundance.

To summarize, the log.norma l melhod "",ms to be:a suita ble methnd for
det"",in g .fighl dei'= of pollution and to be: more ocOSJti.'elhan ,'anOU~

dive",ty indices. The method is nOt oonn ned to ..,ft boltom communities . iI 's
generally applicable 10any latF sample:of a heterogeneous commun Ity. Yet. lhe
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problem of diSl;nguishing I.... df..,s of. pollulMl (the SIgnal) from nalurall y
IX'('\JmnH vsnsnons to numbers (lhe notse ) still remams 10 be dealt ,,-jlh
e.perimentally .

4.1.2 Indko/<JI'SPfi its IJIIdLifr His/ory Slra~irs

In many pollution .Iudinl .... a...a undcr inwsligation can be sulxlivX,l(rlmto a
number of 20ne'. from an unalfecl(rl heallhy zone 10 a heavily pollul(rl and
somehmtS azoic 2On., All 201>C$. except lhe ""oie one. are characterized by the
oommunily oomj>:)Sitlonand often hy ind",alo, species as wdl

The eoncepl of inwealor .pa;ies has been dispuI(rl. Most of Ih. discussion has
been focused on the ,-.lidilY of the d.ssica l opponuni'l ,pecie<. Cap"!rlla
roP;/OIO. as.n indie" or speei", (Reish. 1%0. 19'72.1973a. 1979; Eagl•• 0<1Ree-s.
1973. Grassk and Grassle. 1974: Gray. 1919. 1980; Bolton. 1979)

There is lillie ",-ide""" lhal .pecie< ""loch decrease in number or lbsappear in
pollul(rl habilats re.aJI)· .re more sU<eepliblelhan .pecies ""hich are fa"oured by
pollulion (Gray. 1979) , For imlanee. C. copilola i' less lolerant of 10'" oxygen
len,ion lhan DtJr'iJIeaarri04ioTaand Nnu"hrs tuenaffOlkn,ala , bolh of which
.re considered indica-Ion of ~ighl pollution (Rrish. 1971). C. copiloto displays
.... a,,,,rage lolr:>--aln'a 1>ta,'YII'>CUlIs(Rrish. 1978). .. mare """iii, .. to aillhan
,\'rrr;s "'Nin ra (Grassle and Grassl •. 1974) and" sUilCeplibleto I"" 1e.. ls of
,-ario,-" delergent' (Bell.... "ai ,. 1972; Forel. 1974),

As discussed by MlIeiko ,'sky (1970). GraWe and Grassle (1974. 1977) and
Gny (1979. 1980).lif. hi.10r) I",i's, such OSfeedingtll'" .nd. in particular. Ill'"
of reproduc tion. delenoine lhe popula'ion sucees< In a dis'urbed rnm 'onment.
Such opportun ist'" SpecIes as C. capiwla , Palrdora iigni, SlreNospio bnredicli
and ScaJri~piJfuilginaM>. • 11h.. 'e life h;s'ory s''''lelieS aUowingdispersal 1o new
dislurbed arellS and ",pid exploitalion of a' ·ailabl...... ourees . Comprehensi"e
discu .. ial1!l of lire hi'lor, w.plalion. 10 an unpredictable en',"onmen' .. e
found ,n II\<,papers b) Grassle and Grassl. (1974. 1977) and G,ay (1979. 1980)

4.2 Other Fleld Suodios

Siud ies on benlhic communllies confln(rl to odull anim.ls are by far Ih. mOSI
common . ,nd of pollutIon field research. Dala about changes in rc-proo""ll"e
injury a~ onl)' ob'ain(rl indire<;t1yby ol>sc"ing chanles in communit), S'r""'urc
There are some olher field .pproao: ...... how,, 'er . ,,-here ,he research interes, is

mare focused on reproouclion. la"'ae and \''' '.1 seulemenl.
Schr.m (1970) s'udied ,he mcroplan klon al fiw .. ahons along a pollullon

gnodienl in Ihe Inner Oslofjord . For some pol)<:ha.,es ,he number of laC"ae was
in' -crsely rc1.. ed '0 rbe degrtt of pollulion, Polydora ciliala and P. anlennala
increased ,,"h incre.,in! pollution. The same " 'as true of lhe Ienglh of 1M
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breeding " a><>n of P.~i1iaW. Schram.uggestw that the ~nce and thcnumbtr
of the two .pionid po1}<:h.O!esare useful indic.tors of pollution,

Wei.. (1947) exposed panels coatw ""ith antifouling paints of graded toxicity
in order to .tudy the tolerana: of foulina organ isms to copper and mel'<"\lry.The
tube ""Ontl Hydr"ides fU'" .... appeared on the panels later than most other
fouling organi.ltl5. The problem that 'till remain. is '" hether .. nling lar ...,.., "'....
~, 1Ied or '" h~ther they rej<-cucdthe palntw . urface<.Th" problem could be soh-w
",'ith laboralOry experiment •.

Ra51elt cr and Cook< (1979) studiw the M"clopm,nt offouling communities
in Kan«lh~ Bay, Oah u, Ha",aii, Wh~n a nc", ..."'....outfall ",•• const ructed, they
could manipulat~ the s,:"..ag~ to be dISChargcdlhtoogh tho old and ncw outf.1l m
ai~malina 2' ''''tt~ period•. The scrpuhd HrdroUkj ,I'/fam frequ,ntly !('Itl«! on
submerged pane .. when the old ......·er ""as .hut 011'.but "'... almosl absent in
period. wlltn ......ag~ was djschargcd.

Cripl'C" and Reish (1969) examined polychactes associated wilh foulina
matenal aloog a pollUlion v adient in Los Angeles harbour, The: resull. were
re!atodto chemIcal and phy.ical paramet...-s. The numher of species docreucd
with increased pollution as did lhe numbor of indi' idua15 after numbers pea ~cd

al a ,M ",'ith .Iiibt iy polluted conditions. The: relati"e frequency of C"Pilt1w
<"Pita/a was posi,i "e1ycorrelaled with ,he \c"cls of pollution.

Reish (1%1) used sedimcnt bonk coll"'tor-s, a kind of'" Ide-mouth glaS$jar. to
monito r the settlement of la,, 'ae alona a pollution gradient in Los Angeles and
Long lltac h harbours . The polychaete spe<;iescomposi'ion "'as different at
healthy. semi-healthy .nd polluted .. alions . The species di\'Orsity dedined
towards the inner. pollu ted parts of the harbour.

In ano' her field study in tilt ,ame area. Rei. h and Barn.rd (1960) u.scd
Capiulw Capilala in cage experiment', A female and. mal, ",er< plattd With
some food in a number of pla.tic tubes closed at both end, ",'ith nylon ""'ting .
The cages w... placed alona a pollution gradi,nl In lhe harbouL Sul\;,a).
feeding and reproduoc,;on could be rel. tW to 10,..15of di.solve<! oxnen and
pollullon.

Moham mad (1974) compared £ro""lb and .ur\'in,1 of lhe tube ""orm
Pomarol, ios h llUSs;;and other memher:sof the foulin£ commu nity at two ,i tes in
tho Arab ian Gu lf, on, cI whiChwas cont inous)y pollutcd with oil. The growl h
rat( was no' . ffected in P. kr"""ii "'hich " the mOSt abundant fooling organism.
but m 'hIS species as in """, t other tuk .build ing poly(haetes Settlement "'as
.Iightly del.y-w on the oil"'0II1e<!panels.

Finally. Bellan (1980) studioed ,he relation,hip het" 'cen tbe poIycha(t(
commun ity (Serpu!i<!aeexcluded ) of inrralinoral roc~) shores and pollutIon in
the region of Mar s61k. The 15 most comlt><)n polychaetc >pecic> "'ere
encountere d at different relali, .. rrequencies at all 'lal ion, f'Clng the open .....
An 'a nnelid index' w.,proposed to char.ct ....ize the degr.., of pollution. The
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index wu definedq the raM of poUution indicators (polychaete> 'a'"Outed by

pollution. e.a..PIDIJIIfI'fIs 1imJtnlIii,TllPosIMlOIJmlMi,Cln4. t lnOlIlf ) to
mdK:atOI'l of pure ".."te< coocbuon (' _1.• syUodsalld llmphi,klltJ -m,nt ........~

1"ta<K"ppeared to be a aoodCOITtlluon beI ..•..... ho:propooed anDdid .ndex aO(\
the SNonon W... _ dl....lloIly Illdu.

S L'TER .RELATING UBOIlATO R\ ' STU1)IES
A:ron n u n srtmes

"Tho uJtImate q.-uoD <hal lIIust be ans-.al ..........,.. the a:oIop:aI
""plic:alJOftSoflaborf;~'~ pol!aWIl dens ill lbetWlU1Il ... ,'Ofoammt.
For _ laboratory AlIdlts tilt bill; betw ..... obser>-.:dbeba......-al abeTraUOOlSIII
the Iabon.ory and tilt im~ on Jpclcies dynamics ill an c:wIop:al ')'Slelll •

diBkult 10 uc:ertlWI' tOUar,tII , lIllO, p. 175). This apploesto an y 1m'" 01
biolOllcal " ' Mn.. stl>dots .-.productive malfunction .n.hlded At tilt
po pulatioo and commtUllly 'tIs. pollutan ts lISUIlDy.... '" ~rt at><!aM
illtena " ,th lla'urall y caused t'o'COU, At; reprod<lCtion is .Ilt ""'" secwll'~ part
of.be lifeC)'de. anypollulaQlal c:o..,.,.,,,,.;,,nnbo>~ 'safe K"nla!oo.or
IOlIClber"" th olher "rea /'aao~ ...ill cxtl1 ell'ecu on the reprod poten"al
of tbe population , Tbem~. biOUllYS.xaminiq effeeu of luble.ltal It ....l
pollutanli on .-.prod ... "OIl " i ll be eoolopeally meanioduJ and may pro"1de
ma.erW for model studies of populallOo drnamics

In I tudies by Kl6<:kner ( 1979 and unpuh l.sllOd) and Hooftman and Viok
(l9tlO) 00 reprodoc . i" . Impair ment, Ophryo"w:1w dioti."", " 'as used a$ tilt test
animal. For this polydla .. . l pecies, • lir. Cl'tl . an alysis h.as~n ~rform lld

(Ak. sson, uopuhlilhed). l:loth Klock ner a nd Hoo flman and Vink reported :

(I) prolongat ion of .he time to ...,m. 1 matunt y (an extr.me ly Import an.
pa rametor In popu la.ion dyna mics (,....,,.w hy Stu ms, (976)):

(2) incr.ued monalily: and
(3) decrea -ltd reprodllC.,, ·e rat.

Similar ell'ens Ita, .. betn r-.po"~ by Bdlan~, ai . (1912) as>d fort. (197. ) as>d
S«m 10 be 1""""' 1upn'UIODI o(reproduai' ·. impamnen. CIlllK'dby IUblnbal
....~ls ofpollulams .

In a lil'e--tableaa.aJ)'I'I of O. dit>drwm,'ht nw:anlifeexper;<"""'Yof a zyJO< ......
29 ...'Od s.. The last iDdi' -.l lllll died after 51 ...-eeb. Bu. calcula UOM of the
population JI"""'1.hparamtter , the "'''''''''' rate of iD<:r-.ue(r ). (rom .he ...·dJ ·
u.c....-nequabOCl:

•r· -··/.-.-1.
•••
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demOn>lraled tha t indi"iduals olde' than 10 wtt ks ~ontribUled Ies, than I',. to
the equation . In KJ&kne" , study (peno nal communicat ion) data were provided
for 14 su«essi'"C w«b.

Using Aktsso n'S life_table data as a ~onlrol, and a.. umin g unlimited food and
spact. the follo"..;ng pollution effects ""ere ob5ernd. all of w~h a,.., quite
reali.tic :

(I) a IO"/. dec,..,as. of eith« .u nwal (I,) or ftcUndity (m,);
(2) a 20"/. decreaK of I, or m,;
(3) lhe .!f ect, of (I) and (2) a~tinil to~her:

(4) a I·w .. k dela y of rep rodutt ion ; and
(5) the effect>of (I), (2) and (4) l1Ctinll lOlltth«

1be cal<:ulations are . ummarized in Table 2 and Figure 4. From the tabl. it
is qUlle ob'-iou. tha t a pollutant ,,'hich dela)'s the onset of reproductioo affects
the p-opulallon growth much more than one "'Nch ,ncreases monahty or
decre~ fecunchty. The suggtsted approach integrat.. reselIr<:h in apphed
pollution affects and population dynarmc. Luoma (l977 ) suggested that studi..
of toxicant resistance ,1'1 na'ural system. would pro"ide a useful tool in
.n"rono nema l studies, 'To induce tolera nce, a toxicam must be presw l in
biol<>&kally availab le quantities suflicientt o hmitt he reproductive success of a
proportion of the indi>iduals in a population (i.e. the nonresistam ilenotypesr
(Luoma , 1977, p. 4) 7). Bryan and Hummerstone (1971, 1973) and Bryan (1974)
reponed a higher resistance to copper in the rap 'orm Nu eis Jj .... icowr from
cont aminated areaS than in ral""rms from less contami na ted a ,..,as. Similar
studi .. uoinil polych.attes "'ith a shott hf. cycle over a number of .=i, ·e
se....ratiol'l$ would facilitate a betll'" unc,"rst anding of lh. de, ·. lopment of
resr<tance to to xic $ub$,an<:«.

T.bk ~ Populaliool .If ... . of <le<:reas<d' UN Val (1.1 on<!or f<C\lnd"y (m,) and of
delay.... reprod .. ,iorl '1'1Op/vy<>I'MM di.2M_

Intn", i< FiDil< c_" M. AA<, M.
""I< .• "'''.~ at , .. .. ,~ ,~. 16 ......h

COI'Ilroi 0.886 1.412 ' 00 "41 8 1~7 66~, JOO

0.9(I.m,) 0.858 23~9 '00 'M "'" m ,900
6.8(1, m, l 0.8:l-1 ,~ '00 '» MOO ~18,400

O.72(I,m.) 0.812 2.253 '00 m ,~ 337,100
Reprod"" ' iou delayed,- , 0.7Jl "n '00 "" ...149 ,600
Reprod l>Clion delayed

1wed<aDd 0.72 (I,m .) 0.677 , ~ '00 ,~ 29SS 87,300

, F.nbe1 .. pis<l>lioaI .. =1.
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I> CO ,,"CLLS IO,,"S AND RECO .\I .\lE NDATIONS

Ann<lids polCnliall}'off.,more leSl animal. for Iong-lC,m a.<sessm~nl of ~ff"" ..
of pollutanl' 0"" "hoI< life e ~de, 0' ....'. n ' u<:ccs,iY<gene,a l;on, Ihan mosl
OIhcr macro-inv~n~b ra l~ ph ~la. Thc",; , no r.asonlO ran k Itsl ,p<cies now u>«:l.
An~ 011.,pec ies ha' ils o"'n ad,,, n,all'" and d ....dvantages. and n.w species a,.
conlinuo u,ly boinllSUSl!"'IM as ", n, ,,i\O Itst o'ianis ms fOTII><loxio<i'~ bioa ... ~

approac h. It i. qui' e obviou,. ho".....,cr. thot ,he p''''''''1 .. Ioclion of 'slandard'
lest animal' i' biased lo" 'ard< oppo" un,Slicsp<cies. indica,o .. of sligh, or "" av)'
poIlUl,on . A. lhn< spccits ar< adapted 10unp,edio<labl<""viromnem,. lhe}"can
.d j u.' lhem\d,~ 10 pollu'od condilions. Originall} llle}' mighl ha' " been
.. lected beeau.. 11><) "" '" .asi ly ,ult i'''led and .a,il~ lra nspon ed bol",.., n
la\>o,.,.,o oes. N.\"~nho les<. fo' Iong_Ium nud",. "' ho", . frCCl$ on repro':">clion
a", assessed (Ros<iand Ande~n . 1976. 1978, Bellan n al,. 1972: Foret, 1974,



EfffflJ ofCMmicau "" ReproJllclioo in MariN WOlmJ 477

KIOckner, 1979 a nd unpublislJed: Hon flman and Vink, 1980) suc h ' peeles are
",~11 suiu:d.

The majorily "f polychaeles ha"e TePToduc,,,'e S1rateg;.. dilfemll from the
opportunim dl$<ussed abo"e . Very c"mm "n ly Ihey have a lonGplanktonic Slage
serv inG both f...:<hn G and di'per<al . Represen tal" ·... of Ihis large voup often
disappear early from polluted areas.

As emphasized by Gray (1979) an early di5appearance of a species from
polluted regions "a nnN be rd al ed to an ob$crved hiGber , usceptibihty of that
speeioesto pollu'a nts . b l" ralne '0 SOmefac'o r in li S hfe lustory st"' lOgymaking
i' ,,,I nerable . Much research is oeede<l'a evaluate the role of lIfe IuSlor~'

<trategles in po llution <ludies. In this contex t , studies on a"oi<!ancc Teattion' of
metamo'l'h""inG laC'"e would be '''luab le. [n so far .. it is km,wn, Sa«/IOlia
$pinulo.a is the only polychaete "'''th long plan kIonic .. age wh;ch hal been
experimentally used in bioassay studies , Wil." n i 1968a. bl tesled a deterge nt , BP
1002. ""lIkh pr<>vedto be toxic 10 pelagic laC'.... at "cry low concenlrations .
Larvae which seemingly had =<Ivered the in it ial stressdied se"eral weels lalOr.
Sand "'mch "'''' soa ked ""i'h the detergenl and then thorough ly rinsed in
""a"''lIter retaIned the '<>uc """,cen,rat ion. fOT several day'"

In order '0 facilitate com parisons, long-term life q-de lesl5 should be
standardized, More imerlabor at"ry ""li bra, ion experiments shou ld be perfor­
med . The fiTStcahbration test '" Ith polychate .peenn..,. (Reish rI <>I.. 1979) used
Cap i,, 11a cop/lara, but the result< we.. no t e""ourailn,l , Specimens from an
i, olleneti< stra in were ""n, by air mall 10 the participat in,l laboratories,
Diffe.. ""es in test results ""e.. thoughl to be due to "anability in shippinG
condit;on •.

When compa ring resullS from experimtflts wi,h C. ropiloUl one shou ld
consider 'he PTobkm of """ura'c iden'ific ation of lhe test species . 8y emplo)1ng
elee-trophomic techniques, Grassle and G rassle (l 976) identified six sibhn g
spe<:ies from ,he vicini'y of Wood s Hole, Ma,sac husetts , 8y no"" , ,he kno"'"
number of .ibling .peei .. ha' presumably doubled . For European popu!at>ons ,
Teproouc'ion of C. capjla'a a. described b)' Fore' (197 4) i. qUIte dill'ertfl, from

Tabk J Companso<l'be,,,,...... prod""'i, .. da ta for ''''0 poIychae'" pupu la'ions ",'hleh

Ir e bolh i<i<n' ified as C""i"lIa <"I'llala

Referene<:<
ColIectiD, site
Reproduction

Ell diameter
Number ofeusw ,_
lentth of hre C)"k

Foret (t97~)

Marseilk
s.m. lparou.

(on< sinlk repr ,)
,,~

aso-scc
Polack
2 mon,h.

WaITCl1(1916)
PlYfllO\lth
It ., oparo",

l« pe. t«1 « pr ,)
'OO~
IO.OOO-I4,SOO
Ikn 'hic
12mon'h.



478 MU~odsj", A>UJ.linr tht Effttu ojCNmkaU()Ir Rtp rodul:litlt FWltlitJ....

lhal reported by Warrt n (1976) (Table 3). h is quite obviou< that th<'$t two
population. reprt>mt difftrtnt species.

When Stebbing n 01.(1980) ~sted a nurnher of qua~ti.. rtquired in a bioasoa y
programme. they considettd lhal 'tht o,-pnimts cultured or collected for
txptrimtnlS should he as smular ll$ poMiblt, 10 ,mnmutt variabilny in "1U;ti"ly
dut 10 agt, lizt, and so on' . Tht imponanoe of uniform agt was illuslratt<! b)'
Ehrenstrom'. findings, ",tueh ha"t bttn 11It'01Ionedtarlit< and in Figull: 2O.S
"'hich .hoW! IItt "l'ro<!l>t"tivt raid of Iht .rchianne lid Dinop~i!Jls g)"rod50',..
and of Oph r)"OlrOCMdiode_ . Bolh <p<cltlcontinuelO grow Ihrougboullife. [f
't'lt animals ato pickt<! from 1I0<:kculm .... the experimt1lter IUIU lhoerisk of
picking large, st<:mingly fint animals " 'hi<:h have pasoed the ptoo<! of peak
rtprodllClion .

Thoelog_norma.l m"'hod (Gny, 1976. 1979, 1980; Gray and Mirza, 1979)
provides somt advant ages in field a,sessment of pollution. It i<mort ..... ,iti.'e
lhan measurtmt1lll of variou' di.'e.,ity indicel, in panicular for dne<ting initial
.talles of dil1urbance , it can he applit<!to any comm unity and st<:m,10 he labour ·
.,",ing when compared 10 otlttr mtthnd.,

In artas whert il i. feasible to usc sedimenl bollle collecto .. alonl! a pollution
gradient, informlion can he gained about meroplanklon COmpolil;On and the
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allraeti'·en ... nf SUbslralUm~omaminated wIth ,.. rious \e"eli of lo aicam•.
Fun hermore. iJtS;/lj eap<'rimenlsu.in g c::agod animals (Re,sh and Barnard. 1960)
and routing panel. (Mohammad, 1974: Rastetter and Cooke, 1979) are ~"'t

r:lfecli"e and therefore .trongly recommend ed.
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c:>1m SCOPE

Methods for Assessing the Effects
of Chemicals on Reproductive Function
Invertebrates : Som e Princip les and
R ecommendations
K. G . D..~~y. A. S. M. SAuUDDlS. C G. H. STEELand R. A. WEBB

I Il'o-rRODUCT ION AND SCOPE

Thil paper deals with the follo. iing JI"OUJIl:Porifera. Cnidari.a. P1a'yhdmin,h<:J.
A""helmintbeJ (principally N.matoda). An ... lida (terteS,rial and f=hwater
only). Arthropoda (.xcepl l"""'la-principally Crultacea). Echinodermata .
and protochordat.l. Para' itic fomu will no< be consid.red in derail. Thi'
dilparate auonment of t....a . mcluding marine:, fresh"'ater and t.rreslnal
orgaru'nu. diffen widdy in orpnizatiOllal complexity and .xhibit' a "ide
variely ofreprodllCli' .. pallem" Ob>iousJy il i' DO'poISibl. to re'iewe~t.nli,'dy

lhe mu!t"ude of reproduct;'e d)'$funct'onl reported for .ach of these lau .
Ra ther. we have .lec led 10adopt a gen.r alized approach'" hich seeks 10 idenlify
'inul.ari'iel rather 'han to d",.. n on dilf.... nc.. . In domg so. "'.. firstaltemp t to
identify the ,-..rious processes ",h"'h conlribut. '0 rcproduct;-'e function and
which may be affeeted by en,ironmenla!conlaminanll . We re,ie w briefly,,'hat i'
known about the:functioning of these p roce>SCSfor .""h of the variou, ta~a and
the:effeel'bat contaminants ha,'e on them. We then auernpt to id.ntify suitable
.xperimenlal syoteml for tM study of tho effeelSof eTl\"ironmenlalcontarninanll
,n the labo ratO<y

2 ORGANlZATIONAL~FU1'icrI01'iA L LEVELS

For any metaro.an. thore " 'ill ho a n"mber of lo:....lJ. defined in a natomical or
functIonal r<cnns.wh",h function in reproduction. These '''rious PrTX:eJSCS
culmi"" t. in the fu, ion of the p""' tel and any chem",al contaminant ,,'hich
all.1'I any ofl h. proceslU ,,'hich directly Of indirectly contribut. to that fusion
""ill affect reproduction , What are tho ,-..riou.organizational~functionalle\'elJ

"hich can be di=rned among invert.brates?

(l) Ga~lt inl<'/l';ly IJIIdmaiJilily. Many of the crgamsms co,~rcd in litiSpaper
sl...:! the:ir garnet.. directly into the surrounding medium. Chomicals which

'"
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acl on .perm mobilily, 0' on lhi: memb'.n.· ... oc i.l<:<!proces5eSinvoh ..d in
rertilization. will atToettho prohability of sucr=ful fertilization

(21 Game,. produclO»r. Tho mito';" and me,OI" p,o<...... leading to i''''''l.
produc'io n may be $Onsiti'-e \0 pani<ula' ChemICals. In .ddil ion. ,lio$O
pr~ ,,'hi<1iare in'ol,~ in accumulation of )'olk mighl be affeet«l

(3) AeuJSOr)"su rr lk ",s . A number of a=s.oory secretions are criti<al to thi:
r.p,oducti,-. p'<::><XSs.For til<:male. t"",,, may mvolve the production of
semInal flUIdfot til< maintenance of thi: 'permat02oa or of thi: secretions
"hi<h make up spermat"l'hores, Slructur.. "'hich function durinS the
transfer of semen. For thi:female. til<:principal ac<:eiiSOrysecretion miSht he
the yolk" hich may'be .)'nthesiz«l out>ide tbe ovar) in some taxa or those
secmions which fo,m e" shells Or c«oo",.

(4) Cor/trois,..,."", In most m,·ert.bra t.. that have been examilled, " 'en the
mOSt primili" •. SOme fonn of liormo",,1 conlrol has been imposed on
reprodue'ion . While tlte preci$Odetaili of d.. funetiomns ofsuebi)'Sl.ms "ill
''ll') from ph}'lum to phylum. •nough is known to pennit us 10 say that
lleurosecretory cells are somehow in'-o!v'ed Thus, any chemical" hich alters
lhe funelionlng of neu'<>$OCretorycells may a/feel lhe reprodUCliv. pro<:ess.
Of course. the neur<>$OCretof)'S)'Slemis pan of the llervous syst.m so thaI
neurotoxic asents may alter the aCli,';li.. of neuroe ndocrine cello in an
Indirect ....ay.

(5) B.h'1l"Joural'ff«" · For many ammals. sP<"illc beha'iours are ll$social«l
"i th reproduction. rangin s from Ih. release and detection of .. x pheromones
to more comp'" s"'llrmins and spa" ...in, beha'lours . Neurotoxic asents. as
wen a. mimics or antagon;,,, of sex pheromones will aher reproduct i'"
act ,vIt1e'l.

This analysi, of orpniza tional -fuDCtionalle'"I. in rq>rodUC1ioni' more than
an academic e.. re,... It is imporant to note lhal many of the ptOC<:$>es
",<nhone<! are quite bas"" and unlikely 10 ,'a,)' ,n natu,( f'om taXon to 'axon.
Thus, II is obvious thai kno"'n disrup,ers of tlte mitollC procr-s< "'dl affect
",p,oduct ion in all organISms. assuming Ihat dIfferences in penetra tion and
detoxication of lbe chemicals can Ite illnored. E....n at hililter 1e,'.Is, "'here
indi"idual compk~it)' migh' Impose some degree of difference, the", should
n."enhdess be some unll) of .... ponse. For (Xample. if a Chemicalhas a direcl
effeet on neurosecretory pr<::><xs5eSin one organism. lhen memberl of OIher taxa
.hould also be affected in a pr«lietable ""y. gi"en that lhere is <uffie-Jen'
kno" 'le<!lleof lhe reproducti' -. process and its control.

3 REPROD UCT ION A:"OO ITS CO:'>T ROI. 1'-':\',4,RIOUS PIIYL\

3.1 Porif. ...

Sponges have a ""I1-d«u"",nled abi~ly for ",generation, and asexual repro·
duelion plaY' an impor tan t role in their propa gation. Mosl species a",
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hermaphroditic, but the d.. alls of the ",x uol pro'"'' are obscure. There is an
apparent repot>'" 10"'asonal and daily foctors in <Orne'ponges (Rei,""ig. 19(5),
The paucilYof information cooceming 'ponges i' nm sUrprisinll becau'" of lhe
difficulty of maintaining them for long periods in the laboratory (Harr ison and
S,m!""n. 19(5). Any aHemp" to measure the efToclSof chemicals on the
reprod""li'" prlX:CSSwill havc to he delayed until ou' kIlO'"Irdll" of thai prlX:CSS
lmpro'~.

The most extellSi,'e studies ha"e been cond""ted on the "ano", ,pecies of Hyd,a.
bUI nearly all of those ha, .. been confined to a comid erat;on of blldd ing and
regeneration . Whil<lhe basic facts of ",xual ",p roduction are tno"" n for se,.. ",1
speci... of enidarians. ", 'C know almo" no,hing of the de""l" Sex",,1 repro­
d"""on In Hydra tcnd. to he "'asonal in natmal populahOns, '" rule looboratory
populaliollS e,hlbit sporadic and u,,"'plainc<l period, of ,<xual reprod""tlon
(Rei",_ 1973), s.c,·c",l marine hydro"". havc been cullured m thoelaboratory. the
mo,t notable of ,.-hichin the present conte" isCampanu!o'io {Stebbing, 19(6). In
spitc of the fact that cell< ,"'ith <omeof lbe chamClcri<li~, of nculo=mory cells
exist tn Ifydra, no studies on the hormonal control of '<xual reprodoction euS!.
Strobil"ation tn a SIngle scyphozoan has been a"""lated ,"'ith a possible
neurosecretory control (Crawford and Webb. 19(2).

3.3 Plat~helminl"'"

The f.... .I;"lng lurbellarians and para,ili< trematodes and ce>lodescompri ", thi'
Jl"oup. Most species are hoermaphrodlllcand a",xual reproouc1lon ..... common
phenomenon . The ll"ncral S'ruc'ure of tbe systems is k110"'".but lhe detail' of
mochan .. m, and control processes are poorly explored

Among the lri<;ladturhellarians. s""h a, the familiar Dug.sia. tbe OOC)les
develop in two o'-ari.. situate<!immediately posterior to Ihe brain. The lestes in
'hese hermap hrodit .. are mullifollicular and numerous . Bmh testes and o,-anes
are surrounded by """,'e pl<XJand lhese ocr.'... ~onlam neurosecretory granul ...
which are more n}'merous '"hen the germ ""USare undergomll me,,,",s and less<0

when spermatogenesis or oogenesis .. romple,. (Grasso and Quaglia . 19711.
s.cxual maluration i' seasonal. usually occurring to the 'pnog. but 'he
e"';ronme",al stimuli invol,-ed are poorly known, Copulation with mutual
ill$¢mina,ion is the rule in f.... -li' i ng forms. bUl ,,,If.fertih:zallOnmay occur in
some parasi';: forms.

A", 'ual reprod""'ion b)' Iis'ion" rommon in man)' IUfbeliarian,. and some
slrains of lnclad sptties may reproduce only by this means. Ncur"""r<!Jon and
compl~ beta ,i ours are tno,, 'n to he aSSOCiat«!with fi"ioninll (Lender, 1974:
Bonm l and G "" so, 1977). bUIdelail, of the contro l a", poorly known,
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3,4 "''''helminlhoes

Gi"en thaI ".matoc\e$ are extraordinarily irnp<>rlanl in the 5<lilfauna and lha t
plant and animal pata,ilie ""matodes are ol conooerable <coMmie lmpor tan<t.
it issurpri";n g lh.. Wt know SO , .. ry lillie about the ph}1iology of reprodllCtion .
parlJ<:uLorlyin fret--U~inll nematodes . The SlrUClU... ofthe '}1ttms IS kno"'.". aoo
a good deal i' koown aboulthe proollClion of the pmettS in loOmespceies (Bird.
1971). bUI we know noth in,l of lht control of tht reproduct i"" proces"
Ftrt ilization i' inltmaJ, SO that bella.iou,al ,espoll'" a... import a n, . and
phtromOlles ba, .. bttn rtpOrted (Bont and Shorty. 1978), Th e .pennatl>loa a.-.
unusual and underao chanlles in the female tract (Burahardl and Foo r. 1978).
The free·living CQtIJ()l!ulbdirl.<tkg"", b.. bttn "idely uxd in beha'ioural and
dt""lopmentalsh>dies (Ward. 1976). but tbe fact Ihat Ihi, species i, normally
parthe nogenetie Umit<its useful ness in Sludies on reprnducti"" biolO!}', Nema­
todes ba"" a IKUrosec...tOry .yst tm. (Oa~ty. 1976). but nothin g is known of the
control of reproduction, We kno w even lesa about otber classes of the phylum.

3.5 A"... lida (o' hor than marm. f"...... )

Bolb terrestri al and aqualic- ohgochaetes a ... extremely Importa nt orianl,m,
Ttrrestria l oli8ocha .. es form a Lorge part of lhe in~trt ebra\O bioma .. in soils
,,'hm: Ihey aid in Ihe t«akdl>wn I>forpnic maute. assi.t in lhe miring and
aualion of soil and impro"'; the ",",\O,-holding capac ity. Aq ualic oligocha ......
indudina both ench}1ra6d, and tubificid•. a.-. similarly import ant ;n tht
bre.kdo ....n of organic malttr in sed;mttlU and ","' .gc, The tubificlds are oflen
usc:d.. indicators of ""ater quaUty.

The biolollYof reproductio n in ea rtbworm. has httn re~ie,...d (Ed....ard' and
Lofty, 1977), Oligochaetes a ... hermaphrodJlic. and the male and fema le organs
are confined 10 a few anterio r "'gment< . Groupo of sperm.nosoni a formed in the
testi' p... into the strmnal "esiclts. wht ... sperm atogenesis is completed
(Ultaud. 19SOa.b).

The ...producti,,,, beha"iour of .. nh ....orm$. culmma t;ng in mUlul copu­
lalion. is com plex. While tbe famiUar Lumbricus Itr rtJlTis mat.. on the 5urface.
other ,pecies mate below the surfa"" (Ed,, '.rds and Lofty. 1977). and phero_
mOnes may be in"ol"ed in lhis and other pr"",""", (Roscn kotUer and 80 ....
1973).

In ,-;"w of thtir imponal>Ct. it is perhaps surpri,ing that we know relati,,,,ly
lillie aboullhe reprodllCli"e biology oftubificids . For some spceies. deutls oftbe
", producti"" process a beginn inll to """'rae (Poddubnay a, 1979).

Leeches art c1o&tly laled 10 oligochaet... and ""e kno....a good deal aboul
their rcproducti, .. bioloz) '. Reprod llClion is seasonal (Sa""}",r. 1972: Dn ... and
E' ..... n. 1977). Leeches a", protandrous hermaphrodJtes and 'perm is tran,fer_
red <:J'her \'Ia an e,erstble penIS 0.- spermatophor .. . Ccpula,Ory beha'",ur i'
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rrtqL1tndy~ompb (Mann , 1962). Spermatogenesis. and po55iblyoo gennlS are
under Ihe contro l or n. urosecretory ct lls (Hagadorn. I%6; Webb. 198<1;Webb
and Omar. 1981). and the neurosec retory ctlll ha,-e been extensively studied
(Webb and Orchard. 1979; Orchard aDd Webb. 198<1;Webb. 1980).

3.6 Crusu,,:ea

There have been more stndies of reprodDCtion in Crustacea than in an)
mvertebrate group other than ,= tS.The anatomical and ph)s iological aspects
or oogem:,is are r."i.,,"«1 by Chamiaux ·Conon (1973) and its .n docrine
regulation by Adiyodi and Adlyod i (1970) and Kleinholz and K. ller (1979).
Howe,-er, reproduction In Crust .. ea IS rar bs well underslood than lhe
prorusion of papers might sugaesl. The current picture indicates significanl
differe""'" in contro l mechani'ms in different groups wilhin ttoe CN$tacta, a
situalion whIChcomp licates thechoioctor model.)"tems for . xperimenlation and
pre'-ent. ext.osi'-e generah2.lltlon.Tbe follol<'ingISa hIghly .uperficial su" '.y of
SOmeof the area. in which ""me g.neraliza tion appear. to be ,.. lid.

Mo'l CruStactanS u. dioecious. though ""me cirripodn and i""pod, arc
bermaphrooltc<. Partbeno ge".. is is quite common in the Branchiopoda .
OStracoda and hopoda . Howe';. r . only sexual reproduction has been in·
,'tStigat«\ in any detail. Although sex is delcrmined genetically , tbe permanent
leCQndary sexual characteristic. a re d.tennined hormonal l) b}' tbe andro genic
glands. Breeding is usually e""fined to a species-<;haracteristicseason b}' da) '

length and tempenuure cun whIChregulate secretion or the hormones control ·
tina OOjlC1lesis (discussion in Steel, 1980).'These are primarily cerebral neurohor.
mones released from tbe sinu. gland .. boseaction On tbe gonad, may be
tnhibitor), Slimulatory. Or both. It is usually assumed that spermatogenesiS is
continuou. abo". a thrtShold temperature . The specm are orten structurally
complex but usua lly not motile, Tbey are ort.n transferred to tbe female in
spermatopho res wher.the) are said to .u"iv. ror SC'-eralyears. Fertilization is
usuall)' Internal and occurs a t the lime of .gg laying. Despite numerous reports.
there is nO compelling evidence for lbe occurrtncc or !.eXpberomontS ;n an)'
crustacea n (Dunham, 19711)

0, 'anesCOnlainingOOC}'t.. in , il.Uoaene:sissecret. a hormone I< hie:h elicit$tbe
dilferentia1ion ohhe temporor)' 5e<:oDdary !.exual charoCierislics seen in r.males
dunn, tbe breeding season. These con.ist or modifiod appendages .. hich form
various I)-pes of brood sacs or pouches into ,,'hich the ne,,'I)' fertilized eggs are
deposited, Thus. in mosl crustaceans e.. h balCh of egg> is retained aHache<!to
ttoemotber for Ihe duration or emb)'rogenesi., Thi. silUation greatly facilitates
a..... m.n t of lbe . ffects or cbemicals on reproduction. for the viability of a
complete clutch or pro geny can be determined follo"'in g treat mentS app lied
eitber to lbe progeny or 10 their motber .
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3.7 EclIi....... nua .a

Mos' eehioode"". are dioecious. bu' a fe'" are herll'lllpbrodile5. Mature gametes
are normally .bed "a lIonooucts and fertiliza'ion i. ex,ernal e.cepl for a fe,,·
specie, whiocbrelain "8lI'. No accessa')' pand o are pr.... nl. In .'arfuh. ,he radial
n.n'e.orualns a peptide hormone. gonad-<limulatins subs'a,"",e. ,,'hich induces
In lUrn 'he production of I·me,hylaokni ... b) 'he follicle cell. of'he ovary and
'he inlers'itial cells of ,he ,e.. i•. I. Methyladonme in ,urn induces OOC}'le

ma,ura tion and sbedding of ,he gameles.

3.8 Protoehorda'" and Pro,o,'erieb... ...

Under ,hi. headina "'.. haw grouped ,he ph)lum Hcmo::hordata and tn.
subphy la Acrania and Urochordata "f lho:ph)lum Chorda'a_ While thi. is a
dispara,e grouping, ,he)' can beronsider«\ l<>gether in tho:p..... n'con'.x, largely
because " .. koo '" falher linle abo'" 'heir rejlrooucti,'e processes_

They are all marine. and. w;,h "nly a few e.cep';ons. Ihe se.es are l"paralC,
"",em ,he lunlca''' , The gaps mour knowloj,. of them are large and numerous.
The d... ~. "f same te formali"n are reasonably well kno"n. Release of
m3lure gametes is by rup'ure of the gonadal wall in Acrania. bUI gametes are
shed ,'ia dUel' in 'he "ther voups, Fertiliz:l1ion i. external, and reproduction
tend' '0be .. asonaL N<>Ihing is kno",n of Ihe con,rol mechanism. _

~ FIE LD STUDIES OF THE EFFECTS O F CH EMICALS

Our approa ch in this and ,he .... 1 sectIon has been to <onduel a compu,erlzed
lilerature search. We ha,. c",,6ne<l ourselws to ,hoseref"""", .. which dral in a
rurec'way wi'h ,he elfeelS of chemical. on 'hose processe:swhich lead '0'he
production and fusion "f'he game'''.r " r ml>Sl"fthe ,ua, ralher liule material
has been re'rined. bU, no auempt has been made to re,iew all of ,he material
inv"lved, Whal follow. is an ane mpl'O pro.'ide an " yer,i ....

~. l P"rif. ...

4.2 enida ria

Gi'-en the p'"'CIly of informa,io n coneeming basic >cxual reproduC\iy. pro­
ees... . i' i. perhaps no ,urpri .. tha t.o lillie Ii,era,ure "liS relriey"ed,One study
has .ho "'" lhat 'he a<tmarian CueKf ~dwIoiIQr~ reproduces by "iY;parou,
pathenogenesi. in poIlu,ed wa,er hul i. o.ipamus and sonoclloric in a lUll
polluted en"imnme", (R",si and Calenda . 1974),
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4.3 P1all'l\<,lmlnlhes

No field .lud ies on lhe <ff""l. of ehemiotal>on lhe reprodU<:lionof [,...,·Ii,·ing
Ilat"'·orms " 'ere Klrie'-ed .

4.4 AodIeImlnthes

T1>ereha. been a myriad of field Inab of nemalicide>. but all of lhese have dealt
wilh populalion redl>CI;on.and none ha. considered the repco<!uct,veprocess in
a d;rttl way_

4.5 Annelid<

Sludies "n lhe effeel of env" onmen1.O.1contaminants on aqualic oligocbael"
ha"e deal! primarily ",'ilh number> of animal> in field populalions ,Th/:$e s,udies
an; ""melimes con"o,ers,al. For eample, while ohgocbaet .. have long been
eonsidered intoleranllo hea vy me llib (ASIon. 1973).curr""l sludies sugges' lhal
olii\OChaele$aft among the mOSlloleranl benlh", in,e"ebral .. (Chapman el " I,.
1980).

Th<'1l'ha,.beennumeroUS field st udi.. on the effect of pesliotid... fungicide>.
heav y mea b and fe"ilizers on "an OUS""tiv,t ... of earthworms. and Ih<oestudies
are rev;e",-edby Edward' and Lofty ( 1977),Typically. these Sludie>have invol"ed
small experimental plots Wilhadj=t plols prt""ding control>. Populations are
usesse<I al lhe end of lhe upenment by soakinll lhe plolS "'-;th dilute
formaldehyde. ",-hich brinll' the worm . 10 lhe ,urface "'here lhey an; counted.
Man}' COmmon pesticides are to~iot to eart hworm,. resulting in a decreased
populalion . Many <ludie>(e.g_Thompson and Sans. 1974) reporl that aner a
}elr lheft is no diffen;1ICebel"'-een lreated and control plots . •uggesliog. perhap'.
tha t lhe reproduct,ve capacity of survi""r> is unimpaired , Ho" 'Ovcr.• uch stud ie>
make no allowa nce for possiblt immigration from adjacent unt .....ted plots
(Ma rt in. 1976).

No ftfeftnees to ,10<effects of chemicals on reprodU<:lion in leeches "''Ore
retrie"ed.

4.6 C..... ..,.,a
Although llo<re i< a \a~ l" eratu K on the effee" of nriou. faetors on
reprod l>Ction 00 Cru<1.I.<:ea. only fou r rderenees " ..re /'Otne"ed ""hich dealt wilh
effect. of chemicals in the field, pos>ibly .. Reeling 110<difficulty of obtaining
useful information conoeming reproduction in lield Sludie>.All four studies take
the approach of counting the number>of individua l>in a polluled Iocalion and in
a conlrol loealion al COUllh!}' monthly iote",.,.I. f01 porio<!.up 10 18mOnths. BUI
sU<:h data do nOlo10themstlv es. say anything aboul reproducth .. proc ...... . It i<
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tbe len ca",fully quanllfied info rmation which i' potenlia lly informali, '" For
exampe. Wu and Levmgs (1980)report that whilebarnacles survivein rbe
vicInItyof a pulp mill outfall. reproducing animals . ... seen .... often .t lhis ,it •.
Con ...... ly. Anon and Miln... (1980) found thai populalions of the is<>pod
AKU"" aq..,/ icllJ increas«! in organICally polluted screteheo of. river.• finding
which they an ribut. to a=1e"ued dc, .. lopment.

4.1 EdliDOC!ermat.

No ref.... nceo dealing with the . fTecu of chemic.Ls on ...production of
«hi nod.rtm in the fi.ld w....... Iri.ved .

4.8 Protn<:horda1el;.nd Pro'(h'ert.br.t eo

No rde= dealing with the df eclO of chemicab on reproduction " .....
relrle,'O'd.

5 U BORATORY STVDIES

5.1 PorifMl

5.Z enid_ria

Stebb,ng and Pomtay ( 1918) ha. 'e d<$<rib«l a S)1t<m in which asexua l
...productKm (rlIt< of buddin g) in Hr dro iiI/oro/i . can be used to assess tile
SUblethaldfects of ,""vironmental <ontaminonl$. In sd erllctinian oorab. chronic
exposure 10. ", de oil led 10a decrease in Ih. number ofk malegonads per polyp
(Rinkovich.nd Lo)". 1979). Compo.n~l4ritJJkXUOJ<1. a marino h)'dro id. respond~
to .nvi ronmental stress in • ,-ariety of "-ay~, Of particular interest in tile preoeot
<onteXlis an iocru s< m gODOzooid product Ion which may <)<Xur at ' .. ry low
conot1ltrations of contaminanlO (SI.bhtng. 1976). and this ,ystem ,ho~

oonsid<rllble promi", for adoption as a ~tandanl proccdu"' .

5.3 P.. IJIIe.min ....

While cbemicab kno "''Il (0 pre... nt egg·~1>o1l forma llon in par asitic fiat...ortm
(Bonnen and G ianutsos. 1978). il i. nOi known if lhese willalso act on frtt·h.ing
forms. Chemicab. ~ue h as DDT . ...hich . rrect ll>obehaviour of platyl>olminths
(Kouyoumjian and UgIo.... 1974) should be expeete<!10 disrupt copula tory
behaviour. bUI no ,uch $ludie-!ha... ~n found , In lerms of asexual "'p ro-
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duel;on. it;5 know" thaI chronic exposure to DDT .Io,,'s the rat. of fissiomng
and '"BeDention (Kou)"oumjian and Ville....u'"e. 1979),

5,4 "sche bn,nt,,"

Ra,ht r rew $(ud;cs have focuoed d'rtetly on tbe reproductive system: Popu m
and Webster (1979) ha"" .""mllled the elf<C1of cadmium on fecundity and
growtb of tilt partbtnOll ... ehc nematode C<K"",MMilu r~aJU. and Weber rr
aI. (1979) have shown that SO, applied \0 host plants may enha"'" the
rep roduction of plam parasitic nemaHX,"$, Samo,lolf" al. (1980) d. ...ribe a
long-term toxicity assay for aquatic contaminants U',ng In. f,.." .living
POMgrtl1u>udM ..... and the Ilrneral field oftbe effect of cbemi<:alson f=-Iiv;ng
nematodes has been recent I)' re'ic" ..cd (Samoiloff. 1980),

Among Olhcr Aschelm,nmes. $0= Sludies ha,-cbttn "onduet<d 00 the effec:l
of pH and mller conlaminants on egg production in a parthc noge""tic
gaSlrotnc h (FallCon and Hummon. \976; Hummon aoo Hummon, 19(9).

3.3 ...... Iid.

In spne or the faet thaI tubifi<>dsand enchytrae ids a~ easily maintained in lhe
labora tory, no ~fere"""" ha,~ been ~lrie,'ed v.'hkh des<rihe the effects of
<hemlClls on reprodocti,-e pro«:sses_

Among eanh"'nrrm, only one 'lIIdy (van R~, 1975) examIned the effret of
<hemicals dl1--."tly on rt'J)rodu<1ion. This demonstrated that D DT decreased
coo:oon formation , that oopper and mercury decreased reproductive activity and
that:cine induced a loss of the chtellum ,

In conlrast v.ith the other m'-ertebrate groups <ons,de,"" in thi> paper, there
exists a substa ntial lIlerature dea ling with the effect. of environmen tal con -­
tam inanlS on rt'J)roduction on cnJSlaa:ans, T~ is conSiderable unifonnit}, in
the method' usm, Mos l stud ... ha"e utilized ArUmtlW, J)Qplul", or Gammarus
because these are small aquat" ,,"', taotans "h;e,h breed rapidly in the
laboralory. Unfortunately . the dela ils of the phy.iology of reproduction in these
genera. parti cular ly in terms of the ' ole of various interna l conlrols, are stil[
obscure. 11is thus not possible to interpret observed effects on reproduction in
terms of a perturbation of a ny parl;e,ular ph}'siolollical pro<:<:sses_

In the great majorit}' of ca$($, the chemical to be e'"luated is added 10 the
"ulture water (usuall}' at . e" eral concentra tion. in dirr"mtl <ultures), and some
con '-enient ly observable par.lmel"rs or reproduction are measured at intervals of
time ranging from 1to 2(1days_The paramete ... or interest consist of one or mOre
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of the following, in decreaSingordor offtequ~ocy of n.. : LC~ and or Ioog....ity
ofparents.numberofyoungproouced.propcnon of adultsproducing young.
numher of brood' prodllCcd. numher of ~ggs pn brood. size of .ggs . Depression
in any of the.. parameters is im.rpreled as .vid."""ofimpai~ reprodU<:lion,II
is generally assumed lhat larva. liheraled from the brood pouch will su....ive.
alihough Cunningham (1976) aloo .xamines to:<icitytn Nauplj .... lan'ae and
cyst•. linden (1976) also notes reduced iocid.oce of precopula tory hehaviour.
Thesetesl$ have bttn used to ,tudy the:dT",ts on reprodllCtion of mat~nal, such
.. oiL detergents. metals (Cd. Cu. Cr, Hg). and , ...rio,," herbicides and pesticides.

The possibility always ~XJsts that lilt ~If""ts of clltnucals may he ~xprt:SSW ..
an all.ration in tilt qualny Or abundanct of food . For ~xamplt. S<:h"'...n and
Ballinger (1980) have ,ho"''IIlhal cbanges in lhe species of algae supplied .. food
to Daphnia modify the , ...riou, panlmet ... Ii'ted above. Fun her. changes in the
food lupp ly inllu.J>C'e'the: .xtent to which oopper inhibit, reproduction in
DaphiNJ(Winner t l aJ.. 1971).indicating that indire<:ldTec15on the food 'uppl y
""mehow interact "'Ib dire<:1dT"'l$ on the organi,m itself,

S.7 £.cbl_ rm.. .

Since the spermato:ooa.of "'hinnd.rms ha,.. been used in a wid~ nnety of basic
<Iudieson the phy<lologyofspnmatoroa. it i, no surprise to find lliat lhey han
been used in the asscssmenl of the .lfeelS of pollutant< on ,perm mobilily . Thu'
Nicol n 01.(1971) bav~ ,bown thai aqUW\l$. , m,elS of No.2 fuel oil dq>ressod
mobilitYof sperm and interf.red wilh f.nilization and early d~w:lopmem in the
saed-dcnar and Hap lrom and Lonnin g (1977) ba' .. de11!on<lrateddeleterious
.lfeelS on .. a unobin 'pemtalozoa of oil dispers.o.nt<al OOJ>C'e'ntnilion,as Iowa'
0.3p.p.b

Echinoderm ~ggs ha,.. also bttn used in similar 'tooies. but masl ofthesc ,,,,,b
as lhe study of Kobayashi (1971) ha ' .. deah "'ith the d..... lopm.nt off~rtllized

~w. a process which lies outside the scope of Ibis paper,

6. DISC USSIO N. CONC LUSIQ.,. AND R( CO .\I ;\-U;NDATIO N

This paper isbasedon a number of assumplions .The first ofthest "IMI in order
to be abl.lo lISSeSSlheeffect< of potential c1.. mical pollulants in the laboratory, it
i, important 10understand at Ieasllhe rudiment< of lhe various fuoctionalle,'.l:<
",'hick .lfect reproduction in the Iarget organism Gi, .. n the OCQlogiealimpor·
lane<:of SOmeof the la'll consid.red in lbi' paper. our lack of basic kll<l"led~ is
a ttlIll(r of urgent CODctm. Th. Cnidaria. for .xampl •. are .ssenlial for the
formation and minl.none<: of the coral rttfsofthe world. Any serio\l$ah .ration
of the reprodllCli,.. nileS of the organism, which form the reef. will M"~
profound effect•.W~ know a aooddeal aboutlh. important processes of asexual
reproduction (budding) in Hydra. a potential, tbough atypical. test system. but



Effn:u "jC ltnnUalson RlproJuc/iw FllttCritM;" C~r14;" 11l~r~lm"eJ 493

" 'C t no .. nothin. of the fXUlr1 con,rolhnll'ho .. ~...aJ ptOC<SS . Netnl lodos art
amonl tho most common 0011orpllliJnS. bUl "''' a.., larg,:1yiJllo~t of lhe "11)

UI..-luc:h I'C'pTOdUCllOll ISCO<![roll<dIIIllus JfOup . E ", n in [~orpr".",. .. ha:h
.,.., .lready used Ill. rh< Iabont ory fo r U1.uc:l1y0I11d..... ouch lU Lh<aqUlI£
C1'\IItxea.. tlo<[<51 oYJItm$c~ll.such lU Dap/utill. to«OE CD guod<-ht>n).rt
f""'lllletl~· tbooe ..-Iuch .,.., not ...'t1l cbara<:1t1U:Ildin I<nm of J't'Prod1.lCtl''t--A M'COftIIassumption Ii oln>ous : Lh<Ofpnllmi c/los(n '""~Il)~ mUll be
c:apabk of,,",n !!:morod 1ft .ho Iabontory_ ThIS oharp/) ' limns the <:urT<Il[ o;ho...

of orp.nt$ll1S. and .Iam"".... (rom a;lClild,nUOD Jt'aal "'hoI< lniI . mcludUIJ
n:1uao<k1ms. pmlOCbordalelo.nd pro,o.,eneb"ua

A tan! ...... mpUODolfen _ addluotlll room for mI1>OCU' .... . Man ) '" lhe
(UDCtlonaJ levdi a>IIiidtruI abo'" IN conutlOQ 10 all orran .. "", . ud dlll'Cf'mCCS

UI.boofplioa and ...... bobI.muock. cltntul;:ak ...-I-=batr<Cl • ru""UOlI.IIk-.'.I 1ft

o~ o<pnJim.,.., liUly [0 atrect tho "' .... tuDl:tionaI k>,,1 in all Olhtt orpn ......
For.., .... of the func:uoll.allt,,,k .SllChIi pmne produruon.spcrm mobIbty and
f.rulil[nl (:;OpacItyof the pm<!os . I. ,.. bel'l)"of such aD ... umpuon ISpttba~
OtrolOUS--For bilhtT and 1'O'.1I.1.aUymort speaaliz<d k''t ls. the rt .. ptt ha ps less
mml in """h an .pproac-b. r.ecen.l<Ss. it IS dcll' that for . U of tho IIU

oonsodcred ,,'it h tho exccpllOll of Ponf.. . . neurocndOCrillC procuscs play .n
impona nl rol< in lho control of rtprod Ul:I"" prOCCloSeS_S""""DCUtOii«rttOry
prOCCloSeSa rc ,'.,-y .. mllar [hrouJ/loul [he . nHnal klngd om . chemicals "' hN:h
ptt turb the llCUrl>:'l<ClCtol')' prQCCiS.n: likcly to . lfcct the rcproductiv c pr~,

E'" n att h< behaviour al 10,.. 1.chomicall which alfcct th< n.,-VolUsj'Srcm in one
1n'-erlCbrotc an: bl:.ly to d isrupl rcproductivc beha"iour in olh.,- in ,'crr( bra l., .

G i'"n the validity of oucb . n .>sumpl;on , it i bould be I""'iblc 10 .. lco:ttOS!
syst( ms based on 1Mfuno;tiona l kvel ra lhe r than on a parlicular toxon, II ii t rue
of C""riC [hallbcn: would be I"'I[( r co nfidct= in a ill [(m( nl lha la ch<nucal
,, -hich .ffccts nc:uro$CCn:l ion in. for cxamplc . an anllCbd is also likely 10 a l'l"ecl
n<urot«: rcrion in HJ J ", . than one .. hlc:h i la t.. the "" ..n," tha [ • cbcmlCll
~,;,Ito~1 df <Clon on<: ')'SlCm .. 'in no[ .I'I"CCtlhal i)'S[(JIt m. dJft"crcnl orpnlSll\ .
Ho"' -." .... that .. aloo lruc for t.,[ O)'Sl~ms baSC'd.on orpntSmS . For ~xampl<. bo ...'
muchconDde...., .. 'ould a .... ponilblc ..,icn llSt be ..illin llO 1" "' 0 ' ".' ...... nl
lhal because. partICUlar compound f.. 1ed10.l'I"cetn:pro(\lIC\l .... 1ft. for (xamplc .
Hydra. II " 'auld also "'" alf<Cl <»tal·( orm"'. OtI"nIUll' ?

Apinst \Ius bac tJfOund . Ibm. . .. air... ",., diff=t leU of .-..com-
lDCDllauom. 00l!: bai<d 011tho COIlOepIof modc b of fuDcoonal orptUilIuon.

...... hct bai<d tho......-e <;oo",nUOlllI'PJ>n*:h of""" l -.rw;xldorplI.ISmi .

Thc:sc-'re "'" mUIl..:Jly eJ.clus" ... ltemalJ"CS.

T1xfuil ah<mati .... thai '" """'I funcbonalk>·eb. mal or may DOCIn,-oh -e
lnI co, 't red 110 I. presenl plptt W~ rccomme:nd . 1>0'0..........that

(II SUlIablcS) .. telm b<">:knuficdfor llJ: aml of tile:dfccu ofdlCmgb OIl
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the following fu"" t;onalle'-els : gamet. production. 'perm mobi lity. Deuroscc­
renon.and nerVoUSa<:t"ily.

For ""me of these ",'.Is.'lOmeof the tm "'f.,. ...d to in this paper wlll he mC!'t
'u itable. Sea ureruns. for e-.ample. ha "e been "idely used in .tudies of .perm
mobility and fertilization . For othe ..... uch a, neurosecre tion and ",,",'ou,
oct;vity. other taxa . 'uch a, insect' . ,,'ill be more appr opria t•. An important
ad'''nt age of such an apPrrnlch is .peed . Rather than having to rei) on chronic
application of cbenucals. many of these phenomena can be studied on a ' -ery
short Hme sca " in a qoit. isolatO<!fashion .

'Thesecond ahema ti"'.lhat of idemifJlini SUitable test species to rtp...se nt W
'''rio os taxa . IOvol",,"some com mon pnDCiples. First. as a lread y . taled. the
organisms muSl be capable <>fbeing reared ;n the laoor.>tory. Second . it i.s,u",ly
ob' iou. that the ideal mod.l 'hoold he on... Ib<:hi' ecologically .illni6cant.
allhough the DeceSSltyof rearing the organism in the Iahoratory ,,'lll require some
comprom i"". Third . the ideal.ys tem is one In ..''''''h the reproductive process i,
a lready well und.... tood . Foun h. there will be some com mon m.lhodologies to
he used. These ha'"airead )' been addressed in the current guidelines for Daphnia,
Against thi, backll'ound. "'e funher recormnend the follo" 'mg

(2) That H"dra be developed as a test system for cnidaria. If this i' to be a
u.. ful model. research on .. . ual rtpr oduetion in the lahoralOry i' urgently
required , Alte ma tively. Carnpanuw,ia miaht .. r'''e as a ma ri"" organi,m .

0) That Dug~jja be d.'-elope<! as a model for f\at" ·orm•. Onoe more ...... arch
on .. xual reprodllCt;on is requ,red.

(4) That P""ag~lI... be develope<!.. a test .ystem for nematodes and otber
Aschelminthes. The procedures of Sarno,loff (1980 ) form a good bali, fOTthi,
work. but it ' houk!be recognized tha t ..-eknow very liul . of th. proc•• "" ..·hioch
control reprodllCtion in nematodes .

(5) That lubih: ids be dc,doped II a model ,}'$\em for oligochacte ann. lid,.
althouah UmrbricIIJ is allO a candidate .

(6) That Daphniacontinu . to be developed a, a mod.l for aqua tiocC,w/a ffa
and that furth'" rcsea",h be concentra tod on the phy,;ology of reproduct ion in
thi. geoo•.

(7) That consid<rallon be giw n to the US< of ttfTeslrial i'lOpod•• uch a,
Oniuus as model. for t",restria l crustacea", . Th= can be reared In the
Iahorat<W)'in large numbers ... .. know something of their reprodu<tl\-eproces"",
and cru, tacean, are impon a nt componen t' of soil fauna.

(8) Thlol. for ,he p""",, t. nO specific test . ytem for echinoderm. or proto­
chorda tes be contem plated . Potential dl"a:ts ..i ll haw to be extrapolatod frorn
other taxa .
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Methods Jor Assessing the Eff ects of
Chemicals on Reproduction in Higher Plants

p, L. P'FAIII.U ANO H. F. l l""SKE,,-S

I Ii' TROD UCT IO",

The =ent ....pid i""rease in the number and div.r";t)' o f chemicals release<!mto
the biosph= ala resuh of agricultural and ind ustr ial ttthnology has ~eratM
mIlChinterest and concern as 10 Ille elft:<:t.oflbc:se chemicalo on reprodll<"tioDin
high.r plants, Since hisJ>er plants rep..... nt a major food $OU= and add
immeasura bly to our a.. thetic nature , rapid, """urate t.. ts to determine not only
the immM ;at. elfect of these chemicals on reprod uction bur also 10 prod-icttheir
indirect elfect on evolution and ecology are ' ital . The de'~lopment oft bc:setests
is a formidable ta sk si""e reprodllCli'.., a bi~ty as measured by proFny number
can be alt...<:dby many pb)sical. chemical. b;ologo:;aLand evironmenlal foctors
Imposed for any length of time durin g an y port ion of tbe lifecycle. Perhaps more
ImportanIly . lho numb<r and di,'.r$it)' of species and chemicals inwlvw are
larll" .

Tho purpose of thiS report is to ""ami ne tile scope and complexil)' of the
problem, to oUlline methods'" hich are presentJ)' a ,'ail.b le 10 a.... s Ihe elft:<:tof
chemicals on various stages of tile hfe c}'Cle. and to discuss fUlure direclion.
which hold shon -Ierm and long.term ""I uliens of this growing problem
associated "'ith modem techno logy. S,nce a largt number of res<:arch reportSare
a "ailable in ""me areas, recen, reports . books, and comprehcns;" re";'w a rticles
"'ill be cited where'~r possible for brev'ity.

2 SCO PE A;"D CO:\-l PLEXITY or PROB LEM

Much d,, ·.,SttYexi$u amon g the more I han Iso,orospecies of higher pillnu with
the followinll factors among Ih¢ major differences contrib ut;nll to their
differential response to .hem .... 1<(Steward and K!ikonan. 1971);

(I) method of reproduction (asexual. sexual) ;
(2) life cycle (type and lenlltb- annual. biennial. peren nial with herba ceou s or

"'oody form.) ;

'"
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(3) flowering p<i.ttem(determinale, indeterminate);
(4) Orjani za.uon (monocotylodo n. dicol) ledon) ;
(S) cell characteristics (chromo some number. ploidy Ie"el, cell volume. DNA

content),
(6) climatic and edaphic adapta tion (tropical. subtropica l. temperat e in aquatic

or ter..,lial condilions); and
(7) pollinalion 51ratellY(..,If •. Cl"O$S),

One or a combinat,oo of lhe>e facto" can alter the elfecl of chemical•. For
e""mple. morphological "anations can influence Ihe penetralion of chemicals
into the plant thoTeb) allering lheir efl"ecti, -.neu (Buko"ac. 1976), OIhers
produce biop hy. ical. biochemicak 0' ph}',iological "aria tion which allers the
dfecl of chemicals once inside the plant (Brain. 1964a; Cra rts. 19I'>J.MOTeland
and Hillon. 1976;Moreland. 1971),Still othClSproduce developmenlal yaria'ion
which influell<C$tbe impact of chemicals (k,rtner and Zwetp. 1964 ; Kiermayrr.
1964;Andeland Zw,," p. 1976; Linck. 1976).Factors sllChas pollinalion Slrategy
lim;t the e:xposurt of ,he independent but especially ,uln<rab le maturt polk n
vain to cbemicals present in tbe atmosphere, In contrail to pollen grain, from
ero.. -pol ~nal ed specie<. the pollen grains of self-pollinaled species are com­
pletely prOlecled from chemicals in tbe alm",pbere b}' the protective floral
structure , fn addition . genetic difl"ertnC<'Swi lhin 'P«'ie's which art often
quahtative . SImplyinheriled faclors are know'n 10 alter """siti";I) 10 chemicals
(Nelson and Rossman. 1958; p fahler, 1968. 1981. Hanna. 1977. Pfahler ~I 01..
1980. 1981),

An equal or e"en greater amoun t of di"erslty is presenl among potenlial
chemical polluta nts A long liS!of di,'<TSe"'organic and organic chemicals in
gaseous. liquid. and solid forms a re koow'n to possesphyloocli"ity in"ol"iog
numerous aspects of planl growlh. dev'elopmcnt. and reprodllCtion (Nelson and
RO$SJO.iln. 1958; Brain 1964a. b. 1976.Parr and Norman. 19M; Shiw,nna. 1972,
Cartw'n ghl . 1976; Hanna . 1977: Jobnson and Browll. 1978; Theurer. 1979
Pfahle, n 01.. 1980. 1981; Pfabler. 1981). Earl ) interest m pbyt""ct,,," chemica ls
w"s i enerated in tbe agtletlllUral and forestl}' leCtors as a mea". of in,pro"injl
yields. quality or mechanical harvest. lnitiall). lbe phY'OOCti,'it)of mosl
chemICals was determ,ned empirically by applying h,ghJypurif><dcompounds at
'''riom cor>centrauon, on selected speciesal '"noW! Slagesin their life C}'C1eand
"bscrv,n g the effects (Sagl!l'l'S.1976), If some type of activity was detected by th,s
screening procedure. an "nitati''C app roach wa, taken to which compound,
struclurally ,,;milar '0 the active compound were prepared in ,he hope of
improvin g Up<lntho actIV'it)"of the orig;inal compound , No s,mple relationship
betw...n chemical struct ure and phyloaclim}' was found for most compound,
(Brain. 1964b. 1976. Linse,. 19641, Howev'Cr. a closer J-elation.hip belw·...., the
chem;';aISl nlCtUJ-eand plant aUltin aClivilywa, detected (Linser. 1964 . Ret ' -.
and 0021<r. 1976). Apparently. chemical structure has vel)' limited '"lue in
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predicti ng phyloa<'IVl')' in all but a restricted group of compounds. At the
presenll;me, the ra tional approach i. il>Creasingly used to pr<:<liclphytoac"V ;I)
(SaU" ..... 1976). Thi. inYol,"esmakillJl det ailed nud'" of plam biochemisU) and
physIolo gy in order to more ao:;uratdy pr edict plan t syStems wmch rna)' be mott
vu]ne",blo locenai n grou ps ofchemica l•. Howe, '., .lhi. approach requires much
more spco:ifo:;biod.:mical and phYilolog;cal info<mallOn about planl 'Y'lemlI
than i' presrntly a, -. ila b le Of can be reasonably coll<cted for a largo<numb« of
higher plan! species.

In a<.\dillon to tho major dilf.r~ among bigber plant ,pccies and
ph)loacli". chem icals di""ussed abo, ... many Other fanol'S infiu<nce lhe
spocic$--<,hcmical int eract;on . The ''''~ in (he hfe <)'OlerxposoJ 10 tbe chemical:l
greatly' all ..... lhe dToxl.S. With h<rbicides. StOli,,, ';!y doc,..,."", ,,'jIb plan!
maturity"" t hal very linle respon .. i. apparent in lhe reprodocti,,, ,\.age(Ab<:Ij.
1%4). Gametocid .. a re applied al a "ery shorl period in lhe lifc c)'C1e10 Induce
pollen steri llly. E",n wilh lhi' very b""f period " hicb. in ",me sp«;ies. covers no
more than a fe'" da)'S. remarkable differences in the effceti"encss of lhe chem.,al
wcre noted (Ham",. 1977; Joh\l$On and Brown. 1978: Theurer. 1979)_Also.
morc Ihan one stage of lhe hfe c)'C1cca n be affected by l!>e$amc c!>emical
pollutant Ozone is a gaseous c!>emica! pollulant relca>e<ldirectl}' into lhe
biosphere as a result ofinduslrial acti>'ity. In 10baccO.ozone is known 10prod"""
we.l!>er fled on lhe lca'"eS (Dean. 1972) and also decreases in <;/'0 pollen
germln alion and tube grow th (fro .. . 1968. 1978).

The effco of en'ironmental foroes 00 hom lbe plant species and cbemical also
influences lbe sensitIvity of ,he sp«;;cs and tho:ph}1oact" 'ity of II><cbcmica-I
Plant growth. developme nt and reprod uclion are 'nllueneed by many en·
"ironmenlal f""lors (temperature. wind. inlen.il) and speclrum of light. minera l
nutrilion. soil moi>lure. planl compc1ilion. SOIlm"'roblal popula tIons} which
markedly influence the plan, rt'SpoI\SC'0 cho:micals (Aberg and Steel o. 1976.
Muzi\;. 1976). TI><stnxtu re and ph},toactivi'y of chemical. arc kno"'ll to be
altered by '-arious physical (air. "li!. m"''' ure . light. heat). chemica-l (reaction.
with other chemicals). and biological (planlS. animals. m.,robcs) f"",cs in the
environmen t (C r""by . 1976. 1977: Ha rt ley. 1976: Kaufman and Kea rney. 1976:
Creml)"n. 1978), A furtl><r<:<>mpbcalingaspect of this chemical en,-irooment
inlCraction is lIlal some l no"'lI chemical polluta n15interacr ",-ilh Ihe en,-iron_
men, to sue-ha manner tbat ao ind irect effecl on p1ann results ,Th is ind irect elfect
isnOl associated "" th the S1rucrureofl he chemical pollulanl~. u and cannOl be
delecled by e..posing tl><plant to lhe chemical pollulanl dtrcoly. f or examplc.
chlorolluorocarbon. "'hicb arc used as aeroso l propellants and refrigeranlS
catalytically reduc<:the <>Zone layer high abo "e t1~earth "hic h. In tum. allow. an
increase in ultraviolel radialion in lhe B ra niC (UVB ,. 280-320 nm) 10reach tbe
bi""phere (Cicerone ., oJ..1974: CUlchi•. 1974: Hammond and Maugh. 1974)_
UVD i.l nown to prod uce mult iple biological effectSinclud ing lhe reduction of
phOlOS}lItbet i<:aclj>'ily and efficiency (Cald well. 1971). inductI on of , ,,w i<:
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alleut;"ns (Stadle r and Uber. 1942; Swan",n a nd Stadler. 1955), an increase on
lilt incidence of human Ilkin cancer (Cmchis . 1974). a Dda sha rp decrease in in
.;1'0 pollen tube iJowth in maitt (Pfahler. 1981). Another possible indir..:t effcct
of chemicals in,o h'es those species wllicb. by occessity. mu, t be pollinated by
insect. or birds (Ra' ..,n. 1979). The reduction or e~rrUnation of these animal
,pecies by chemical. would alter repnxl UC1ion on.be vulnerable plant 'pecles.

In swnmary, the ,esponse of a plant $p<lCiesto a chemical is oondit'oned by at
least he major components:

( I) a species compo nent;
(2) a ll"net;c;component ,",'ithin tht species;
(3) a stage of life compo nent;
(4) a chemical component; and
(5) an en,,;ronmental component infiuencinll both the plant .pecies and the

chemICal.

The large number of interaction. possible aD>Onlithesecomponen t. containing
'" many variables ind;c;ates the !!Cope and cornpl.,,;ty of the problem in
dcvelopmg adequate testing methods.

!
~-.-
~OCJ ,.-,

Fieur< I T ile It"¥' m tbeJifH )elcofa
rcp ..... ntoll.... hi","" plant
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3 T ESTS
''''

An examination of the test> .. "ilable indicated that Ihree distinct stages of the
hfe cycle ....ere """, ....U}. in' ·ol,.".j These Ihr« stages (Figure 1) in the hfe cycle
of a representa ti,'e higher pla nt are as follow. ,

(I ) stage 1 (seed gcrmu-.atJon to the rcproducti\'e phase ) ;
(2) stage 2 (sp<lrogenesil). and
(3) state 3 (mature gametes 10 malure seeds).

l1Ic pnncip;ol featu res. chaNelenllic •• and limilations of lhe lests for each of
lhese stages ""ill be discu sS«!.

3.1 Slag" 1

Ma n)' indm dua l rep<lr\$are a"ailable regarding the effecl of '"nollS chenucals
on different a'pects ofnumcro u, planl species (Parr a nd Norman . 1965: Ste",,,rd
and Krikorian. 1971). Ho ",,,vcr. few tCSII'pe<JfJcall)' designed 10 determin e the
effectof a large number of chem'cals on a broad spectrum 0( higher plant species
in stage 1ha "e been d" " lopcd . One exceplion is the in "j""Itanda rdued tests to
""reen chemical. for polential agricult ura l use and which in,'OI\'e a broad range
of.pecie$ exposed to highly pun&<! chemicals of kno"'l1 slructure applied al
controlled concentrations (Linser . 1964: Saggers. 1976) . Sin,," these in "i""
standardized tesls represen t a model approa ching that requ ited for lests at ot her
stages. a mOfedetailed descriplion 0( these lestS will be presented to)indicalelM
faclOrs and consid erations in,-ol,-ed in their d".lopment and application .

3,I 1 In Vii"" res"
In '-;Iro tests in,.ol,.. 1M use of isolated enzyme SySICTIlSOT mgandles , single cell
cultules 0)' sclected plant tiss,,", '" hich can technicall)' be deri,.ed from an)' stage
oftbe life cycle but are usually isolated from stage 1($a ggers. 1976). TI>esetests
are of particular value "' hen a qua ntitat i'" measurc of a specifJc response is
required such as inhibition of gro"'th. ph(Jl(JSynth.&is. or ,.sp irat ion. ThO)' arc
also allracti,,, "'here 'pace and th. quantity of the comp<lund are se' -erely
limIted, ....h.n speed is imp<lrtanl. "'ben a large number of spec... are to be
analysed. and .. here Stricl en,ironm.ntal contrO)ls are ~ry. l1Ic majO)I
di.ad""ntag e is that lillle is kno....n about the relation,hip bet"' .. n specifJcin ,'il'"
and in "iT<Jplant .y"ems and . as a result. the pr<J;e.,lionof in Ti'''' test> to)in "iro
wbole plant ... pon ... is unreliab le aoo . in some ca.... ''' ry mISleadIng

3,1.2 In Vi'"OTu ts

C(,,"r<JlI~d ~n,'iFonmen' <OJJdirio",A series of related standardized lests
inyohing seedling i'O", 'n in soil under riPdI}' controlled .n,ironmental con·
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dillon . (con5la nl 20 C ,.-ilh 14hoon' day lenglh and 8000 lux light imcn.il )")are

a"a;labk which are designed primarily to rt<:ognil;cthe many ph,1oacti'e effeclS
of a large number of cbemicals for polential agri<:ullural u... (SaSF'" 1976).

The gro ""lh r.gula tor lesl assesses lhe reaclion of on. species, French bean'
(PiItJMoIus'wlgaris L. "", Ca nadian Wonder), 14days an.r planting. Th is fpecies
IS partIcularly .. nsillve 10 chemicals wh"'h mfluence ,be growlh of in'ernodal
lissue. afTectdom ina""'" of the apica l meristem and desi«a'. foliage.

The posl..,mer g.ncc ,est invol,es a sampling of species rqlmiell1ing major
l.uOMm ic group' and life forms. To Illus'''''. ,he range of species .. lected one
group in use i' a, folio",.. :

( I) !"<as(Pu"",soli, 'wm l. c y , O nward);
(2) .. hit. m..'tard (Sinop.is alb<.L ) ;
( 3) linseed (LiJlwm IISltalu. lItlwm l ) ,
(4) ,ugarbeel (Bna .'lI1go,ls L. cv, Shar!"<·. Klein EJ;
(S) Iycgra .. (LoIiJlltl pere m'" L ev. WestCl"'olthe ). aTl<l
(6) 0815 (A".."., JOt/va"" Con dor ),

This gro up include$ four d>co'yiedons and 1"' 0 monOCOlyledons "'"h unpr '"
rectedaTl<lprole<:led m..... lnns . respec,i".ly. It also indud ... lX'll<wilh a wu,
leaf surfaco wh..,h is dlfficuh 10 weI mabng Ih,S Species rdah, .. I" res,stanl 10

many chemica ls. In conll 'a... mustard is ea,y ' 10 ",-.1. sen,il ive to a ",'lde range of
chemICals and .. a r.p ..... nlall >'. of the famll) . Crl>Cif.,....,."'hich conUlln. man y
species. l inset<lbas Ihe capacity 10 ""Pow rap idly from lhe leaf uil s if damaged
by a Mn--$,Sle-m", chemical, SugarbeelS are a relali>'ely .. n.. """ 'pec1CS

belonwng to the family. Chenopod iaceae .. hi<:11also conlains many spec"" .
None of lhese species muSt he ind ud«l and. could be replae<:dprov'odedthaI lhe
range ofl axonomic a nd biological '1uahties n=sa, y 10 assa)' some aspecl of lhe
phyloacliv ily' of chemical. was maintaint<!, Fourteen day's after planting ,.-hen
the firSl bf is fully upand«l. ,be pu.nts ftom each species is e' pos<:d 10 the
candida te chemica l at a ~nown concen trati on. Twent y-fout hou .. after lreat ­
ment. lhe planlS are e",mined fot any rapld reaclion 10 \110ehemicak ,S,, -endays
later, a complete assessment is made , Each .pec ies is scored on a sc. leof 0 to 100
",'it ll O_no .ffecl and 100_ complet. ~ ~l. An eslima te i' . lso mad. on
'l Ull hta Ii ve aspects of Ibe ""aC\lon,The na lure 0 f lhe Q l1lIh\-'l live respon s<:wiIh the
SUSPC<;ledprimary sile of aclion ;n pa renl!l(ses is as follows :

(I) 5<:oo:h or desi.xant etT""lSfollo "'ing loss of ,urgo< (in,erference wi'h
membra ne inte grily).

(2) growth inhibilion (U!"" I of ",,11division Of elongal ion) ;
(3) nectosi' or a .10 "" discolora'ion and d.ath of lhe Iin ue (dis", p' ;o n of

metabolic pr<>eeS5<S);
(4) bormonc efT""t' or gro""h dislortion (d istutbance of endogcnQU' IIormone

""lance);
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(5) chanl!<'in pigmenullion such aschloro<;s(bloc kal!<'or chlomph)'ll s)'I'l'hcsis)
or anthocyanin p<oduclion (sugar """umulatlon follo"';ng a blockage of
lranspoll 0' respiral ion):

(6) leaf (abscission).
(7) VO"'lh slimu lalion (iocreaK in axilla!)' bud de,-eloprnenl nr tillering):
(g) cUlicular abnormalilies (mod ificalion of wu formauon I: and
(9) r(>Ol,nh,bilion or dcformilies

One or a comb;nalion of lhese re,ponses sho", ph)'l",,"cli,-il)' of II><chemical.
exh,bllw by all commercial herb;cides,

The pre~merl!<'ncc t"l$ i",o""oS 'h<-sc spec .... ",ilh lhe e'ceplion lhal
sugarb«ts arc replaced by maize (Z,a ""'}'" l. ), a species which broade ns the
monoc01yledon nln ge and is particularly resista01lo cena in groups of chemic. ls
applied in lhis mann..... In lhi' tesl. lhe candidale chemOClllsa", mixed ""ilh lhe
soil !>efo", planling. The .. me lime ",hodu'" and 1}'j>C$of OMC1"Val;onsa",
followed as in lhe post-<:m....gence lest

G,.unM_ ~""dilitm.$ In th<-sclest', the .lfeels of chemicals o"cr a IongtT
period in lhe hf. eycle of lhe sptCits are . xammed bolh in a qualitali'" and
quanli,ah,,,, manner . Planl$ a", gro"''I'l;n <oil undC1"lessrilidly conlrolled bUI
more no rmal cnvironm.",al cond itions than in ,be controlled en'ironrnen tlests.
Umalty. only a sma ll perttnlagc of the chemicals screened in ,he conlro lled
en,ironmentlesls sho"'- an) ph)loacti,it)' and are e.. mined further. Therefore.
greenhouse ,ests mvol,,, ",recoing f."' ·.... chemicals and more species can be
included. For bre' ;t)'. a liSling of the species will nol b< p= nted since onl)' the
number of species wilhin the groups g"" n in ,he controlled en'i ronment tests is
i""r .. sed and an approprial. liSling al<o appears in Sawrs (1976).

The gro"'lh regulalor ICSIis dIfficult 10 exl.nd to Olber ,pecies ifact i"i') ' of a
chemical in lhis are. is detec'ed, Thi. is becaU1Cthese chemicals modif) the
d. lic.le balance of endogenou, hormo ne sYS'.ms and the use of species other
lhan ,he French bean requires . , posu re or the 'pecies al'he co'T'c'c1d""dopment
Slage und.r ac,ual growing con'htion$. Emp irical tesling using species of special
Int..... t " necesu!)' .

The po$'-emer ge"" . ,es" under ilreenhou .. condi,;on, .~ id. nti", l 10 the
con,rolled ~nV"O/1menl ICSI.

For ,he pre<me rgcnce test. two me, hod, of soil'reatment a", employed. a soil
incorpora"on I",alment Similar 10 ,be con,rolled e",ironme", les' and a soil
surface I"'atrnenl by o' -.rhead .pray. These '''''0 me,hod, can produce marked l)
dill"",n t responses drpe nding on such facto'" as '·ola'ili ty. soil mobi lil)'.
absorption ofthe chemical. a nd site of uptake by the plan\. i.e. roOl or hypocot)'l.
As in ,he.ontrolled .n, ·ironment ,est. the .pec;" are the $<InICand the asse$$!t1tnt
of plan t response is ta k.n during the $<Imeperiod. In addlllon . more detailed da'a
t':ln be collected laler in rbe Iif~ cycle.
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Fit'ld InlS Chtmicals >;!entifit<:!a<phj'toa<'i\ 'e In the conlrolled en,';ronmonl
and grecnhou~ tt$l$ mUSl be " 'alualt<:!;n field te!ils. These are essemial 10
delermine the influenceof light. lempera ,ure. ",infall. soil type. and grO"''1h,ta~
on lite linal expression of lhe ph)'1oacl;>;t)',No Siand.ardiu>dgroup of species or
e,mronmonlS is sU"""It<:! bul lISuaU)'the number of species. chemicals. or
<t\Vtronmonts that ean he ind udt<:!i' comparallwly small. NOlonly are field lens
es<ential for lite examination of lhe effeets of chemicals on stage 1, bul they also
can he designt<:!so that ''aluable informa'ion abon ' ,he effee.. of chenu<:alson
laler slages il obtaint<:!.

3,Z 5'. ll" 2

Our preoenl ~no"iedge of sporogeneois was deri~ from a few specoes
particularly adapted 10 'hese types of studies (Ta)'lor. 1967). These 'ludies
sugge\! lha t no b>.sICd iffere""es helwoen megasporo genesis (Slage lA. Figtlre
I) and micr<)Sporogenesi, (stage 2B. Figure 1) exill in higher planls.
Ho"'""er, the ease of del«ling any d"",ptlon In lhese two pa",11e1pr"",esses
dilTefl markt<:!ly. An) disruptIon in megasporogenesis would be .. pressed as an
in, 'iable egg which is embedded ;n maternal tissue. Th is phenomena can be
analysed only mletoscopially and " 'ith greal difficulty, A similar <lis",ption in
microsporogenesis can be analysed <iuite readil)' b) a simple examination of the
end producl of microsporo genesis. pollen lIa, n. which are easily obtained in
large quam il"'. A, a result. most of lhe bmited information aboul chemical
effeelS is associaled wilh microsporoge ..... is,

1'0 'IiOndardizedICIlSas ou,lined for Stage I ha' e beendeveloped for Sta~ 2.
The few lem a\1ilJlableare q uile Hmitt<:!as 10 the numher of species, chemicals,
and en"ronmenlsampled . The in r;.() lesls for S1a~ 2 gene",Uy are condUCIed
under lhe less conlrolled greenbouse or field conditions l i""e growinll mOSl
species 10 SialIC2 und.. c()n,rolled en"ironment condiliollS i. difficult

3.2.1 In Vi,'o Tnt<

Tissue culture lechniques in"ol';nll pollen grains. microsporoe)les. or anlbers
ha"e beende,,,loped for a 'mall bul itO"';ng number of sptties (Nill<Ohand
NilSCh. 1%9 ), In addilion 10 the species limilalion. lhese lechniques require a
highl)'delined exolic medium and a rigidl) comrolled environment. The resulling
lissues also conlain exlens"" and unprt<lIClable ehromosome irrellUlarilies.
Considenn ll lhese se"ere limitallons. "Slue cul'ure technIques do nOI appea r
adapta ble 10 a larllt scale screenmll prollramme al the presenttllne or for lhal
maller. in the near fUIU""

3.2.2. In Vj..., T~Jlj

The desire to d>emic"lly induee male S,erihly 10 produce hybrid, in a hm,led
number of a"",ullu",1 specoeshas $lim ~la.led ,he empineallesling of a number
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of chemicals for rheir .ffects on micTO$porogontSlS(N.1son aDd Rossman. 1958;
Kaul and Smih, 1%7 ; Hann a. 1977, Johnson and Brown. 1978; Th.urer, 1979),
Th"'" lesl. invo lve hiihly pur i60d chemicab of kDO"ll slruclu r. aDd con ·
""nlralions applied 10 plants al "anollJ "ages of mlCtoSporogontSlS &,o"'ing
und.r grttnhou .. or fi.ld condirion., The .ffeclSar. ao.sossedeilher hy.xanuning
lho numbor and cond nion of lh. pollon grains or cou nling lhe num bor of seeds
prodoxod , The resullSba~ on seod number are ob';ou.I}' confoundod " 'ilh rhe
chem ical effeclS on nlCga>poroge"";S prod oxing egg abortion a Dd on th<
sporoph)le v.'hich may redox. lhe pol.ntial of eeplanl 10produc. normal seed
numhers . In gene....L lhe .po:;.... stage of microspo rog. n. '" a nd environm.nt
are maJOr influt-nC,ngfaclors, The d...dopmenl of .randardized r.". in rhi. area
" 'ouk! roquir. a large number of diver... """"ies and more basic informahon
abo ul the inle raclio ns Invor-,ng lh. chemicals . •porog.nesi, and .n,ironment

3.3 Slage 3

Slag. 3 contains a number of sequenlial processes ""hose dlSruplion can ... ".rely
a/feel roprOOOXlion. The pollon IIrain ha' a much more acri, .. and de mand ing
rolo m stage 3rhan 1'". gg and has a sP<'Cialiud slruclure aDd uniqu e properties
10fulfillhis role, The pollen grain i. mdependenl ofille sporoph}'ICon which ir "
proouced for a period of ilSlif. c}<'le.rhe "'ng rh of which '''rieswilh species . The
pollon grain must be tr>msportod to a rec<pllv, srigma b)' gravity. wind, insec!Oor
birds aDd must rerain gorminablhtyduring lhis t"'nsport periDd (Lns ken•. 1964.
1%7: Sranley and Lin.... ru. 1974; Raven. 1979),Aft .. anachmenllo a "",cpri' ..
•Iigma. rhe grain musl compet. ""ilho llt<r gra ins in germ inalion and lUbe gro "lh
lh,ough lit< 51yle 10 affecl f<rtihzarion (Mulcahy. n 01.. 1975). In ... 1f­
incompatible species. certain pollen grairu cannot: CQmptle or panicipaIC in
fertilization b<cau.. of gollCtic f"",ol'S (Townsccnd. 1911: u n... . ns. 1974:
Muleahy and Joh nson . 1978), During al1ll>ese processe ' as socialed with tit<
pollen gram. lho eu remains surrou nded and nouri$hed by rlt< sporoph)'l"
pas .. , .. ly awairing lit<arri',,1 oflho pollen lult<. Aft.r fenilization, tit< procns of
seed developmenr IS also prolCCtod and nouri.1Ied by lhe f.male . poroph)".
Mos' re<ta rch in srago 3 has been de- 'ored 10 tit< pollen grain during its
iDdependonrtranspon phase . ir$artachment and germination on lit< stigma. and
irs lube i"",,·th rhrou gh lho sr}'1ein competilion wirh other pollen grairu. Very
limitod informarion IS available regard ing Ihe acli,ilY of tho egg during Ibis
period orseod de-'elopmonl afterfen llir.atlon, Howe,.. , . add itio nal knowledgeof
'IUI malurarion, embryoiCnes" . and sted d" ,.. lopmtnr is crilical sinc" any
di,ruplion of rh<-1CP'OC'tssesehminaltS an indi"idual from lit< 1IC>l generarion
wherea' a percenlage red""tion In pollen number or funclion does nol u,uaUy
reduce lho numbe r of pro leny.

No 'tandardized 1C5tsas oudined in .rage I, are a ,-.ilable for stago 3, Tit<
limiled number of procedures rhar ha,·. boon d., .. loped in"ol~ only a f....,
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,pec;e1. clJ<:micalsand env;",n"",nts, Tho in "il'() t.m for stage 3 are gen. rally
conducted in ess en"ironm~ tallycontrolkd grttrlbouse or fieldootiditionssi 001:

gro",ing most specie5 10 this advanced .. age under rigidly conlrolled en'iron ­
menlS is proctically drllicult.

3.3.1 I~ Vilro Tests

Many i~ 'ilro pollen germination a nd tube lenglh "udi.,. in,'OI'ing a bmited
number of sp«;ics ha, '. been coooUCIed(Stanley and linskcns. t974), Som. of
lhese .. ud;.,.. especially tl>ose ;m"h'ing com""'rcial .pecies. have included
chemicals a Dd or condilions ,,'hich are not .... mial for pollen germinalion and
tuhe I"'Wlb aDd could be cla.. ilied as pol.ntial ph)loactive pollutant.<(Feder.
1968: Gentile n IU.. 1971. 1973. 1978; Shivanna . 1972; Churcb aDd Wilhams.
1917; Pfahler n <J!.,1980. 1981. Pfabler. 1981). T,,'O major difficulties are
encount.red wben in "il'" pollen lI"nninalion t"'lS are oon,iden<,l to Klttn the
effect of possible pb)1oactive cloemicalsor conditiollS on a wid. rang. of species.
Fi .. t. the number and di' ·... ity of species tbat can be te1.ed may be limited.
Among almost 2000 species of angiooperms studied. aboul 30"~ shed their pollen
m the trinucleate condillon and 70\ in the binucleat. condition (Br.wbaker.
1961). Trinucleat. pollen graIn, as a group are ,-erydifficult to gennlnatc: in "ill'()
a nd th\l$ these .pecirs a,.., nol ".. IIadap",," to.hese 'ypes of $Iudies. S<:c<>nd.tlJ<:
pollen tube Iengtb oblained in ,'ill'() rarely equals and. in mo" cases... much less
than. tbal necessary to .If'''t f.r1i~zation in ";"0 . From thi. observation. tbe
question ariscll ,,'helher in ,'jl'O result. accural.ly reflect the in vi"" procns
(Stanley and Linsk.lIS. 1974).

[n recenl )...... t .. Hube f.rtilization and plac~tal pollinalion proc:edu,"
ha, .. beenrefined to include more speciocsand to 'lOp", ... seedSol(Maheshl" lIri
aDd Kania . 1964; Zenllt.ler. 1967; BaJatko'lI and Tupy. 1%<1.1972: BaJatkova
II al .. 1976. 1917). [nitially. the major Ihrust in the d..... lopment of these
proc:eduCO$was to ove""O,,", ",If.incompat;bility and intc",pecilic cr.... ing
barriers by alt.ring lbe critical pollen grain ..,;tigma-style relationship in lbe
f.r1il;"ation prOC:O$$. How.,otr . thcs< proc:esses.especially lesl·tube f.r1ilization.
could be roadily adapted to studying lbe .ff"'t. or clJ<:micalpollulants .The major
advantage of thIS approach,s lhal undn hIghly c""lrolled en";ron"",ntal
conditions. the wbole process from pol~nal;on through s«<I d..... lopmenl could
be closely monitored and anal}SCdal any Stage. The: major disad,-antages are
that, al tbe presenlli"",. the$cproc<:duCO$ha,'c bcon d..... loped for only a limiltd
number and range of ,pecies aDdthe:relatiollShlp bet"""n in vi"o result, and the
in .i .... prOCCOllCliha' !lOtbcon definit.ly established .

3.3.2 In Vi .... TI m

fn "i'o lestS ha, .. httn cond ....'ed In a hmited number of $!X";e, (Kicssclbach.
1949; Walden, 1%7; Pfahler and Linsk.ns. 1972; Pfahler. 1974; Went. 1974;
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Mulcahy, ~I ~I. . 1915. s",h"artz ..nd O'torman. 1976: C...... nd Pcle)" . 1979:
Kroh ~I ~I.. 1979). T he maIO thrustS of t""se stu<!;es"-ere to .xamine the pro<ess
in gener..1onhe dfocu of c~rt"ln factors on pollen "i..bilil). germination OTlllbe
gro"lh compelition through the 51yle, A I..rge number of l""se sludies used tbe
number. g.ne tic const itution. or morphology of tbe resulhng ma ture seed' as a
me"sure of the effOCI. Up to 'hil Urn• . few ..ttempts to . ... mine tbe .ffocl> of
factors atany.l<lge be' '' .. n pollination and malure seed proo""tion .....re mad •.
although . as in rest-rubeferti!mllon ..nd placentlO!pollinations, \he$c .xa",,·
nations are possible. The major ad\,aol<lgeof lhis procedure IS thai the complet.
in ,'i,'o pro<:e'll from pollinati"" through d d. , ..lopm.n t cao be closely
monitored and analysed at any"age. Ho....." ,be numberof speciesadapted to
lhis t}l'" of study is limited and tbe .n, ·ironmental cond itIO"" und...... hich tbey
are VO"n cannot be ngidl}' controlled.

4 AN AL\ 'SI S A;'\ O R£ co :.nl £ ....OAT IO ;'\S

This repo rt has cloarly shown that tbed., .. lopment of accurate. predicti'''I'''' i'
CQmpbcatedby the extent of dr..."'t)' in higher plants and the multiple effects of
cbem"'als a, all stages of plant gr""th, dilfe...nliation. and reprool>C:1ion.in
addition to tbe env"onm.ntal inftuence on ool h the plant and the chemical. With
thiS d.gree of com plexity, the de,.. lopmen, of standardized multi .t.. rt:d assays
WhICh are regularly employed to prt:dict tbe mutagenICity and potential
car<:inogenicity of chemical compounds in humans is nOl feasible (Epler n Q/• •

1978: Hearth , 1978), These rapid a$Slly'Sa re based on the appa rently correct
assump'ion lhat anycbem ical "hich ill ind"". mutations and or chromosoma l
damage in certain microbes ..nd mice ill ..1soinduce similar elfocts in humans.
In higher plants. the possible .lfects of chemical pollutants include not only
mUllltions and chromosomal w,mage. but also a "id. amty of morpholop:al
and ph}$Iological alt.rations ....hich are inOuenced by .n ,ironmental, species.
and ll"nelic faclors and can ultimat.lyc hange reprooLlC1i"ecapacily. Therefore.
lests 10 prt:dict tbe elf""" of chemical po llutan" On tbe re-prool>C:tion of higller
plant..<must, by n«<Solity.involve the actual testing of higher pia", .pecies rather
than Io"'.r orpnisms .

Ob,-iously. aU species of higher plants cannOl be lested individually so. to
obtain maximum prt:dkt abllity. a ru.ngeof species representi ng majo r ta xonomic
group! muSt he ~lecled. The ~lc:ction cannot be based solely on ta xonomic
group but must also oonsider soch practical a,pects a, the a'"ilability of seeds or
planl mat.rial fnr propagation. length of lift cycle. reliability of seed germi­
na'ion, uniformilY of gro"'th pallems. and at lea" some insillht as to the .xten,
of genetic beteroll<netly "lthin tbe .pecies (Saggcrs. 1976).Among a ll tbe t<sts
ou tlined in this repDrt for the three " " ges, the standa rdi<e<ltests in stage I
included the widest ranll<of species ~lected specificallyfor predicti....purposes.
How~, because cf'prscucalhmuaticra.tbe sr..ge I tesu do nOlinclude woody
perennials so that any prediction in relation tn this import ..ntllfOUPcan only be:
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cOn$ldettd SpttUlatlW and wou ld rt<Juito furthor tesling "slng speciesof inte"""t
fOT\llli.:tlion of results . Tests in suges 2 and 3,ncludMDIllya ~mitM number of
spttios whi.h ha "elx<:n SOleclo<!either Ix<:auso of «onon .. ; sIgnificance OTtho"
ad ap tab ility for a spttlfic stu dy .

This report indicates lbatl he range of chemicals whic h are presontly kllOwn to
pTOdua: alterations during one or mOR' Slages of the life c)':'1e1$ ex.mncl y Ia,...
In most. if nolall of the studiosc ito<!here . the eff.. " of IIigltly puri fio<!chemic als
of kno""n Slru"uto and oollCCntrat ion Weto examined. The d "'mic al pollut ants
10 be t.. to<! will generally be mi XiUt.. conlaining numerou, chemica lll with
un known , t"",lures and oon<:cnlrations, In pR'liminaTY scm: ning . the ''''\In g of
lhese oom plex miXlu"" is undtnirable bu t probably unavo idable sin"" rapId
micToblal a,says cannot Doused and oomplicated .. paratiOll and iden tification
anal ysC$are impractical (Epler. , o/.. 1978l. If ph;-1oact ivily from In... miXiures
isd elCCtedin t locIniha ! scrttnlng . then Stparation and idcntificati<)<loflbe ""liYC
chemi. a! components 1$ "-",nt .. 1.

En, ·ironment.l clf.. ts are and " 'ill remain a major unrcsolycd pro blem in
mtcrptC ting and cxtrapolati ng teS. results oyer a broad spec tru m of sptties arid
ehemi.alll . T he 1e'",1of environmen tal oonnol in plant tox icity .es. ing ,,,rieswi.h
tbe type of teSt. Enyiro nmenta lCOndl tlOn$for in I';",> a nd conlrolled climate tests
can be man ipula.ed artibUy but project ion of tloc resu lts to plants in thoir
normal habi.at is complicated a"" ordingl)'. The en""o nm ent ass ociated wIth
ficld lests cannot be extensi"'ly ma nipulated; !Iowe'",r , .1><results mOre closo!y
tol\ec t the condilions under which the plantS gro '" in na' u"' .

This repo rt "xliaues that, at tbe prese nl time. lest, ato available IMI could be
used or at least " 'oo ld toptCSOnta starting point in tllo development of specific
stand ard ized methods to meas""" the eff« t of chemical pollu tants On l"O'J'ro­
duction in higher plants . The s.and ard~t:<.! teSlSwhich were developed to " "«n
chemicalll fot polentialagri<ultura l purposes in sta ge I oould be:ad<lpted " i . h
~ule or no change . Most lests in ilages 2 arid 3 ato 1e""",ly restneted as to II><
number of sptties , che mic.1s and en\'irOllments .. mpled. T hese t« hn iques m~"

beexpand ed in tenn. of the num ber and distribu.;on of .pecies that can be tcs.t:<.!
and refined to permit moto rapid a nal)"'is. Thi. expan.ion and refinement ,, 'ill
ttqUlto a majOr commitment of manpo"",r arid J'CSOurces.
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<01911 SCOf'E

M ethods for Assessing Eff ects of Chemicals
on Algal Reproduction

I !i\,RO l>UCTIO,,",

Rql rod uction in lown plan,s . 'nc ludlng algae. is of'on qUt" e<>mplex. ,nvol,.,nga
"'ries of s'ages of ....ry dilf.....n' shape. size .nd function, In many cases lhese
Sial!"".which e<>n"ilul. ,he life c)'Cleof'he plam. h,,,-enOiall 1>o<n~""hficd. and
their sp<Xial re(juiKm<n's arc unknow n.

To illus'ra te the complexi')" of ,he problem. ,he hf. cy<;leof a macrose<>pic.
d,plobion\lc . rf<! alga i~ schematJ<:ally depICted m Figu.. I The" is ample
opponuni')' for chemicals '0,n,erf ... an)", here in 'Ills e<>mplica'edcycle. and i'
III quit. unden'andable ,hat ,oxicolo~~ts ha'""primarily al"'Ssed cffeus in .. rms
of lhe simpler pf'<)C5<of , 'ege'a", '. prolif.",,,on.

Rela'i,-e ly less com plex reprodue"ve s)'stem~ are found a mong lhe micros­
copic ali"". These specio<sare very ,mponllU' ~inco 'he)" supply lhe Iarw:r ponion
of pnmary prod<K1ionin lakes. n"ol'$and <SpeCiall}' in 1heoceans . Howe' ·.....,he

! .. @n"""

Tel"""",
"

FiFln: I S<be~lic pr...... lation oftbe Iif, C)d.
of . macroscopi<.d;plobi<>ntic r<d 01;0<
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complet e life Cl"'1e of manj' microscopic alp.e are .ti ll quite complex .
Reprod uct ion in thf$/: planll C2II"'ma in on the simple '-cgelali vele>-cl for Hry
many generation. before it ,uddenly aDd for no ap pa rm t ",a ,on , wild les a
sexual ,tage . Sin« II><",getative prulirerallon of many microscopic algae is
easil y ma,nlamod in culIure.toxicoJo&ical and Otherstudi .. . includinl biochemi­
cal a nd physio lop:ai in''''t igations . ha .'e concenl ra, «! on lhis phase of algal
reproduction, Curren' and com-cn,ionalto ,icological methods for tl><predicti,-c
assessmenl of ",prodllCli, -c injury '0 algae caused by cl><micals a", thet"Cfo'"
normally restrict ed 10 anal).is of ' -'l\.. . ,i ,-c proliferat ion of ~Ils in cul lu ... .

These metlte<t,~ the mftuen<:t of chemicals on tl><gro wth of alpl
populahon .. a, cha'acterized Ity the chans< in the numher of cells ;n the
popula, ion, per unit time. or by evaluali ni o'he r paramet ers propo rtiona l to
a li al Itiomass. The result' a... interp retod in I.rms of concentrations respo"'"
cun .. and IC SOvalue, and furth .r informat ion on 'ht inftu= of the ch. mica l
agen t on the final ~11 density.

TI><major ,estrequirements are :

(I) tha t desired Ie,.. 1sof the toxicant can he prep.red. main tainod in tl><act;, 'e
form aDd measured durin g the I.. ,;

(2) that the cell proliferation can he followed accurately: an d
(3) ,hat ,I><test organi.ms are not st...ssod un ", aso nab l)' by ,he normal'e"

condilions .

s.-...ral method' ha, .. heen de....loped for lhi ' type Ofloxicological test ing.and
• f.w have heen adopt«! nationally aDd .... n internation ally as 'taDdard algal
toxici' y tests, lbtsc test, """"" to pro vide salisfactory data for tl><rankini of
chemicals a", ord inl\ to their "' tati.... toxicity to 'est species. how. ....r . the" virtue
as a means ofevaluat;n, tl><real lta.zard of chemicals in tlte environment i.....
ob,;ou, . The ratl><r artIficial cond ItIons pre"ai6n, m tltes<:labora tory tests.re
....ry different fro m lhose encountt:r-.<lin ,I><natural envi ronment and do not
,. ........lIy account for II><interference of e1ftcts of multip le toxic agents
intcractinl with .11 tl><natural factora operati ng simu ltaneously in natur a l
hab itats, This f"'" has led to the de....lopme nl of in , ilu 'esl systems. aDd one 'lICit
method u,i ng marine mic:roalgae in cage cultures has been .doptod
mterna tion ally.

These and other current methods will he ",.,e"'od in tl>< follo"' ing pre­
sen'a';oo . The charac teristic features. as " .. IIas II><inadcq uacics of thl: metltods .
" i ll he dis<:ussed, Problem' relatod 10interpr . ta tion ofr esults and application of
test findings '0 tbe evaluation of the .lftct of chemicals in the en,iro nmen, "':ill he
gi... n specia l .nention,

2 Cl! RREl..'T MET HODS

Bioa ssays based on lhe proliferat ion of microscopic alp e a... in roul ine uSCin a
number of counl";" for the test;ni of'o .<ic.ubsl a",,", and fo r thl: ...... ment of



'"cultural ,ulrophica\io~ . II " sufficient .. ,'iew to fi.l chronol(}~all~ tho
d.".lopm<n1 of majOr algal {<sIS' tbe Algal As.say Proced ure Bollk TCStof tbe
Nu ional Eutrop hica tion Resea rch Progr1lm (US Environment al Protection
Agt ncy. 1971); the Marine A\iI"l A.. ay Prottdu rr Bou le Test of the
Eutrophication and Lake Res,oration B,. ""h (US En"ironmental Prottelion
Agtll<'Y, 1974); the Algal Am y Procedure Batch Technique introduced in
Denmark (Gargas and SQ,.:l(rpr d Ped.,..., n . 1974); tbe Dutch Waltr_
Determ;na tion of Toxicily w'lh Alp. propoocd a. a naodaro lest in 1979 (NEN
6506. 1979) ; and the T<st "itlt a Unictllular Alga for Determinin g the Ie 50
Concen tration .ugge, ted for iDClu'i on in the DECO Guiddinc for Testing of
Chemicals in 1980.

All of tbe .. tesu aDd "'"eral other unmentioned procedure in, "oh. oo"'h
techniques and rcp~nl1be com'tnt iona ! algallox"'l y 1<Slingmethods. They
have btxn adopttd as 'tandord pr~~l'e$ nationall y in many cases. and the
EPA Bon le TesllIaDd the OECD pr~ure are also in the prO<:eSSof bt ing
adop ted on an interna tional basis.

CominuOll.culture te<:hniques.in the form of a chemostat 0.- a tUTbidostat .are
"..neslab lished fOT$tudicsohlpl KTowth asa function of nutnenlS aDdpbysi<al
[""ton (light. tempeTature.etc.), but they remain Iargelyunevaluated asmethod.
for lOaicitylesting. Cage OT dialysis culture of microscopocalgae ,«ms to bt the
only technIque which is applicable fOTbioas.saj"Sin SiIU.Thecage method is one of
the f... · te<:bniques available today for pollution monitorio&. and ilS u'" in the
marine environment bas been recommended by .n JOC biol$say panel (Stebbmg
er al.. 1980).

The abo .. methods are all basedon no n-synchroniz«l algal cuhurcs. and the
observed eJfccll are related to the statistical mean of tbe populatioll'l . In
synchronoU$cultu rcs all ec:lls di"ide "; thin a ' ..ry limited time range aDd soo'"
parallel de,.. lopment between the divi. ions. Thi. method i. in current use in
biocl.. mical and ph ysiolope al >ludies aDd bas been successfully applied to
toOO,y l<'<\Ini-

2.J BItch Mttbodli

In the ba lCh tecbnlque "" .. ral identical cul'ures of the test alga are e. posed to
systemat ic di l ~tions of the dw;mocal '0 be tested. The increa'" in ""n number is
followed fOTea<h cul'u .... and the reduction in di'ision rate in relation to an
une .po sed culture (control or blank) is reganled as a meaSure of'he to,ic ity. It is
necessary to insu... that neither nutnents nor bght become limillng during the
test. and that ,he ,0 La)pr~u ... is rigidly . tandanl ized to provide reproducible
results, A<xuracyco~nding to ± 20'\ can then be obtamed .

The tes' is applicable to all compounds ,ha t do not interfere directly "'itb the
counting of algal cells aDd do nOicolour the solu' ion at tcst conccntratioll'l .

A fairly large number ofmic"""op;,; test algae. both f .... h" .. t.,. aDd marine
spo6es. aro a, .. ilable from a lgal cuhuro collections. Only a few. how""or. a... f=
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,
FiJur< 2 hP«1<d
"<l ..i'h.!pc

5 da""

of a ''''''''''y

fmm OOcl<ri,,1conlamlnatlon (axcn,c). A~""", cultum arc h,ghl~ rooommcndcd
for toxkologicaltcotini,

In priocip" tl><algal populallon is(:.'CPl:''ted10 growc~pon""t,ally afle.-a short
Iai phase and to go gradually into a stationary Sla'c. Sc"eralleehniquco ha,..,
~n u$<:dto de'cnn"", tl><vowth rate, Counlini ""u.uDde.-II><m",ro<copc ,n a
.pecial chamber .. the mo.l dirool melhod. Electron;c particle countini ..
con>'enienland rapid. but ;1re<juire.oingic""u.and does not /nOh'" algal chains
or ag:rcpl<$. less d"ttt paramerers, such a. turbidity. light absorption or itt
"j •." lIu=""" of lhe culture may be u>ed to esumate irowth "'te in highly
.tandardized procedurtS .

When ""II density (number of ""Il< per ml of culture) is ploned on a .. mi·
logamhmic <eal. ,mu, tim•. a iraph of the I)pe depicted in Figure 2 i.
expected. The cu!"\-'esI. 2. 3 and 4 represent the control and tesI cultu"" ree.. ,ing
iner.a.,n& co"""ntrations of the toxicant .

The irowth ral<$of tl><cultures art calculated from ,he observat,ons. and in a
new iraph lhe redUClionin &rowlhrate r. Jati,..,to 'hecon'rol i. plotted >ersu' the
l"iarithm of the:concemration of the: toxicam . The: concentration estimating
SO"-oinhibition of iro""h ( Ie SO)is read fmm the gr~ph. togethe:f"'it h the:highest
hel demonS\"'tin i no-obserwd-dfeet

Any 01><"f the: f"lk>w,ni detailed descripti"ns "f this procedure t< full)
acceptable: the:EPA Bonle TeslS.lhe Of CD Test "'itlt Unicellular AIll". or the
Alpl A.... y Procedure u$<:d ,n Denma rk.

2.2 C""ti_ CulNr ..

There are two types of con,inuous cultures . tl><cl><mostatandtl><turbidostaL In
lhe:f"rmer the:gr.....'th rale is the independen, '"riab". while in tl><lauer the:",,11
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densilY is ,,.ri«\independenlly_ Bolh ' )"Slemsare supposed 10 ope"'te at ,tead y
'laIc,

The chemOSla1 hold, the algal cullure in a reaclor ,,'hich receives a COll'llanl
now of the nutnenl solulion . This now dis pla«s an idenlical volume of lhe
cuhure _The growth rate of the culture i' therefore idenlical '0 lhe flow "'Ie"hen
a ,teady .tate (cooSlant cell dell!lily) is reacbed. Enthe 'unlldostat the cell den.il y
i' predcterm med and regulates the dilution rale. For both t).,.. of contmunu'
cullum. the "c adY·'late . ,net,c, of v owth i' ' imilar and the throry ",<II
dc,~lopcd. Addi lion of chemICals which reduce lhe V\}\\-'thnile wiil lead to a
Io"..-rcd.teady .. tate cell dcnsit)' (or Washout) In the chemona .. and to a reduced
diluti<m rate in lhe 'url»dOStlL BOlh S)"SI.-m, are "idely used in biochemical
'tu dies of nutrienl reqUll-CTm1\1$and in studies of the depend....... "f light and
l""'peral ure, They ha,-c nOl bttn &e1Ierally applied t" studies of the influenc-cof
toxic 'UbstaDCCSon Ihe prolifcrati"n of algal cell._The) do represcnt. howe, 'er,
'~ry promi. ing potenti alIOXicil)' testing procedures. esj)CCially"oc-c they olfer
constant tesling condition. in reprd to nutrient concenlralio n. light b-cl. cdl
denSlty. toxican t 1t:~1$ and concentr alio n of melabolic by.produ clS. In tbesc
rcsp«1S con" nuou, culture melhod. are ' uperior to the balCh method .

A re,'!'CWof lhe currenl and future uli ~ly of conhnuou, alpl cultu ... in
ccolopcal research has rtt<;nlly bttn pubhshed b) Rbtt (1980).

Z.3 CalC Cal lurcs

In the ""ge culture the t"l alga is&rown in a cage whi<h i. open 10lhe mo,."",nt
of ligbt. nutrie nt. a nd most chemical' but not 10 the cells themscl' ·... The ""lie
Wilhthe cult ure can be placed In a ta n. in the labo ralor}' Ihrougb ,,-hieb lhe t.. l
medium is Oowing.or it may beopera ted;" <i'u. i,e.. immet«<! in lhe la.e. ri"er or
.. a" .. ter, En the laboralor y. control cultures a re run in tan .s with the conlrol
medium. and the test cu llu... are maintained in tesl tanh supplied ,,-ilh selected
cooc-cntrat ion. of the toxican t dissolved in the medium. In silu cultures are
preferably opera ted in ",ri .. of decreasing pollutan t concentr at ion" including a
conlrol culture in a non·polluted or practically non-polluted habitat . In bolh
') "Stem, cell prohferalion is follo"-eoj by cell counting or " 'ilh an altemali ,.
teehniq"" as pre.iousl}' described,

Beside' being the onl)' h own wa)' to operate a test cu lture in lhe Mlural
en'ironment . cage methods ensure, througb the frequent or con tinuous rcpla«.
meol of euemol medium. constanl exlemal conditions and a stable Ir,..l oflhe
to "",aollhrou ghoutlltc lesl . The cage culture method i. de«ribed in dewil by
Eide ., al. (1979). and is recommended by a 1I,0assay Pa o<l of loe for In situ
monitoring of pollution effects in ,he mario<en"ironmenl (Stebbing rt ul.. 1980)_

2.4 S) ,.. bronn", C. !tur.,;

Under . poemc con dil;on , aU~11s of an algal cultu re may be forced 10 develop
simultanro llSly. i,e.. a t a certain lime all.., lls d" 'ide_Thr:daughlc r cells wililhen
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grow in $iu for a fiX«! period , p'<p.iO~ for division and divide again in a
$)TIChronaed pattern. Thi~~ynchron"us pattern "fdevelopmen t off... a unique
possibibty for bolh rapid and deta llodstudies of the Inftucrn of cl>:micali on tl>:
lifeC)<:I.and the pro liferation of a lpl cells. Toxic effects of chemica l ag<cn t~ ca n
be detec led and quamified rapidly (within bou.. ) by means or syochronlled
cultures b«ause the stepS In the bfe c)'CJecan be .harvly defined in such cullurel.
h is al:sopossible to mea.ure the elfect of the toxicanl on specili<:p!'OCt:SSCS. such
as the ')"!llllesis or D NA. RNA. prolein, (including specili<:enzymes). and
carbohydrateS . ThIS melhod has recently been adopt~ by Norwegian autbo­
ril ... . Presently all dispersanl' 10be used in oil spilldcan .up require tesun g based
on lynchronOll' culturel of the green alga. C/ti<Jm)'d,m,olttlJ rf'inltard' lti. in
addit ion 10 the brn"-n shrimp and bmpet tests . The lesl ,ynchronnus culture
procedure has been described in d. lail by NordlaDd tI al. (1978).

3 MET liO DOLOG ICAL PR 0 8 LEM S

A. long a, the stud ies of lhe elfect of chemica li on algal ~rod""lion arc
reslri<t~ 10the veget.1ltiv.prolif .ration of cell,. lhe risl that cruc ial prob lem. in
the comple . ~rodl>C1i". c)'<1eof alpe " i ll he o"erloo ked al",,)"S rernainJ . It ..
ralher likely that processes olher than lhoe,-eget.1lti'.. division may be more
.. n';ti,·. to chemica l interference.

In add ition to lhis g"" era Iproblem. lhoereare ,pecili<:diffi<:ulties in eslabhshing
and maintain ing Cnn,lant biolo gically activ. doses nf lhoe toxic substanc .
thrOllgboullhoe tests . For instarn.l>eary metals presenl ,pecial problems in alpl
les, sYStem, b«au"lhe orpn;,ms frequently deacli'''te the toxic forms of thoe
metal by e.u ding chelaling substances. Light-senliti"e chemicali allo pro"id e
Jpe<ial difficulties in algal bioaSla)'S. 0;""" bght cannol be e", luded during the
~,

A problem common In all algal les" il inherenl in lhoeneed to determine
increments in biomass nf the growing pnpu latinn. Cen numher is an nb" Oll'
gro""lh parame ter. but a"erage cell 'iz.e frequ. nl ly changes d uring thoede' ·elop.
menl of a culture . Oll>er gro",·tb charact eristics. ,,,,,b ... increm""t in pigmenl
Cont.nt (chlornphylla). ATP.protein. ca ,hon .and in the b ..10of otl>eTchemical
compounds are a ll dependen l on lhe cons tan t choemi<:alcomposi tion of thoecelli
durin g the test. Howe' .. ,. illS .....n documenlod that lhe c hemical co mpo,ilio n or
algal cullures '''Iry ""h . g<c. nulriCnl \c""Is, ~ght condillons and nlhor factor>
that a.. not maintained al con,tant 1e,.. 1i .ither witlun mdividual teo" or
beN ·... n lesting progJ'llmmes.

The cruCIal q ueslion in aJIles! syot""" of llu, Iype i' the rele,,, ,,,,. oflheir
resulll to che mical effects in emi ronm. nral situalions . This is a questinn of how
""en the test nrgani.= represent the nalural pnpulalions and bow rele'''nl the
t.. 1conditions are to the lituations in nalure . Large differences in tolerance to
hea")' metals between algal ,pecies ha... been .. tablisbed. therefore . any lesl
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l' roaramme should ... mine a set of algal test slX"ies rather than a single
populat;on

The ",Ie"""", of lhese test. to effects ander n,uural condillons is difficult I"
e,,,lua te, In sl'ucagecultures are likelylo be more re"vantthan laboratory balch
cullures in thi. reslX"t. The'" is a ntt<! for experimentall.Sl. iJt. iln 10 establish
how well estimates based nn cor>centratinn-response data obtained in the
laboratory predict the effectll found under more natural cOndiliollJ

3.1 Blt eh ,\ liMhodS

The batch methoo is the s>mplestbut probably also the Ieasl predictiv'lechniqu •.
This i' because the test conditions change signIficant during lhe test. Nutrient
I"velsgo from supen.bundantto beklwconcenlration . essential for normal alpl
grc .. lh. The ~ght inten,ity i. considerably reduced ... the culture d", ..lops.
MiMabolic by-produClSbuild up. and the measurable cor«nt ration of the
loxicant "ery oft.n decreases durina tho tesl through "ario ... losses .

The counl.rm .... """,, pro posed to partially alle'iate these interfering faeto,"
are use of dilut. cultures, analysts of only the OJIponenua l growtb phase. and
completion of lhe ten in the shorteSl po<sible tim<:.

Extend«! lag peo005 Ul population response often occur In toxicological
'tudies . la g period>.which tend to be proportion al in length 10the concentration
"f toxic substa nces and which are followed by relatIVely unaffected .xponenlial
gro"..\h of theeullure. stronaJy indical. tha t ",m. ",rt of detoxilkati"n process is
"pera,i nl in the system. Normal dose-response effects on Ihe grnwlh rat. and
lho correspond ing IC 50 ,-alue eannot ho determined undO' such response
conditions. The cause of ,he delayed growth patt.rn musl be id.ntified and
rem<Wedhef" ... useful b10assaydata can heexpected . Despit. its manyprob lems.
,he balChtechnique will presently remain the primary m.thnd f"r rapid sc:rttnlllg
" f the ...laliv. t"xiclty of .hem .... 1s10 alga.

3.2 CODti....... . Culltlres

Continuous cultures of microalga. requ i pumps. electronic d.vices for control
and ""'ordin g. and are considerably mo complicaled to operate than the ball;h
type. Both Ihe chomoSlat and the IUrbidostal need ,,,,·.ral da}'. of gr""' th to
establish steady state hefo... the toxican l can he Introduced , and se' .. ral
instruments ha"" to be ron in pandlel to provide satisfactory control. It "
definitely advisable 10 run balCh .xpef"in>cntsfor Iocah2:nion of the elfecti'"
concentration' of the toxICant prior 10 tests in th. turbidosta t or the chemostat .
The provISion of constant .ondltio n1, indnding defined concenlra tions of the
t" xir;ehemicallbroughoutthe teSt. theref"'" invoh.. lime-consuming operations
and .xpen si.... equipment.

The use "f 'hese techmq u<1..-illprob.ahly be limited to special <ludies of those
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chemical s ",hich can he kept a' con stan t 1e,.. I ;n batch systems only ...·ith JrOat

difficulty or for ....hich natural delo>.ification processes "",,",sital~ frn) uetlt
exchange of lhe balCh ma!ium .

3.3 Cag~ Cultures

Cage cultures a ... not commonly noodfor algal sptClcs. and ~~palel>tt ",ith Ihis
lechnique is lacking in most toxicology Iabora lories . Th is method requires fairly
large "olurnes of the teS' and thc conlro l media in comparison 10 the balch
I""hniqut, and lhett IS a ntt<! for additIonal spaoe and equi pment.

When the cage (ba g) is compooed of ...generated ceUu"",,", toxican ts "'ith hIgh
molecular " ..ight (:> 10,000)can not penelrate to the leSlorganism , The ... is also
a slight loss of light th rough the bag. cspeciall)' toward the cnd oflhe 'est ,,'hen
the cdlu"",," Ie1Id' to become opaque ,

A major problem of iJt . il u tests is the gro,, ·th of bactma and fO"'lgn
microalgae on the outside of the cultu... bag. This gro"'1h reduces the flowof
nUl";"''' and Hghl10 the test cultu ... and may also change the COll(Cll1raUOnof
the toxicanl "'hic h enters the bag.

When the method is appbed in ,he field. a power sou", e to stir the culture IS

requ,red. Problems of Hghl and I~mperatu ... shoc k upon transf",. of the cag«l
algae from the laboratory to the site and during samp~ng of the culturt atlhe si'e
may a lso arne, and il is often difficult '0find suitable unpollu ted sit.. fOT
rtrerenct cu l'u..... In the summer, bacteria in the "'ate, ...ill normally brta k down
lhe odlu"",," bags within 6--10 days; thus, at that lime the test has to he
interrupted. Othe r problems encountered are relaled 10 the high cell dens ity
dC'.. loped to" 'ard the end ofl he gro ...'tb period of many algae in cage cuitu ....

SC"eral of tbese problems can he o' .. rcome b)' daily cleaning of the ba~. by
.. mpHng and ...-placingcultu .... in the e' ..ning flo avoid Hght shock ). by u<lng
other membranes instead of cellulose, and by keeping lhe ceUdensity 10",in the
test culIu .....

Theca", cuhu ", rtma,ns the only method applic able for in .i,u 'cstin g, and il is
lhe simplesl " -ay to in.ure conOl-anlcondition. durin g laboratory teslS.

.3.4 Sl lld .. _ CUltu....

Synchronization of lhe ,'egela ti,'e proHferalio n of algal cells has been accom ·
pLishedwilb a hmited number of .pecies . Therefo .... presently only a fe...' t.. ,
organi>ms a ... available for toxicity Itsllng ulilizing lhis t""hnl quc . The
de,,,lopmen tal s ~nch'QnY may be lost qu ite Np;cjly in $Om. case$. and'" hen lhe
rh}1hm i> maimained, qUffiiono have been raised regan:ling the effects of Sl.....
'hal may r.... h from tbeconditiol1$ needed 10auu re . ync hrQnY.Tile imermiltent
illumination culture dilulion principle used for Chi"mroomolWlS",iJt!ta,dlhiby
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NordlaDd n 01. (1978 )>«m~. howtVN. to insure synchron y and txcdlont grow lh
of heallhy .,.,11s.

Th<: l<ehnlqut does olfer more lesl opportunilits lha n can b<:t <ploited in
routine lOxio<ilytestIng of che micals. for whIch It ma y appear 100 sophls llc,ued,
Synchron)'. how ever, does increase the sen, it i" ity of lhe lesl, especially when an
alga which yidd~ 12-16 ntW cells per cyelo is used (Nord land et 01,. 1978). The
proced ure developed by tiles< authors is based on e"" tro nic cou nling and
volume mea suremenl. of t!le algal cells. Th<:.,.,11. are separaled into dtad and
li>'ing fract ions and can b<:u$ed 10 estimle lC ," '''lu es wIlen the relati ....
letha lity ofllle "ariou~dOS<': 1o"t1sis plotled ,..,rsus the logarilhm oflhe doses on a
probil di agram, T ile estimated LC.o is nOI idenlio<allO the IC 50value u..hio<his
related 10 reduct ion in grow'lh rale caused by Ihe cllemJcal ralller lhan cell
,u", i,,, !.
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() 19I.l SCOPE

Methods for Assessing the Eff ects of
Chemicals on the Reproductive Functions
of Microorgani sms

J. How ...... SLxra

1 DEFINITION or IIEPIIODu cn VE FUNCf ION
IN M1CROOIIGANlS.\ts

In ooDlrast to Lbeft'produ::t;,-c fUllCtion and 5)'St~"'" of tbe animal aDd plant
kingdo""" ttprod""li<)n ,n the Prot ista must he consid.red in .ignificanlly
diff.r.nt t.m , buically bfcauJo tbe r.p rod""I;'" umt i$ diro<olly equated wilh
the complo\t orgon;'m . For mool prokaryoLic mkroorgan;'ms ttproducLion i!i
vi,,,'ed as groMh since incft'a .. in c~Uular.iu is intimaldy pan of lbe cd l cyd .
which ItrminaleJ ,,"h <xUd" 'i!iloo. ThU5 In bu).ynthetic and organizational
terrnJ <;(:11growth i. dirttted towards ttplication of tbe g.netic mat.rial, its
controlled separa tion and its ." .n distribution bet"un tWOprogeny (. process
termed blJlary fission). IDdeod for vim.... and bact.riophalles growth processes
ha>-cbeen pared down to a complete minimum aDd lbe ,,'bole organism may be
CO<l$id~rtd as a ttprodl>Ctl\'. un,l capable of its own replication (under
approprial~ conditions). At the opposile ~Dd of the microbial spectrum ,
partICUlarly within the ~ukaryotic <>tiROi""". slI<:has microalpe and funJi,
morpbolop:al developments may lead 10 structural moomcalions wltich
general. recognizable roprOOLICt;'-c 5Iructul'e5. Furthermore, . mong the moft'
oomple~ microorganisms diff.rentiation into 'male' and '(cmale ' t)-pes may be
recognized: certainly roprodLICti"~ .v~nts requirinllthe participation of + aDd ­
matin lltj-pe! ha~ been described. This ,;tuation contra.1S with lhe absence of
diff.rent iated fOnD5in 10",,, microorgoni ."" .

In general, thomoft', ;1i$ u.ual, oon'-cnient and "alid tocon5ider Tq)rod""l;on
;n 1enD5of llfOwth and thi. i. the basic stance thaI ,,'iUbe adop ted in lhis paper.

2 EFFECTS O F CHE~lICA LS 0 :-.' .\ IlCROBIAL
GROWTH

Chemical:! can affoctthe gro,, ·th of microorgani,,,,, in one of tl1= ways.

'"
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2.1 Gro"lh SlimulaTion

The oompo und Can suppon or stimulat e the growth of a microo rgani~m. aCling
as a carbo n. enersy ordement resou", e, B )' and large lhes.ep=sses are unli kely
to be "e"""",," h concem ~i ""e the compound. invol'""" usuaUy faU " 'ith in the
u.ual category of compound exploitable for normal meta bolic pUrposc$. The",
may he , itualIOns. howe" ... . where grO$$imba lances rna}' ",n erale problems ,
~ueh as eutroph .,alion processes when the prnence of excess inorganic nutrient<
may trigger tho<explosive gro "lh of a limited numher of .pecies . S"",h e'"nlS can
ha.... subsoquent eIf""t< whioh may influo:« the r<producti"e processes of other
or ganISms.

U G... "d1 0.,""" .. "

The compo und can t... mina te or inhibil, either generally Or highly specifically.
.., Ilular functioD(s) whioh mult in tho<cessation of cell gro"' th and di,·ision. That
i~. tho<compound can produce a bacterios tat ic eff«t ,, 'hioh may he n:'eIWd
,ubsoquently . pol1l1ltting normal gro wth to r<;$ume.In the .hOl1 term lhes.e
organi,m~ a n: likely to be metabo lically acti"e and able to con tn bute to any of
the proce:sses mediated by the microhe in question : that is. tho<y rema in
funotionally acti' " a lthough una ble to gro" ·. In tho<long term "at" organi Sms
WIll lost "ability and the chem""'l-indU<:ed .... po merges with the next
$eC\lon.

2.3 u,th:al E:fl"l'<'1S

The che m., al Can IndUO<1'lI.pld.Ielha l elf""ts u'lIIeh m ult in ce ll death 0"'" a
'hort por;oo of tllne compared with the elf«t~ encoun tered in section 2.2
Compounds can affect many cellular fUllCllon•. the precise Ulrget reftecting the
natun: of the oompound . For example, the presence of an alogues of DNA
precursor~ rapid ly aff«ts DN A replication either inhibitin g grou 'th. producing
DNA freecells or gross morphologica l chan ges (e.g. rod .. haped ",,11, becoming
fiJamentou') ; antibiotic!; ,, 'hich inhi bit the '}'Dthesis of ""II wall eompot>ent.
rapldl}' prodt>:e ",,11, with def(cl i,,, mUClura l compone nt> leading to cell
membra ne rupture and l)<is. In general. ,, 'hateY'", the cellular la'gel. the
obsen--ed response normally follows the 5e<Iuo:« of cessatio n of ino", .... in cell
numher ; gross changes in metabo lic activit) ' : cell 1)~i. a nd excretion of
intracellular oomponenu into the environment

The'" are olher processes ,,'hkh may he neutral In terms of the growth of
"""roorganism. but ,,'h.:h may inftuence Other microbes and Other hfe forms
subsequently(forenmple . broac:cumula tion of a rompourid as a muh ofl rophic
Slrur lU.... arid food webs and r hains) , In othe r S}1lt:mS mirrobia l metabo lic
acti" ity may ....ult in a tran.forma tion which ma}'be potential ly more hazardo us
than the primary compound. a process ~ no"l1 ... Iethal'}'Dtheoi •. Tbus. a major
eonelllsion mu,t he lhal to appreciate fully the poten t,.,l elfect of a compourid. it
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is ~rJlto unMr...and ilScomplete fale in the en,ironmenl irrCSj>eCt""of i[.
imm«liate effC"tupon mlCrob...l gro"'th-

The Slud}'of lhe eff""t of chemicals on m;c,rQOcganism,mu,t he viewed ""ilh
con.iderable importance bocau", of their crucial role in "lab lish",g and
mainlain",g tho operation of the ""ho10biosphere EffC"lSof chemicals ... peciany
.. noblOlic compounds. mUSIhe monl1Ortrlwith concern, not only at the local
Ie"el but at lhe global Ie',,1 (Komherg. 1979; Slater. 1981a).

J M ETB OOS o r ASSESSIN G TH[ n 'r ECT or CHEM ICA lS
O N J\UCRO BIA L GRO WTH

J. I StaDdard Gro ..·th ProcNUreo

The assessment of an effC"1on a microorganism is in essence .imple and rebes on
llandard microbiolo~1 proeodur .. . A. the Iwo inlroductory ""'lions ha'"
indicated. lhe initial mea,ucement of an effccI can be gauged in lerm< of the
growth r.. pon'" of a microbial populalion. Gro,.-\h has "ottn m;o gniz."j a, the
primar}' method in microbiology with a bmi[ed number of !><lsictcchniq\lt$
in"olling gro"'lh in cloKd (ba lCh). liquidrullu~: opm (COnlinuous-Mow).tiquid
rullure: and sro"'lh on ootid .urfaces (e.ll, agar-agar added to an appropriate
medium c"ntained within a Petn d.. h).

In lhe finl place the choice of sro"'lh medium (i.e. es",nlial nUlrien,,) is
normally dictated hy the tj"pe of organism 10 he cuhurtrl. a[ lea!J1for the mo~
fa!J,idiou. organi$J1t$.It is desirable. but not essenli.l. [0~ defined media since
Ihis facili[ies reproouciblllly, a faetor whIChmay be part;c,ularly important In
comparing data from different laboralOries.

l1>cre are man}' mel hod. available [0 mea!Juremicrobial bioma.. or microbial
cell numher cone<:nu·..t,ollS. 11is importa nt 10 TeCOllnizcthaI alilhese method.
pro,ide a mean , .. Iue sine<:microbial populati()ll, srown in t.-d itional'y$I"""
(especially closed cuhull' and 1$ colonies on ""tidilied gro"'lh medium) are
heterogeneous. Furthermore many en"ironmental facton, including media
composilion, 1}'pe of orpnism. physicochemical fae[" ... , ub$tantially influence
microbial bi"mass detennmati()ll' (Hrrbert. 1961; Bull, 1974). Indeed il "
re<:op>izcdIhat 0"" of tbe anTaCtio"""f c"ntinu(>us-fIo",culture 'y$~ms is Ihal
many of these variables may be controlled, leading 10 more aceurat~, repro­
ducible "'Iimal .. of microbial biomass.

1.2,I Mi~rob",llJiomIJ'" ~.,imo'n bJ'd,y ...".gh, dl'1l'1mi/tO'iIJ'"

The " ..ridard method" to lake a kno"'n v<>lume of culture (somelime. treating
the «lis ""h an ag<ttt ",'hich rennina[ .. llro...-th,.uch as I ~; (w v) sodium azide
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or fMIDalin or glulenl ldehl'!e ), centrifuge 10 prec ipita te lhe organisms in a

prewelghed glassetl1trifu ge tube and dry toconstant ",.. ight in an 0' .....at lOS C.
Accuracy, unbs u.ing ' .. ry 1al'jC cultun: volumes, is normaUy a problem and
must he ,ubjected to rigomus ' tati'lical conl ml through ap pro priate n:_
p~alJOns. Va riations on this prD«<.lun: include filterin g throu gh pn: " .. ighed
membrane fillers .

3.1.1 Mk,ohiDl biomo;lSe" imorn bf rurbidi')" derermi""rio ....

T he m",robial biomass. under appropriale conditIOns particularly at Io" 'er
concemr ati<"",. i. ""me fUl'lClion of the a moun, of light su n ered or absorbed by
the cuhun:. Many de~iees. inoluding colorime te". nephlometers, Jpectrophoto­
met ...... a n: CQmmerd"Uy ", .. ilable tn estimale eilher una bsorbed light or
scattered light and ha ,.. been d=ri bed in detailelsewhere (MC)lIen and Meyn ell,
1964). An importan t problem "i lh turbidity or absor ba nce m.... urements is that
cell morpbology, " , .. nable p"t1>meter depending on the growth condilions,
inOuences lhe , .. lues obta ined . With " .. Ikharac teriz.ed ')'Siems, Ihe 1eChniques
an: valuable and ha"e lhe adva nta ge O\'er dry weight d.. enni na tion . in being
rapid. effectively gi,-ing instantanCQUS.... ults .

3.1.3 Mk .ohiDl biomaJ> estimar.. bf Jpet:ifie et llulor ro m_ or "",,1)"Su

Many cellularcomponenlS includin g total nitrogen, prOlein, phosphorus . ON A.
R NA and otbe .. ha"e been a",,)'e d. usually b)' standard colorimetric assa)'. and.
USlnll a kno"' n percc1Itage composilion figure. these valu es can he used to
calculate microbial biom/l$s in terms of dry ~Ight peT unl l volume. Often the
p,ocedu ,....... time consuming bul lhe serious limitation is that microbial
macromob:ular and elemental composition is not cons tan t and unbs tbe
precise , .. nations as a fUl>Ction of, say, organi sm gro"1h rat e, are known , these
procedures an: unn:liable,

3.1.4 M krohiDl biomaJJ es" male. by loral carbon """I )'si.<

In cont rast 10 specific components mentioned III section 3.2.3. Ihe carbon
percenUll}' of orpnisms;' relati ....ly stable for mOSlstandard gro"'th media and
condihons may be used a, a metbod of calculatIng biomass. Recent dC\"tlop_
ments have seen the intrndtlC1ion of ...... ra l n:liable. commercially a"aHable total
organoc carbon analyse .. " hich are <imple to lISt. require , 'ery small samples and
pro,-ide ,apid estima tes of the organ io<carbon content of ... Ils. T his ought to he
tbe melbod of choice with the major disad' .. nlage heinS tbe cost of the
oqulpmenL

T Iw:total number of m"" obial cells. that ;.. "'Ihout dlsti nguishmS beI"'... n
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\1ab., and DOn.~iable members of the population. can he estimated bl
micro5CoplCcounts usinl cabbraled countinil chambers. A variety of ~ounling
~hambers are commercially a,ailable and enab., the number of orpnisms
present in a suspension (normally a gro",ing culture considerably diluted by a
kDOwnamount) to be couorcd in a koo"'n chamber volume, The procedure is
lJme consu""ng and reqlUres a rug» degrtt of te-oMical aecomplishment to
obtain accumle and reproducible .. timates. Under some circum'taoct:'!. u,ually
a highly defined orpnism gro",h system. electronic particle coun ters. such as
tl\( Coulter COunter. may be use<ltO .. timate t01a1cell numbcrs . This procedu""
reb.. O<ltheabsenceof inert or non·microbial particles in the suspension", bich is
sometim .. diffirultto achic, ... The procedure requires the cells 10pass >eparately
throug» an onf>ce len than 100pm,n diameter wruch ,s frequently dillicult to
achie"e consistently,

3.2.6 lliahl~ ~II nwnberu'i"""~J

For II\( majori ty of microbial e ~periment. lhe significant parameter is tl\(
number of 'iable cell. present "ithin a population since thew contribute to tile
o'-erall tne1aoolic function or tl\( population and to IIIe growtb potential of tile
population. In many inslallCe'<the ,·iab., count agrees c1"""Iy "'itb lhe total cell
number .. timate, especially under optimum growth conditions; that is, tl\(re are
few DOn-viable, non -gro""ing orpnism, in an aeti'-ely growin& population.
Ind«<!. in many instances. til< obse"'od disc,..,pancioes= probably due to
difficulties in estimating reliably the 'iable counL Viable counts are normally
determined by preparinl all appropriate dilut ions of a gro"';ng cullure (suitable
pr""autions muSt bc ta ken to pr ... ,,-e 'iab ility at this stail\'. for example, USing
buffeted diluents, prewarmed diluenlS, ",pid prepa",tion. etc.) and e'-enIy
spreadin& a known volume of a known dilution o'er the surface of a .uit able
growth (reeo'ery) medium Thi!I di'tributes, ideall)'. ,ingle orpnisms over tile
gro""h medium", ,urface, suitably .paced. Tilt spread plates are incuba ted at an
appropria .. t"""pcrature. leading 10 the:development of macroS(:opic colonies
which are a.. umed to ha,', b«n derived from a single, ,iab., orpnism orpnally
,pread onto tbe .urface. Bycalculation tbe number of colonies ""I". can be used
to ..,timate t be number of 'iable organisms present in tbe original culture, The
pr«edure is time coo,uming, ~uiring at least an overnigh t il'lCubation.
altho ugb variations, .ucb as the slide culture leehniq~. can .. tima .. ,iab., cell
numben; more rapidly.

1.3 Gro.. tb P. n .... .. ~ C.pable of o. termi"" tion

MlCroorianlSms g"",rally a,.., capable of a wide response of overall gro",·tb
poIemi al, inlluenced and modified by the environmt:null conditio .... In fact in
many in.tancn microbiologists ~ to be a"Ure of tho '-ariable respon<es made
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b)' appareDl1yidenlica l popul alions JI'Owing under appare DIlyiMDlical growlh
w lldil iolU. Th is ~ an attitude which demands app ropriate replicali,"CeODlrol
and >lalinical ana lysis. FurtMrm= II means lhal sea ", hil\i for and quanti fying
lhe effecl of a giveDchemical ODlhe growlh pr~S<:'S r«l ,,;res co mpari""n wilh
approprial<: conlrol gro"'lh syslems esrablished in lhe absence of lhe Slress
indllCed by lhe ehemica l

In CODju""I 'ODwith Ihe ba". melhods oUllined;n section 3.2, lhe followmg
growlh parame lers can be asses.sodin relal;on 10 ''''altd and unl"'altd growlh
S)ltCn'l$

In closed cull" re Jlowlh ' )"S1ems,microbial populalions exhibit a cha",e,crilli(
seq "e~ of gro"l h Slagel or phases described m delail el"' '' 'here (Bull. 1974 :
Pin. 1975; Slater. 1979). U",f ul. gl:11tral infonna\lon may be ob'ained by
delcrmini ng tbe eff",,'of a compound on the length oflhe ""riou' gro"'lh phases ,
lbe s,2.(:of ,he mlUimum populalion phase cullure and olhe r paramelers, such a,
cullure viabi~IY, cell morpboloB)' and or d ifferenlialion, and merabolic capabi.
~ties. The Ia" faelor, metabol i( .. pab'~lies. is beyond lhe scop¢ of Ihis
conlribulion since any cellular capabilily rani'ng from an O\'erall process . e.ll.
lbe ral( of oxygen upt.al:e. 10an euremely specific capa bility, e.g., the acti"i lYof
a particu lar ellZ)1DC,could be assayed . Ii is nol possible or u.. fullO specif)"lhese
p~ which oughllO be .. lccled w;lh regard 1olhe mllUTCof lhe compound
under <Iud)". In some circutm lances due TCgard may have 1o be laken rc
Iegislali'" rellUlalion and conlrol ago-l>Cyre(juiremenu . For ,",ample, lhe US
En' 'ironmcn tal Pro leclion Agency r«l " ;... . for pesticides. an eval"al'on of 'heir
elfecl on o') 'gen eonsum p,ion and car bon dioxide e' -olulion rales, nitrogen c)'Ole
reactions ( ,,-here appropriate) and me... urement . of phospha l"" or deh) '·
dro genase aClivilic:s. Vanalion s bet""" DIbc conl rol a nd treated gro"l h S)~'''''''

"" a function of the slage of lhe elosed cu llure gro"' lh cycle might also pro,ide
useful informa lion .

3.3.2 Th~ maximum Jp<'fijk gro~'lh N11~. 1'_

The maximum specific gro"lh rale.I' _ , (uniu ; time - '), me... ures the Opl,mUm
growlh rale for a gi~en organiSm und er a gi' -.n sel of environmenta l condiuons
and i<,he .i mplcsl JI'O"l h paramclCr which may he deduced from growlh kjnclic
da ta . The parameler mea,u= lhe rale of JI'Owth under ba lanced JI'Ow'lh
condilioJ>$which exiSl durin g lhe e' pone nlial phase of dosed cullure gro"'lh or
duri nll washou l from a conlin uou .. ftow oull"", <)"iIem' ,he methods of
oalculation and a detailed discus":on of Ihis parame ter are lliven by Bull ( 1974)
and Sialer (1979). Differences in lhe I' valu.. obra ined belween lrea led and
un lJUled growth <Y"""" provide a u.cl'ul and quanl irali, .. descript io n of the
o~erall effect of a compound on the JI'Ow'!hof an organism ,
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3.3.3 TM salUFOliM Mltf lOni. k,.

This paramel.r mea.um; tl><affimt) an OTpnism has for a particular. gro"'lh­
Imuting sUOstra t' and for most nutr ients i. pref.ra bly del. rmmro f.om
conlinuous -ftow culture (cl><mosta l) data (Slater, 1979/. TI><inft"""",", of a
compound on II><k, value obl alned may be delermin ed bUlil mu" be 'taled lhal
lhis requim; . Iabora l' , sophiSticated <hemOStaleq ulpmenl (especially; f much
crffience i. to be plac<:<lon the numerica l ,." lues obtained): lhi. info rmat ion is
lechnically difficuh 10 oblain: and requi~ an .xten .ive . xpcnml;ntal
programme.

3.3,4 TM inhjbilion "'''''anl,k,

F10m gro ,,·,h dala .... pecially conlinuous ·fIow cuhur. systems. it i. po$Sli)k 10
determine lhe k, value for the chemical und« 1C$1and 10delerm"", lbe nalure of
its actkln, i.e., compt tili ,.. . non",om ptliti," inhibi l;on, etc . (Bull and Bro" " .
1979), Ag.i n lhese are lik.I}' 10 require lengthy uptnmental proe<:<lu,..,.

3.3.5 TM m/llimum inhibil"' )' (onU n/Falion, .life ,."Iw

An impo rtan t and relaliv.I}' straigh lforw. rd p.n of a chem ical"•• valuation
programme oug hl to be lhe det«mina lion of its minimum inhibilOry con·
cenl ral;on (M [C) , Normally this may be satisf.ctorily.,-..luated in clo>cdcullure
.y.tems and oughllo be tested al an early dale in onl.r to provide a sel of baseline
da ta In ' hoelighl of which OtheT uperime nlal programmes (such as lhose
described in seclion, 3,3.1-3 .3.4) may be conducted : lher . is lill i. point in
collectIng I'a" . k" t ,. ere. data using inappropriate concentrallollS which may be
100 10'" 10 Ita,.. any measurable dI"<C1or 100 lugh 10 '""asure ""'ful err"",".
Furthermore lhis baseline data is crucial in anolher conte ." il enables
compari>ons to be draw n bet ...... n microbially hannful conce ntral;on, and
concenlralions kno""" to OCCur.on .' ..", go. ;n lhe . nvironment. Thi' i.
panicularly significanl since lhoereis. tendenc y 10 o' ..... e""'I'O dalum profiles
obtained al .nvironmenlall y ,"appropriate and incoosequent ial compound
concen tralion •. There is no pO,nt in curbin g II><use of a partic ul.r compound if
the measured efT<C1occurs a, concemnuion. unobtainable in nalure : regulalory
bQdioe<are in dan p of i"'lifi<:<lridicule lhrough dl-<:onsidereddo:,sion s '

4 STR" TEGIES FO R 'nu; APPLI CATION OF STANDA RD
MET IIODS OF CHB liCA l. U 'f ECT rv "l.UAT ION

Seclion 3 outlined lhe basic procedu .... which rruo.y be .mployed to ~,-..hlate

lhe effect of a chemiotal on lhe gro"'h of a .mcroorganism . tn ........., these
prOCedu.... are ' imple and the s;gn;ficanl f•• tu.... of the evaluat ion prog"'mme
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lie t1scwhcn:. This oe<:tiondeal. ,,'ilh a number of importan, cOO$'rainl$ and

pn llC'lples whieh reedto betaktn inln aa:ounl if a <a,isr""tn.-yevaluati"" isto be
""hie"ed .

4.1 M kr objal ViW'FJi'}"

It is perhap$ an Ulom but wnlth Slating in th~ con,ut of the Workshop 'ha'
",thin tht mi<:robial world then: i. a wider .pectrum of physiological t}"J'OSand
metal>oliccapabilities than in any olher group of orpnisms and. indeed. in the
total of other organisms, This microt>ial htte-og~neiIY. in terms of enc:rgy
""'ta l>oli.m and anal>olio:and catal>olicpotential. rai.. . a serious problem in
ttrms of evalualing the efftct of a partic:ular chemical. Sta ted simply. &rcatcan:
mu.1 ht taken in choosing a tost organism .i""" that organism mUS'posoessan
appropriate odlular functiotl u 'ho: target for tho:chemical. Fo, example,
evalua'in g the elfect of a compound which specificallyinl<rf",cs "ith nl1rogen_
fixation processes would be pointless usini! a non·ni' rogen-fixing organ ism,
Fun htrm o, e the evaluatioo programme would s.imilarly be invalidaltd if a
nitrogen.lixini! orpnism " ... grown under oonditio'" "' ''''re Iht mechanism " ...
not elal>oratcd (•.g. a filmentou. oyanobaot~rium gro""" in th~ p1'tSe1lot of
ammonium in'" dOt' nnt diff.rentia l<to produce l>ttet<)O)'S1$and so dOt' not lix
nitrogen). Similarly. the elfect of a compound which .. lecti~ly impaitSsubst"'l<
lev.1 phosphorylation wo uld ht . ubsta ntially less marked using a test organi.m
grown .... obically oompare<lwith Ih. same organism vown anaorobically.

Within compounds wnh kno"....tarll"l$ or sU$p<lCtrotar~. the .. Iee,i,," use
of approprial< tCStorganisms isju stifit<l.Ho".." ..r . in the majority of in.ta .......,
particularl y for xenol>ioticcompounds, where thtir mode of ""t ion i. not
uod.... tood. then probably ,he on ly COUrK of action would be to SO= n lhe
compound agaimt a rang. of metal>olicIypes. oeminly includini! those wi'h
major oapat>ilitiotsof importaDOCto the natural environmenl. such as nitrogen
fiution. phO$phous minerawlion. etc, Clearly screening programmes are
Ial>our and lime inle", i,.. but . in ,he absence nF detailed knowledge of ,he
eompo und. elf«: t. ought to be part of an evaluation programme.

4.Z Mie...... l Com "", ni,ie>

Most mH:rot>iolop ts are imbued with an experimental approaeh which
depend. on the u.. of urnic cuhu~ . i,e. ,he growth of a single species of
mic,nbcs . Thio is dearly a "a luable part of ar, .. 'alualion programme to lest
elf«:ts on a .. I«:ted range ofkno"'11 organisms "ilh chara cterislic:metabolisms.
H"" .., ..r. in vinuaUy e""y known natural habital. milltures of mi<:roorpnisms
eoexist. in some cases resuking in lbe Formalion of stable. inleractinll oom·
muni!its (Slater. 1978. 1981b). It ;, becoming d ear that many types of
inl<1"action, ranKingFromlhe gen. tic to tbe ph~iologicallevel. OCCIIrwhich may
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substanlially modify the o".",n melabolic pot.ntial in a way which ;s no,
ex.mp~6ed by any of lhe pure cultUl'e$alone . II i$ concei"able, but tltu$ far
untes'ed . xperi mentally. tbat microbial <:<Immunitiescouk! t",nsfOlm a oon·
loxic compound into a ' oxic compou nd. This i$ an area which requires much
more experimental work .On lhe other band. and in fact a more ~hlY$«lu= of
evenlS. is that a parti<:Ular probkm compound will he t"'D$formed (normally
compkte ly mintta~zed) more read ,ly and more ", pidly by a mixlure of
microor ganisms actin g synerJi$tically (Bul!, 1980, Slater and Godwin , 1980).
11Iat is. ,Ite Ionll-term persistntC< of a compound in tlw:en'ironment may he
conside",bl) ' short er than would he deduced from pur. cullure stud ies alone . In
situatioD$wlterethere in balal1tt helween the~ to usea giYencom pound and
i\$ deleteriollS efrec\$. ,hen ,t.: more ", pid i\$ degradation . the more desi"' bk .
Mierobiologists in gene", l seem relUClantlO cons id. r mixed culture studies but
unless tlw:yare encou "'lled 10do so. they ...i ll oont;nue to furnisb data whi<:hin
many cast:< hears link relation 1(>the~ occurrinll in nature.

4J En' i l'Olllmeatal Hete~ily

A rom pa "'t ively unexplored area. certain ly ;n t.rms of chemical saf.ly
eva luation, i. ,ba t of enYir(>nment.a1"ari ation and heter(>gencity. MClSt simple
experimental s)'Stems. sucb ... a closed culture. depend on the oomo,eneous
dispenion of microor ganisms in a culture medium '0 produce a homogeneous
suspension. These are conditions ...·hi<:b",rely occur in nature, various types of
.urfaces and inte'l'baseo occur (Marshall. 1980) and, indeed . mo<! microbial
acti"';ty occurs at 'hese regions, Here physicochemical factors lead . for example.
to major nutrien tll'adients which in turn afrectthe ral. at whi(h or-ganisms ll'o w.
By a nd large hetttogeneou'lP' (>...1h S)'SII,mSba' " not been adequa' ely .xplored
in the presen t context .

4.. Mic robial Adapll ooa

In ma ny iD$tanceo test proce<!Ul'e$ fail ' (> allow for adapt;,,, proceMe>,
panicularly thOlo<which may occur at the tenetic level(as opposed ,(>pheno')pic
adaptation or .xpression of a particula r fUn(tion) . In the Ionll term these .'"nlS
may he important in alle'ia ting the elfcets of chemicals by the selection of
mutanlS ...-itb desired resistaDee characteristiocs or, more imp<>rtantly, by the
selectiOll of strains ahle to degrade ,he 'cs, compound . Evaluation proiC"rDS
oull!ttlO include some cstima'ions of the ~ke~hood of these evenU occurring but
;, is. of cou .... difficult and often a long_term p<ogrammc . N.'''rthe .... , a. has
been ob$erved in o'btt conteJllS, uhima tdy 'M immedlllte efr«t of ,"e c"emica l
may not he >ucb a prob lem as ....... antic ipated in the unadapa ted population
(Slater, 197&J.
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4,5 [ ,·.lua tion i. 'i'.. ... Microoosmo

As indicated elsc:w!ll:rein this section, 0"" of t!ll:maj .... experimental problems is
llult of relating la!>oratory.baY;d ."pm"",ntation - often with highly defined,
simple lVOY/lhsystems _Io t!ll: likely ~IuIviour of the compound in natural
IuIbitat" At so"", .lage fieldstudies Deedto be uDdertak en to make the n=ry
comparisons. An intermediate sage. boY/e,~r. is lhe U'" of mo....<:ompltx growlh
systems, normally termed microcosm. w'hich .nempt to establi.h a gucat
ecosY'lem complexity ,,'ithin a laboratory-based .}~tem (Matsumura. 1979;
Bull, 1980~

4.6 M lerobb l Sl~t.ms u Mod" s ror Testi"ll £fl'«ts orChoml<. l>

In much tl><<am<way a, mICrobial 'y<lems ha, " bttn analy",,:! as conve nienl life
forms from w'hich the ba.ic fundamentals of ~''ing 'ystems may be ded<>eed.
microbial systems may,;n part, serve as con'en;'nt models to test the effect of
cl><micals before testing on animals aDd plants. T I><re!ati'e simplicity of
microorgani.ms, tl><ease of culluring and II><abi~IY to produce !arge quantilies
of mat.riIll for analysi<.• nables tl><m10 be used in useful p....timin.ry tests ta
determine likely cellular targets for the compound in question. For example,
resu lts may indicate an influerICe on D:'<A synthesis or prorein .)'nlhesis
inhibitor, and lloesc results may indicate whu cellular fUrIClion. Deed ta ~
e' amined in hilher organisms . Clearly eurapolation. of this kind ncod to be
attempted cautiou.l)' and with due regaro \0 the substantial differences e,hibiled
in higher organisms. This "",te gy has, for example, bttn used as tbe basi> of the
Ames test for determining those compound. ,,'hich tend to have careinogenic
effects.

5 CONC L USIONS

The majorcondusion which il is hoped ;ocle.r from II><preceding tesl IS that the
basic m<thodologies already exi" for the analysis of the e1fect of chemicals on
microbial grow'lh , To Ihis autbor, however. there are som< "'riou. Iimitalions to
the apphcation of Ill<-$<melh""s . especially in the range and b 'd of complexil)'
or II><assessment tests undertaken. Much more lboughl n<:ed' 10 ~ gi"en to lhe
expc:rimenta l protocol. developed, lakilli into account the factors described in
$<Xtion4.
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