
XL SYNOPSIS OF PHARMACO-CHEMICAL AND 
PHARMACO-PHARMACOLOGIC INTERRELATIONS 

In analyzing the mechanisms through which hormones can influence resistance, 
we must consider first the various forms of drug interactions in general and second 
the structural prerequisites for the protective actions of hormones. It is obvious that 
drugs and hormones may interact by influencing each other's absorption, excretion, 
distribution within the organism, metabolism, as weil as by direct chemical or 
pharmacologic interactions that occur between drugs in vivo. However, these mecha
nisms are the subject of general pharmacology and hence they will only receive 
cursory attention here. 

The principal objective of this section is to correlate the many experiments which 
we performed to obtain material for a glimpse into the structural (chemical) or 
pharmacologic prerequisites for the ability of steroids to protect the body against 
toxicants. 

VARIOUS FORMS OF DRUG INTERACTIONS 

In discussing the various forms of interactions between drugs (including hor
mones), several mechanisms must be considered, for example: 

1. The gastrointestinal absorption of one drug can be affected by another which 
alters the pH of the alimentary tract, the permeability of its epithelium or peristalsis. 

2. Drugs may affect the renal, biliary, or intestinal excretion of other drugs. 
3. One drug may alter the distribution of another drug within the organism, e.g.: 
a) by altering the permeability of the hemato-encephalic barrier; 
b) by competing for shared protein-binding sites in the plasma, thus augmenting 

the biologic activity of the displaced drug; 
c) by competing for receptor sites in tissues, thus diminishing the activity of the 

displaced drug. 
4. Drugs may affect the synthesis, degradation or activity of microsomal and 

extramicrosomal drug-metabolizing enzymes. 
5. Direct chemical interactions between drugs (e.g., chelation) may lead to their 

inactivation in vivo. Addition of a pharmacologically inert radical to a potent drug 
may also alter the susceptibility of the latter to microsomal enzyme activity (e.g., 
morphine and barbital are resistant, whereas ethylmorphine and phenobarbital 
are highly susceptible to degradation by microsomal enzymes). Such an "opsoni
zation" by addition of a radical may increase the liposolubility of a drug and hence, 
its capacity to penetrate through membranes. This type of synthesis has not been 
definitely proven to occur in vivo, but it may play a role in drug interactions. 

6. Direct pharmacologic interactions between drugs (e.g., between a vasoconstrictor 
and a vasodilator, or between two vasodilators) may lead to an increase or a decrease 
in their activity. 
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Drug Interactions in General 

Fouta G77,566f64: Review (5 pp., 18 refs.) 
on the effect of drugs upon drug metabolism. 

Molver G78,39Jf65: Review (4 pp., 43 refs.) 
on drug incompatibilities. 

Remmer G78,385f65: Review (24 pp., 
156 refs.) on the mechanism of drug inter
actions. 

Gillette G78,390f67: Review (19 pp., 96 refs.) 
on theoretical aspects of drug interaction. 

Mclver G77,708f67: Review (6 pp., 41 refs.) 
on drug incompatibilities. 

Block & Lamy G81,054f68: Review (6 pp., 
82 refs.) on therapeutic incompatibilities ofim
portance to pharmacists. 

Bartslwrn G78,178f68: Greatly simplified 
but excellent revue (8 pp., about 35 refs.) 
enumerating various ways in which drugs can 
interact and illustrating each type with a few 
examples. 

Bartshorn G81,056f68: Review (4 pp., 17 
refs.) with practical hints on drug interactions 
useful to the pharmacist. 

BartshornG81,057f68: Review (7pp., 3refs.) 
consisting mainly of tables concerning drug 
interactions. 

BussarG81,059f68: Review (11 pp., 82refs.) 
on drug incompatibilities. 

Pelissier & Burgee, Jr. G79,655f68: Abrief 
guide to drug incompatibilities irrespective of 
the underlying mechanism. 

Block & Lamy G81,052f69: Review (5 pp., 
27 refs.) on drug interactions with tabular sum
maries on changes in metabolism, binding to 
plasma and urinary pH changes produced by 
one substance which may alter the activity of 
another compound. 

Dunphy G77,712f69: Review (11 pp., 
about 30 refs.) on drug interactions with an 
outline of an extremely simplified index listing 
a few examples of these. 

Bartshorn G81,055f69: Review (7 pp., 33 
refs.) on interactions among anti-infective 
agents. 

BussarG 81,053 f69: Practical hints concern
ing drug interactions of interest to the phar
macist. 

Visconti G77,709f69: Review (10 pp., no 
refs.) on how drug interaction information may 
be used preventively. 

Arii!ns G79,943f70: Review (48 pp., about 
160 refs.) on drug interactions with special re
ference to antagonisms, metabolic inactivation 
and metabolic activation. [Excellent summary, 
but the poor English is difficult to follow 
(H.S.).] 

Neumann G80,018f70; G80,550f70: Review 
(5 pp., no refs.) on drug interactions in the 
style of a postgraduate lecture. 

Mannering G74,88lf71: Review of the 
Iiterature on drug interactions in generalleads 
to the conclusion that "a drug may alter the 
action of another drug in several ways: 
a) by producing one or more effects similar 
or opposite to those of the drug in question, 
b) by direct chemical or physical interaction 
of drugs, c) by displacement of drugs bound 
to plasma or other proteins, d) by altered 
renal clearance of drugs, e) through condition
ing by previous drug effects, f) by interaction 
of drugs with receptor sites, and g) by inhibi
tion or stimulation of the metabolic site. 
Examples of all of these interactions are given 

" 
Lipid Solubility 

Brodie G55,013f62: "Metabolism of the 
microsomal enzymes seems to be governed by 
Iipid solubility, for only substances that are 
highly Iipid soluble are metabolized by 
microsomes." 

Mannering G71,818f68 (p. 74): A survey 
of the Iiterature shows that compounds with 
low Iipid solubility are poor inducers of drug
metabolizing microsomal enzymes, whereas 
potent inducers are, in general, highly soluble 
in organic solvents. [Y et all steroids are Iipid 
soluble but arenot good inducers (H.S.).] 

Carriers 

Baird & Reid G51,827f67: Pancuronium 
bromide produces neuromuscular blockade in 
man. 

Lewis et al. F95,691f67: In various test 
procedures, steroidal monoquaternary ammo
nium salts exhibited non-depolarizing neuro
muscular blocking activity. 

Bonta & GoorissenG75,052f68; BuckettG75, 
531!68: Pharmacologic studies on the neuro
muscular-blocking effect of pancuronium. 

Buckett et al. G56,175f68: "Pancuronium 
possesses up to ten times the potency of 
tubocurarine according to the species used for 
testing, while possessing similar duration of 
action." 

Reyes et al. G71,233f69: In rats pheno
barbital "enhanced hepatic uptake of an 
organic anion, bromsulphalein, in vivo and 
simultaneously increased the amount of Y, 
a hepatic cytoplasmic organic anion-binding 
protein. This study supports the postulate 
that Y is a major determinant in the selective 
hepatic uptake of certain organic anions from 
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plasma." Induction of Y may enhance hepatic 
uptake and metaboliBm of various substrates 
following treatment with phenobarbital and 
other inducers. 

Wall et al. G69,969f69: Aseries of steroid 
esters of p-[N,N-bis(2-chloroethyl)amino] phe
nylacetic acid (BCAPAA), steroidal sulfides of 
p-(N,N-bis-2-chloroethylamino)thiophenol, and 
a variety of steroidal ethylenimine derivatives 
were synthesized and tested for antitumor 
activity. "Activity was found only in those 
instances in which the steroid and potential 
oncolytic agent were connected by ester or 
heterocyclic ether Iinkages. The steroidal 
BCAP AA esters were of particular interest 
showing excellent inhibition of a DMBA
induced and transplantable mammary adeno
carcinoma, and marked increase in survival 
when tested on a variety of rat leukemias .••• 
The steroidal BCAP AA esters were judged tobe 
less toxic than some of the well-known nitrogen 
mustards in general use." 

Chaauki et al. G77,223f70: In 50 patients, 
pancuronium bromide was found to be an 
active non-depolarizing neuromuscular block
ing agent, about 5 times as active as curare and 
25 times more potent than gallamine trie
thiodide. Its advantages are rapid onset of 
action, no release of histamine and little 
disturbance in blood pressure, because of a 
weak ganglioplegic action. 

Dick et al. G77,777f70: Favorable clinical 
experiences with pancuronium as a muscle 
relaxant in anesthetized patients. 

Feldman eh TyrrellG76,666f70: Dacuronium 
bromide (2ß, 16ß-dipiperidino-5x-androstane-
17 ß-diol-3x-acetate dimethobromide) is closely 
related to pancuronium bromide but the 
acetoxy group at c17 is replaced by a hydroxyl 
group. It has proven its usefulness as a non
depolarizing muscle relaxant in man. Its 
effect is fully reversible by edrophonium or 
neostigmine. 

PREREQUISITES FOR THE PROTEOTIVE AOTIONS OF HORMONES 

Looking back upon research on hormones and resistance, as outlined in this 
monograph, it may be instructive to reexamine the justification of the path followed 
and to summarize the main points. 

It is not without hesitation that we embarked upon this project some 35 years 
ago; we realized, to start with, that this would be a life-long undertaking with 
virtually no background data for logical planning. On the basis of what we had 
learned in 1936 about the role of the adrenal cortex in defense against stress, no 
other course seemed to be open to us but that of a purely empirical, large-scale 
screening of many steroids (more or less closely related to the corticoids) for possible 
protective effects against many toxicants. 

However, the possibility of finding highly potent and comparatively nontoxic 
protective steroids appeared to hold considerable promise of practical applicability 
and the screening did not have to rely on chance alone. To some extent, we could 
be guided by the pharmacologic and chemical characteristics of compounds previously 
shown to have protective potency against certain substrates. We used the same guide 
lines for the identification of toxicants amenable to prophylaxis by steroids. It is on 
the basis of this kind of empirical research that we are now beginning to see outlines 
of a classification which permits us to predict, with some degree of probability, 
what compounds are likely to possess protective effects against what types of toxi
cants. 

Because of the large number of experiments required to explore the many possible 
combinations of such interactions, we had to rely on simple in vivo observations 
in which directly visible (functional or structural) changes and mortality rates were 
our principal indices of activity. Yet, in the early days we were encouraged by the 
knowledge that similar screening efforts did prove to be eminently successful in many 
other fields. The classification of bacteria on the basis of their ability to grow on 



Prerequisites for the Protective Actions of Hormones 771 

certain media or to take up the Gram stain, the screening of antibiotics ou plates 
inoculated with various bacteria, the blind testing of 606 chemotherapeutic agents 
that finally led Ehrlich to the discovery of "Salvarsan," are but a few examples to 
illustrate this point. 

In our own work we could demonstrate the nonspecificity of the pituitary-adrenal 
response only by countless in vivo tests with many stressors; only the screening 
of numerous calciphylactic sensitizers and challengers permitted us eventually to 
induce localized tissue calcification in a predictable and highly specific manner. 

Naturally, as soon as any new protective phenomenon was discovered, in vitro 
studies in depth became necessary to clarify the underlying mechanisms; for example, 
after we noted the prevention by spironolactone of digitoxin and mercurial intoxi
cation, or the extraordinary degree and spectrum of protective effects that can be 
induced in steroids by the introduction of a nitrile group. Much of this work is still 
tobe done, but before we could even think about elucidating the manner in which 
a protective phenomenon works, we had to know first that the phenomenon exists. 

So much for self-justification. 
To begin with, we had to develop an economic procedure which permitted large 

scale experimentation with a minimum waste of steroids, many of which are difficult 
to synthesize. Then we had to design a technique for the correlative evaluation of the 
many individual observations made. 

Our assay procedure consisted of the following three steps: 
1. Establishment of possible protective potency against two standard toxicants: 

digitoxin and indomethacin. 
2. Determination of the "protective spectrum" of the steroids found to be active 

in step 1. 
3. Identification of damaging agents amenable to prophylaxis by steroids which 

have revealed interesting activities in step 2. 

Before describing these steps in detail, we 
shall have to say a few words about the 
evaluation of the data obtained. The results 
of the first screening have been tabulated in 
the conventional way (Table 135) by listing 
the mean severity of the actual changes as 
previously described for comparable studies on 
the effect of 304 steroids upon indomethacin 
and digitoxin poisoning (Selye G70,42lf70). 

In addition, we constructed Synoptic Tables 
(Tables 136, 137, 138) in which these and many 
additional results are summarized on the basis 
of the degree of the signüicance ratings (cf. 
"Statistical Evaluation," p. IX) according to a 
system developed by Mrs. I. Mecs of this 
Institute. The figures indicate the means of the 
statistical signüicance grades of the changes 
(functional or structural) used as indicators, 
plus that of the mortality rates divided by 2. 
Thus, in an experiment in which the protection 
against intestinal ulcers had a significance 
rating of "0" (no protection), and the signifi-

cance of the protection against mortality 
was 3 "***" (perfect protection), the figure 
given in the tables would be 1.5. Only in the 
case of compounds which normally cause no 
mortality (e.g., anesthetics, muscle relaxants) 
do the grades correspond to structural or 
functionallesions alone. 

The Synoptic Tables (136, 137, 138) also 
list the "Mean Overall Protective Index" 
computed according to a procedure closely 
related to the "Simplüied Activity Grading" 
system previously described (Selye G 70,421 f70). 
This index represents the allgebraic sum of all 
the individual activity gradings for a certain 
protective substance divided by the nurober 
of toxicants against which it was tested. 

In addition, we computed the "Total 
Overall Protective Index" which represents the 
arithmetic sum of all the individual activity 
gradings (disregarding negative grades). 

Furthermore, we computed the "Protective 
Spectrum Index" which is the percentage of 
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those toxicants tested against which significant 
protection is obtained (irrespective of the 
degree of significance). Thus, if a steroid offers 
significant protection against 6 out of 10 toxi
cants examined, its "Protective Spectrum 
Index" is 60%. 

In the Synoptic Tables, these Indexes have 
also been computed for the amenability to 
protection of the various toxicants (three bot
tomhorizontal lines). In other words, here the 
figures indicate the mean degree or the percent
ile frequency of protection offered by the entire 
series of conditioners against any one toxicant. 

Finally, to further facilitate the overview 
of this complex field we constructed a "Diagram 
Table" (Table 139) which graphically summari
zes the highlights of Table 138, except that the 
results are registered only for one dose Ievel of 
the toxicants and are expressed in a scale in 

which intermediates between the four grades 
are not recognized (for details cf. footnote on 
Table 139). Furthermore, in Table 138, the 
toxicants are listed in alphabetical order for 
easy identification, whereas in Table 139, 
they are enumerated according to decreasing 
"Total Overall-Protective Index" values. 

Since the !arge nurober of experiments to be 
reported here was performed over a consider
able period of time, in each case, a group of un
pretreated controls received the same toxicant, 
simultaneously with the rats that had been 
pretreated with potentially protective substan
ces. The statistical significance of the resulting 
changes in the pretreated animals was always 
calculated in comparison with the correspond
ing group of unpretreated controls handlad 
under identical circumstances, at the same 
time and by the same technician. 

Using these procedures for the evaluation of our data, we examined the steroids 
available for this work according to the above mentioned three-step procedure. 

First Step: Protection Against Digitoxin and lndornethacin 

The first systematic investigations designed to identify protective steroids con
sisted of a series of bioassays in which 304 natural and synthetic steroidal compounds 
were tested for their ability to protect the rat against digitoxin and indomethacin, 
under the experimental conditions outlined in the preceding section. Since these 
results have been the subject of an extensive review (Selye G70,421J70), we shall 
Iimit ourselves here to a brief description of the principal conclusions derived from 
them. 

Protective activity was widespread among the steroids of this first series; it was 
dernonstrahle among gonanes, estranes, androstanes, androstenes, 5ß- and 5a-preg
nanes as weil as among pregnenes, with one or more double bonds, and with or 
without halogen substitution in the ring system. On the other hand, cholanes, chole
stanes and genins were uniformly inactive, with the sole exception of methylnorde
oxycholanate (3a,12a-dihydroxy-24-nor-5ß-cholan-23-oic acid methyl ester). 

Because of this widespread distribution of anti-indomethacin and antidigitoxin 
activity throughout various classes of steroids, it was difficult to formulate any 
clear-cut rules about pharmaco-chemical correlations in this field. It does appear, 
however, that although catatoxic activity is not strictly dependent upon any single 
structural prerequisite, in general the 17 a-propionic acid-y-lactone side-chain 
is advantageaus for both antidigitoxin and anti-indomethacin activity. It is perhaps 
also not purely coincidental that a very !arge number of active catatoxic steroids is 
found among the 1,4-androstadienes as weil as among halogenated androstene and 
pregnene derivatives. It is likewise noteworthy that several of the most active 
catatoxic steroids are 19-nor compounds, hence the angular methyl group at C10 

is not only dispensable but often advantageous. The most striking observation in 
this series of tests was that among all 304 steroids tested the most active against 
both substrates proved tobe a cyano-compound, namely PON. 



First Step: Protection Against Digitoxin and Indomethacin 773 

This first systematic screening series also revealed that the catatoxic activity is not 
strictly dependent upon any other known pharmacologic property, although most of 
the highly potent antidigitoxin and anti-indomethacin steroids also exhibit anti
mineralocorticoid or anabolic properties. 

Because of the comparatively small number of animals that could be used for the 
bioassay of the many, not readily available, steroids, only the lowest and the highest 
activity grades were given serious consideration. However, even on this rigid basis 
of appraisal, we found that at a 10 mg dose level, among 304 steroids tested, there 
were: 

Active only against indomethacin: 42 
Active only against digitoxin: 32 
Active against both substrates: 24 

the remainder being inactive or of doubtful 
activity. 

At the 0.5 mg dose level, we found: 

Active only against indomethacin: 1 
(Cpd. 277 and betamethasone acetate) 
Active only against digitoxin: 1 
(CS-1) 
Active against both substrates: 1 
(PCN) 

These compounds correspond to the following structures: 

OH 
CH, CH,-CH,-COOK 

3 

. 

0 
HO 

CS-1 PCN 

3 

CH3 

c t=o 
···CN 

9a-Fluoro-11 ß-,17 -dihydroxy-
3-oxo-4-androstene-17 a-propionic 
acid potassium salt (SC-11927) 

3 ß-Hydroxy -2-oxo-5-pregnene-
16a-carbonitrile (SC-4674) 

Betamethasone acetate 
9a-Fluoro-16ß-methyl-11 ß,17 ,21-
trihydroxy-1,4-pregnadiene-3,20-
dione 21-acetate 

3 

0 

CH20Ac 
I 

CH C=O. ·No... 
··o....-CH:I 

"Cpd. 277" 
21-Hydroxy-3-oxo-1,4,9 (11}
pregnatrieno-[17 a,16a-d]-
2' -methyl-oxazoline acetate 

It is especially noteworthy that several ofthe active catatoxic steroids are naturally 
occurring hormones, hormone precursors or hormone metabolites such as: pro
gesterone, 17 a.-hydroxyprogesterone, 5-pregnenolone, dehydroisoandrosterone. 
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Encouraged by these :first observations, we then proceeded to repeat some of the 
key observations at lower dose Ievels. We also performed similar tests on many 
additional steroids, especially carbonitriles and other compounds related to the most 
active members in the preliminary series. This work (Selye 0 70,480/71) was done 
under experimental conditions exactly corresponding to those of the :first screening 
tests, and the results are summarized in Table 135. 

However, before describing these most recent experiments, we must say a few 
words about the SSS steroid terminology. Up to now, in discussing the literature, we 
used essentially the same terms as did the authors quoted. This was far from satis
factory, but unfortunately unavoidable, because we could not have taken the 
responsibility of translating into any accepted steroid nomenclature the often 
ambiguous mixtures of trivialand systematic designations that are sometimes em
ployed even by the most reputable pharmacologists and clinicians. However, in the 
following description of our own experiments with fully characterized compounds, 
these will be identified not only by their structure formulas and the official de
signations accepted by the International Union for Pure and Applied Chemistry 
(IUPAC Commission 082,068/69), but also by the much more easily understandable 
and simpler SSS terms. The SSS (Symbolic Shorthand System of steroid terminol
ogy) (Selye et al. 079,034/71) can be briefly summarized as follows: 

Basic Principles 

The main advantages of the SSS nomen
clature are: shortness of code terms, logieal 
eonsisteney, and simplieity. The principles 
which guided its design are: 

Rigid observanee of left-to-right preeedenee 
order in the coining of symbols. The parent 
hydrocarbon comes first, then its substituents 
in a strictly determined sequence. Each Sub
stituent is named by a symbol followed by a 
positional number according to the principle 
of: "firstwhat, thenwhere" (e.g., 17ß-Hydroxy
androstan-3-one = Aol17ßOna). 

We deviate from this rule only in the case 
of "secondary parent hydrocarbons" in which 
the main parent hydrocarbons (e.g., estrane, 
androstane) are provided with side-chains 
attached by C-C linkages (e.g., methyl
androstane or cyanopregnane). In such cases, 
substituents of the side-chains are mentioned 
immediately after the latter. E.g., an andros
tane with a hydroxylated (ol) methyl group (I) 
attached at 16ß is written Alohsp and the 
whole expression is underlined (or boldface) 
to distinguish it from substituents on the main 
parent hydrocarbon itself which follow accord
ing to the order of precedence described below. 
For example, if the methylandrostane just 
mentioned also contains a ketone group at 
3 and a fiuorine in the 9cx-position, we write 
Aloh&ßOnaF9". 

No signs to indieate two or more identieal 
charaeteristies (e.g., diene, triol, dione). The 

sign LI and the suffix "-ene" are also omitted 
since appropriate position numbers make them 
superfluous. Mter the symbol of the parent 
hydrocarbon (e.g., A = Androstane) super
script numerals suffice to designate the degree 
of unsaturation, while subscripts qualify the 
position and number offunctional groups (e.g.: 
A 4•6olnß,l7ctona 11ß,17 .. -Dihydroxy-4,6-
androstadien-3-one ). 

No silent "e'' (e.g., in "one"). This is always 
omitted, not only when the next syllable 
begins with a vowel. The final "e" does not 
change either the meaning or the pronuncia
tion of the syllable and, in many languages, it is 
not used in any case. Besides, SSS (like 
IUPAC) is not meant for oral communication. 

Since esters are always formed with 
alcohols, the esterifi.ed OH groups are not 
separately indieated. E.g., instead of 5cx
Androstane-3ß,17cx-diol 3-acetate 17 -propionic 
acid ester, we merely write A5cx*II"ap*Ill"l7ct 
(* = ester; "= acid), since the 3ß-acetate or 
17cx-propionate can only be formed with the 
corresponding alcohols (cf. alBo p. 775 and 
776). Furthermore, we employ short symbols 
instead of writing out the full names of the 
esterified acids and, instead of the usual "-", 
we separate ester functions from the parent 
hydrocarbon by an asterisk which uses no 
more space than the dash and yet further 
characterizes the following symbols as an 
ester. 
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No prefixes. It is superfluous to burden a 
codifier with a complex dictionary of rules 
according to which he must write a given 
symbol as a prefix or suffix. In SSS, the parent 
hydrocarbon is the first part of any designa
tion; all other symbols are added as suffixes. 

No synonyms. Every structural feature 
receives one name or symbol. This procedure is 
greatly facilitated by the omission of prefixes 
which complicate other systems. For example 
in IUPAC: 

Carboxylic acids are named "Carboxy-" as 
prefix, and "-oic", "-ic" or "carboxylic acid" 
as suffix. 

Alcohols are "Hydroxy-" as prefix and 
"-ol" as suffix. 

Aldehydes are "Oxo-" as prefix and "-al" 
as suffix. 

Most confusingly, ketones are also "Oxo-" 
as prefix, but "-one" as suffix. 

Typesetting and punctuation are used to 
specify chemical characteristics without length
ening names. Instead of separating all parts of 
a term by dashes (- ), SSS uses no separating 
sign or (where there may be ambiguity) the 
shorter comma (,). The latter is replaced by an 
asterisk (*) to indicate ester function. Commas 
also separate the position numerals of identical 
functions (e.g., olap,9ß,17ot)- No punctuation is 
used to separate the constituents of a single 
functional group. E.g., *III"ap, fully charac
terizes the location on Cs and the steric position 
of an alcohol group esterified with propionic 
acid; the three ingredients (3, ß, III") need not 
be separated by dashes or any other sign which 
would only tend to break up what is actually 
one unit of expression. 

The simplest symbolic code terms are used 
lor the most common expressions. Thus, the 
main parent hydrocarbons have symbols 
consisting only of the first Ietter of their full 
name (e.g., G = Gonane, E Estrane, 
A = Androstane) although, in some instances, 
one or two additionalletters are added to avoid 
ambiguity (e.g., CH = Cholane, CHT = Choles
tane, etc.). For emphasis, the symbols of the 
main and secondary parent hydrocarbons -
including signs of intrinsic modifications such 
as: isomerism, unsaturation, nor, homo, abeo -
are underlined and always capitalized (in 
printing, italicized or set in boldface). 

Whenever possible, simple, selfexplanatory 
mnemonic abbreviations are used for all 
substituent radicals, e.g., for normal alkyls 
roman numerals, indicating the nurober of 
carbon atoms contained: 
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I = Methyl II = Ethyl III = Propyl 
IV = Butyl V = Pentyl. 

Longer and more complex radioals are 
represented by Ietter symbols, usually con
tractions ofthe IUPAC names (cf. below). 

When alkyls appear as side chains (second
ary parent hydrocarbons), they follow the 
name of the parent hydrocarbon (on the same 
line) and, like the latter, are boldface (e.g., 
AI= methylandrostane). 

Whenever the chemical formula charac
terizing a substituent is shorter than a mean
ingful corresponding word or abbreviation 
could be, we use the former (e.g., =CH2, 
=NH, -CN, K, F respectively for methylene, 
imino, carbonitrile, potassium or fluorine). In 
order to avoid three-line symbols, the positio
nal numbers of such formulas as =CH2 are 
appended to a bracketed symbol e.g. (CH2h6ß· 

The Main Parent Hydrocarbons 
(in order of precedence) 

Gonane = G 
Estrane = E 
Androstane = A 
Pregnane = P 
Cholane = CH 
Cholestane = CHT 

Ergostarre = ER 
Stigmastau = ST 
Cardanolide = CAR 
Bufanolide = BUF 
Spirostane = SP 
Other nuclei 

All ring modifications, other than those 
recognized above as parent hydrocarbons, are 
listed as derivatives at the end of each main 
category in this order: 

Heterocyclic steroids, cf. p. 777 
Nor-ring steroids = n (e.g., AnA = A-nor-

androstane, PnB = B-nor-pregnane). 
Homo= ho (e.g.,PhoD~D-homo-pregnane) 
Abeo =ab 
Cyclo = cyc 
Retro = ret 
Seco =sec 

Derivatives (in order of precedence) 

With each parent hydrocarbon, its imme
diate derivatives are classified in the following 
order: 

Isomerism: Isomerism at Cs is indicated by 
oa or oß following the symbol of the parent 
hydrocarbon (e.g., Aoa = 51X-androstane). 
Isomers are listed next to each other, IX before 
ß. For ring-isomers, cf. below. 

Unsaturation: -C-C- (an), e.g., A (for 
Androstane), 
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-C=C- (en), e.g., A4 (for Androst-4-ene), 
A4.6 (for Androsta-4,6-diene). 
The nurober of unsaturations is not indi

cated as it is evident from the positional 
number(s) in the superscript. Thus, A4,6 
suffices to indicate that we are dealing with a 
diene. [Not L11•2,etc.]. Cyclosteroids are also 
identified by superscripts, e.g., A3(5). The 
superscript numbers of triple bonds (-yn) are 
repeated (e.g., p20-2o). 

Alcohols: -OH (ol), e.g., Aoh7« (for 
Androstan-17oc-ol), 

Aol3P,l7ct (for Androstane-3ß,17oc-diol). 
[Not hydroxy, dihydroxy, etc.] 

Esters: -COIOHHj OC- (*), e.g., P*Bz"3,. 
*II"17P (for 3oc,17ß-Dihydroxypregnane 3-
benzoate 17 -acetate ). 

Esters are identified by an asterisk preced
ing the symbol of the acid, with which the 
steroid hydroxy group is esterified; they are 
listed immediately following the corresponding 
free alcohols. Since ester formation is possible 
only with alcohol groups, it is redundant to 
identify the position of each (the alcohol and 
acid) separately (cf. also below). [Not oxy 
(e.g., acetoxy) or "acid ester" (e.g., acetic acid 
ester)]. Esters of steroid acids are distinguished 
by placing the symbol for acid (") immediately 
after that of the steroid, before the asterisk 
(e.g., P"*IIol21 for 21-pregnanoic acidesterified 
with ethanol). 

Ketones: C=O (-on), e.g., E1·3·5 <10>ol3on17P 
(for 3-Hydroxy-1,3,5(10)-estratrien-17-one or 
estrone). [Not oxo, keto, one (with terminal 
"e") and the redundant indication of the 
nurober ofketone groups by dione, trione, etc.] 

Carboxylic acids: -COOH ("), e.g., P"n 
(for Pregnan-21-oic acid). Here the carboxyl 
group itself is considered to be part of the 
steroid skeleton, not an oxidized methyl side
chain on 21-norpregnane. However, a carboxyl 
which is not part of a recognized main parent 
hydrocarbon, but is attached to it by a C-C 
Iinkage, is written as an oxidized methyl side
chain (e.g., Al" 16,. for androstane 16oc-carboxylic 
acid). Carboxylic acids not attached to the 
steroid skeleton by C-C linkages, e.g., those of 
esters, are similarly identified (by "), e.g., 
I"= formic, III" = propionic, V"= pentanoic. 
Bz" = benzoic acid (cf. p. 778) for alkane 
symbols). [Not carboxylic acid or -oic acid.] 

Steroid acid esterified (e.g., P"*IIIohsct)· 

Steroid alcohol esterified (e.g., P*III"lsct). 
Ethers: -COIHHOIC- (6), e.g., OI, Oll, 

OPIII (for methyl, ethyl or propylethers). [Not 
methoxy or methyl ether.] 

0 
II 

Lactones: r-C-01 (-lac, -ylac), e.g., 

A4ID"ylacl7ctOlnp,l7on~9ct (for 9oc-Fluoro-
11ß,17 -dihydroxy -3-oxo-4-androstene-17oc
propionic acid y-lactone). 

Aldehydes: -CHO (-al), e.g., P4olnp,2I· 
on3,2oal1s (for 11ß,21-Dihydroxy-3,20-dioxo-
4-pregnen-18-al or aldosterone). As with the 
carboxylic acids, here the carbon bearing the 
aldehyde function is considered part of the 
parent hydrocarbon and is not derived from a 
methyl side chain. Otherwise, we would have 
the grotesque situation of deriving aldosterone 
from an 18nor, but 18 methylated pregnane. 

Hemiacetals, acetals, hemiketals and ketals: 
The symbols used for hydroxy and other groups 
(e.g., ol, OI) will be applied. 

H 
I 

Hemiacetals: R-C-OH (lf2acetal) reac-
1 
ORl 

tion product of an aldehyde with one alcohol 
group. 

H 
I 

Acetals: R-C-QRl (acetal, not abbre-
1 

OR2 

viated) reaction product of an aldehyde with 
two alcohol groups. 

Rl 
I 

Hemiketals: R-C-OH (lj2ketal) combina-
1 

QR2 
tion of a ketone with one alcohol group. 

Rl 
I 

Ketals: R-C-OR2 (ketal, not abbreviat-
1 
QR3 

ed) combination of a ketone with two alcohol 
groups. 

/0, 
/ ' 

Epoxy: C-C (regarded as ethers). 
An oxygen attached to two vicinal carbons, 
e.g., A Olct-2 (for 1,2oc-epoxy-androstane). 

Halo compounds: Br, Cl, F, i (-bromo, 
-chloro, -fluoro, -iodo), e.g., P4Cl~,. (for 9oc
Chloro-4-pregnene). Instead of "I" for iodine 
write "i" (e.g., p4f9,.) to avoid confusion with 
methyl, whose symbol is roman one. 

Nitrogen containing steroids: NH2 (for 
amino), NH (for imino), CN (for carbonitrile or 
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cyano). Thesesymbolsare used as such in SSS 
terms. However, symbols with subscript 
numbers (NH2) are bracketed. 

e.g., ANH17 (for 17·imino-androstane), 
PSCN16cxOlaj!On2o (for 3ß-Hydroxy-20-oxo-

5-pregnene-16oc-carbonitrile or PCN). All other 
N -containing steroids, including the alkaloids, 
belong to this group. The aza-steroids are listed 
last, in the heterocyclic category (cf. below). 

SuHosteroids: All thio compounds, e.g., 
/s .... , 

-SH (-thiol), 0-C epithio, (OS), thioether. 
Heterocyclic steroids: These are listed 

separately for each element replacing carbon 
in the ring structure. They are indicated by the 
chemical symbol of the substituent in brackets, 
followed by a subscript number identifying the 
position of the replaced ring carbon after the 
symbol of the parent hydrocarbon (e.g., 
A(02) for 2-0xa-androstane, P(Na) for 3-Aza
pregnane). 

Ring modiftcations: (cf. p. 775). 
Other non alkyl-substituted compounds: 

Here, we list all those non alkyl-substituted 
compounds for which no category has been 
foreseen above. 

Secondar;r Parent H;rdrocarbons 

All radioals attached to the parent hydro
carbon by a carbon-to-carbon linkage are 
considered to form "secondary parent hydro
carbons." They are written by attaching the 
symbol for the substituent following that of 
the parent hydrocarbon, both being under
lined (e.g., Aocxl17cx = 17oc-methyl-5oc-andros
tane). 

All alkyl derivatives, except those listed 
themselves as main parent hydrocarbons (e.g., 
17ß-ethyl-androstane = pregnane), are re
garded as alkyl derivatives of the latter. This 
includes even 17oc-ethyl-androstane whose 
essential difference from pregnane is further 
emphasized by attaching the side chain to the 
structure formula of androstane, not only by 
an alpha ( ... ) bond, but horizontally. 

The alkyl side-chains are enumerated: 
1. according to the increasing numbers of the 
carbon atoms to which they are attached on 
the skeleton of the main parent hydrocarbon 
and 2. according to increasing numbers of the 
carbon atoms they contain (methyl, ethyl, 
propyl, butyl, etc.). Saturated radioals are 
mentioned first, and those with double bonds 
in the order of increasing unsaturation. Tripie 
bonds (superscript position numbers bold
face e.g.: p~O) are mentioned after all 

multiple double bonds. Branched and ring
substituents are listed in the order of increas
ing complexity. (For corresponding symbols, 
cf. p. 778.) 

Among the aliphatic 17-alkyl-androstanes, 
onlypregnanes, cholanes, cholestanes, ergostane 
and stigmastau are regarded as special parent 
hydrocarbons because of their common 
occurrence. 

Order of Precedence in General 

The order of precedence for the above 
mentioned substituents is rigidly observed 
except in the first (underlined or boldface) 
portion of the SSS terms of secondary parent 
hydrocarbons. As previously stated, here all 
substituents attached to a side-chain are 
listed immediately after the positional number 
of the latter, to avoid subsequent repetition 
of the locant, e.g., A51"16ßlll17cx/on//IOlaß· 

When two or more identical substituents 
appear in the same molecule, all these must 
be enumerated before considering compounds 
possessing additional substituents mentioned 
later in the above list (e.g., all -enes before 
-dienes, before -trienes, etc.; all -ols before 
-diols, before -triols, etc.). Only after this do 
we proceed to compounds having an additional 
type of substituent (e.g., only after all mono
and polyols do we procede to -ones). 

All unsaturations (double, triple and cycliz
ing bonds) and substitution products are 
listed according to the ascending order of the 
a:llected carbons (e.g., in pregnanes 1-21). 
Ring modifications, such as contractions (nor), 
expansions (homo), openings (sec), etc. are 
listed in the order of the ring lettering (A-D). 

Computeri:~~ation 

Subscript and superscript notations are 
unsuitable for computerization but SSS names 
can be written in a single line without loss of 
precision. E.g., normally we write dehydro
epiandrosterone thus: A5oh7j!Ona and the 
corresponding 5oc saturated compound thus: 
Ao«oh7j!Ons. For computer use, these two 
steroids can be written respectively A5 ol 17 ß 
on 3 and A5oc ol17 ß on 3. 

The superscript position of a number follow
ing the symbol for the parent hydrocarbon 
(e.g., A5) merely facilitates its immediate 
recognition as a double bond. Similarly the 
subscript position of numbers helps to identify 
them as locants. But actually, this style is not 
indispensable if the constituent symbols are 
properly separated. The rule of "first what, 
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then where" makes it obvious that the "5" 
belongs to the "A", the "17 ß" to the "ol", 
and the "3" to the "on". The number 5 could 
only indicate a double bond; it would have 
to be followed by cx, ß, or ; if it were to derrote 
the steric position of the 5-hydrogen. Even the 
omission of underlining ( or boldface printing) 
of the parent hydrocarbon would not introduce 
any ambiguity. Greek letters such as cx, ß, or ;, 
can be written out as alpha, beta or xi, and the 
roman numerals can be composed by capitals 
on computers, just as on typewriters that do 
not have corresponding signs. The use of 
capital and small letters is likewise not neces
sary, but it helps rapid reading and is recom
mended for those who have the appropriate 
modern computer equipment. 

Chemical Symbols 

= sign of separation. To be used at 
discretion of codifier, wherever two 
adjacent symbols might be read as one 
( e.g., on4, 6)-

Substituents Methyl Ethyl 
Formic Acetic 

Alkanes, normal I II 
Alkanes, branched 

Alcohols I ol II ol 
Acids I" II" 
Aldehydes Iai Ilal 

Esters *I *II 
Ethers BI Oll 

* 
B 

= ester (precedes symbol of acid. E.g.: 
*111 = propyl ester). 

= ether (precedes symbol of alkyl. E.g.: 
BI = methoxy or methyl ether). 

A = androstan (for symbols of other parent 
hydrocarbons, cf. p. 775). Only parent 
hydrocarbons and aii alkyls attached to 
them by carbon-to-carbon linkages are 
hold face (E.g.: AIII17 ph.xol4ß0nu = 
17 ß-propyl-2cx-methyl androstane with 
4ß-alcohol and 11-keto groups.) 

f,f / = successive Ievels (subdivisions) in a code, 
obviating the need for more than one 
subscript line (e.g., 2-methylbutane = 
IVI/2). The successive Ievels of more 
complex branchings coded according to 
the general formula: RR'/2//R"/1/3 (e.g., 
2(3-methylbutyl)-heptane = 
VII IV /2//1/1/3 . ) 

( ) = brackets are used to enclose symbols 
with subscript numbers which might be 
confused with locants, e.g., (NH2), 
(CH2). 

Propyl Butyl 
Propionic 

111 IV 
1111/2 IVI/2,3 

(2-methyl- (2,3-dimethyl-
propane) butane) 

111 ol IV 1 l Symbol>< ur.ido oham. 
111" IV'? boundtoringbycarbon-

lila I IVal to-carbon linkages, fol-
low roman numerals. l Symbol• of group• 

*111 *IV bound to ring by 
Bill BIV oxygen, precede 

roman numerals. 

The 92 carbonitriles of Table 135 have been arranged according to the increasing 
number of the skeletal carbon atoms to which the -CN groups or -CN-bearing 
side-chains are attached. A few additional steroids, other than nitriles (Cpds. 93-99) 
are listed in arbitrary order. 

The most potent catatoxic steroids against both substrates of this test were 
those bearing a 2cx- or 16cx-carbonitrile group. Among these, several showed potency 
against one or both substrates at individual dose levels as low as 100 [Lg or even 
30 [Lg. In general, protection agairrst indomethacin was more readily obtained than 
agairrst digitoxin. 
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Table 135. First step: Screening of steroids against digitoxin and indomethacin intoxication 

Group 

CN 1, ~. s Steroid Carbonitriles 

1 Ok 

IM433bw
113 NC 

l CH, 

0 : 
A 

2 Nlt;H.m 
IM427 m-

it 

3 HO 

IM 364 IC. ........_~~Ha :w 
Ha(: Clfa 

4 OH 

IM568 ~ 
NoC CH, ... 

0 . 
H, ''CH:o 

~ ... u 
H 

8 0 

IM365 ........ <;~ NCw--
'1 CH3 
IM367 l.,...o] 

ß 

Steroids 

17 ß-Hydroxy-3-oxo-5a.-androstane-
1a.-carbonitrile acetate (SC-16027) 

AöcxCNtot *II"t7jj0na 

17 ß-Hydroxy -3-oxo-5a.-androstane-
1a.-carbonitrile (SC-16026) 

17ß-Hydroxy-4,4,17-trimethyl-3-
oxo-5-androstene-2a.-carbonitrile. 
Trimethylandrostenolone carbonitrile, 
"TMACN" (Winthrop) 

Dose Digi- Indo
(mg) toxina. metha

cina. 

0.5 

0.5 

10 
0.5 
0.1 
0.03 

0 

0 

3 
2.5 
2 
0 

0 

0 

3 
3 
2 
0 

17 ß-Hydroxy-4,4-dintethyl-3-oxo- 0.5 2 
5-pregnene-2a.-carbonitrile (U-26854) 0.03 0 

0.5 

A Sf4,4CN2"oh 711ona 

17 ß-Hydroxy-Sa.-androst-2-ene-
3-carbonitrile (Lepetit) 

17 -Oxo-5a.-androst-2-ene-
3-carbonitrile (Lepetit) 

20,20-(Ethylenedioxy)-5ß-pregn-2-
ene-3-carbonitrile (Lepetit) 

10 
0.5 

10 
0.5 

10 

0.5 
0 

2 
0 

0 

2 
0 

2 
0 

0 

a. For details, see Digitoxin and Indomethacin in the Iist of techniques used to produce 
and appraise various types of damage. 

b Underneath the serial number of the compounds, the "IM" numbers (for Institut de .Me
decine et de Chirurgie experimentales) are mentioned. These identify steroids in our collection 
and remain the same in all Tables as weil as in other publications from this Institute. 
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Table 135 ( continued) 

Group Steroids Dose Digi- Indo-
(mg) toxin" metha-

ein" 

8 c;tla 20,20-(Ethylenedioxy)-5a.-pregn- 10 0.5 2 
IM366 

~] 
2-ene-3-carbonitrile (Lepetit) 0.5 0 2 

Pi tx2CNa8,6II2o 
0.03 0 

NC A 

9 Oll 17 ß-Hydroxy-3~-amino-5a.-andro- 0.5 0 0 
IM424 

ctSD 
stane-3-carbonitrile (SC-13265) 

AitxCNao<>h7P(NH2)a 

Ne ..... 
Mie H 

CNs 

10 ~ 
17 ß· Hydroxy -3-oxo-5ß-androstane- 10 0 0 

IM420 Ha 5-ca.rbonitrile (SC-13389) 0.03 0 0 
0.015 0 0 

AlißCNsoh7tJOns 0.005 0 0 
0.001 0 0 

11 

~ 
17 ß-Hydroxy-3-oxo-5a.-a.ndrostane- 0.5 0 0 

IM434 5-carbonitrile (SC-13269) 

AitxCN5oh7tJOns 

0 

12 C&CH 31X,17 -Dihydroxy-5a.,17a.-pregn- 0.5 0 0 
IM432 

~ 
20-yne-5-carbonitrile (SC-13675) 

Ai tx CNoii1-117cxOlacx.17 

HO"" 
tN 

13 17 -Hydroxy -3,20-dioxo-5a.-pregnane- 0.5 0 0 
IM431 5-carbonitrile acetate (SC-13795) 

~~ PitxCN5*Il" 17ons.2o 

0 
CN 

14 ~ 5~-Cyano-17 -hydroxy-17a.-(2-methyl- 0.5 0 0 

IM~~ 
allyl)-estra.n-3-one (SC-13969) 

Eil; CNolll217cxfl//2oh ?Ona 
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Table 135 (continued) 

Group 

lö ~ 

m~y· 

CN 

~m~ 

"~ IM426 H 

N 

:! ... ~ 
CN 

~m~ 
!0 
IM421 

CNs 

lU 
IM449 

Steroids Dose Digi- Indo-
(mg) toxina metha-

cina 

5ß-Cyano-17 -hydroxy-17a:-(2-methyl- 0.5 0 0 
allyl)-estran-3-one (SC-14373) 

EößCN5ffi2171Z/I//zOh7ong 

17 -Hydroxy-3-oxo-19-nor-5ß,17a:- 0.5 0 0 
pregn-20-yne-5-carbonitrile (SC-13823) 

Eö(aCN&ll1-117,.ol17ong 

17 ß-Hydroxy-17 -methyl-3-oxo-5ß· 
androstane-5-carbonitrile (SC-13754) 

Aößi17,.CN5ol17ong 

17 ß-Hydroxy-17 -methyl-3-oxo-5a:-
androstane-5-carbonitrile (SC-13503) 

Aö cd17,.CN5ol17ong 

17 ß-Hydroxy-3-oxo-5ß-androstane-
5-carbonitrile propionate (SC-14175) 

AößCN5*Ill"17j10na 

17 ß-Hydroxy -3-oxo-5a:-androstane-
5-carbonitrile propionate (SC-14174) 

Aö e~tCN5*Ill" 17j10Da 

3ß,5a:-Dihydroxy-20-oxopregnane-
6ß-carbonitrile (Syntex) 

0.5 0 0 

0.5 0 0 

0.5 0 0 

0.5 0 0 

0.5 0 0 
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Table 135 (continued) 

Group 

22 
IM455 

24 
IM457 

3 

f:zl{ CN 
Cl 

Cti,QAc 

CH,QAc 

~=0 
t;H, - o".,,cH• 

•·O""" ... CH3 

21) CH20Ac 

IM458 I 

~4 
26 
IM459 

CN1s 

CN 

i' 

.~·• .. ,.J&··OAc 
~OW 

Cll 

2? YH· 

ma<•$~ 

Steroids Dose Digi- Indo
(mg) toxina metha

cina 

3-(2'-Chloroethoxy)-6-cyano-90(-fluoro- 0.5 
3,5-pregnadiene-160(, 170(,21-triol-11, 
20-dion-21-acetate-16,17 -acetonide 
(Farmitalia) 

0 

p3,5CNa*II"21onu,zo8IIaflfC1//2 
8811sa-17/I,IF9a 

3-(2'-Chloroethoxy)-6-cyano-90(
fluoro-3,5-pregnadiene-11ß,160(,17 0(, 
21-tetrol-20-one-21-pivalat-16,17-
acetonide (Farmitalia) 

P3•5CNsolufl*III" 21/I//2,zon2o 
8 IIa/CI//2 881sa-17JI,I F 9a 

3-(2' -Chloroethoxy)-6-cyano-90(
fluoro-3,5-pregnadiene-11ß,160(,17 0(, 
21-tetrol-20-one-21-acetate-16,17-
acetonide (Farmitalia) 

pa.5CNsolufl*II"21 onzo 
8Ila/CI//28811sa-17JI,IF9a 

0.5 0 

0.5 0 

3ß,11ß,170(,21-Tetrahydroxy-20-oxo- 0.5 
3,5-pregnadiene-6-carbonitrile 3-me-

0 

thyl ether, 21-acetate (BDH) 

p3,5CNaolufl,17a*II"210nzo8Ia 

3,160(-Dihydroxy-20-oxo-3,5-pregn
adiene-6-carbonitrile 3-methyl ether, 
16-acetate (Glaxo Canada Ltd.) 

p3,5CN 6 *II"1saonzo8Ia 

3ß-Hydroxy -20-oxo-5-pregnene-160(
carbonitrile (SC-4674), (U-14975) 
Pregnenolone carbonitrile "PGN" 

P5CN1saolapon2o 

0.5 0 

10 3 
1 3 
0.5 3 
0.2 3 
0.1 3 
0.03 2 
0.015 0 

1 

0 

0 

0 

3 
3 
3 
3 
3 
3 
0 
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Table 135 (continued) 

Graup Steraids Dose 
(mg) 

28 ~H3 3ß-Hydroxy-20-oxo-5-pregnene-16oc- 0.5 
IM413 

9 
carbonitrile acetate (U-34889, Syntex) 0.1 

29 
IM483 

30 
IM478 

31 
IM476 

32 
IM479 

33 
IM444 

M 
IM423 

···CN Pregnenolone carbonitrile acetate 
3 "PGN-ac" 

k 
P5CNtsot*ll" aß0n2o 

&!o 
3ß-Hydroxy-20-oxo-5-pregnene-16oc-
carbonitrile 3-sulfate ammonium salt 

N (U-378630) 
"PGN-ammonium 81ilfate" 

.•• cN 

'\'2"' 
P5CNtsot*(S''NH4)aßOn2o 

ONHc 

3ß-Hydroxy-20-oxo-5-pregnene-16oc-?'> 
~ =bonitn1e3(1'""""'""""'"i 

··CN(U-36789) 
"PGN-adamantoate" 

@8- P5CNtaot*adamantoateall on2o 

~~0 

#" 
I o= c-c.~~<-co.Na 

&'! p 
oJ.<CI'>>.-CIIa 

.•CN 

3ß-Hydroxy-20-oxo-5-pregnene-16oc-
carbonitrile 3-hemisuccinate sodium 
salt (U-36278A) 
"PGN-hemisuccinate sodium" 

P5CNtaot *lj2suc"Naaß(>n2o 

3ß-Hydroxy -20-oxo-5-pregnene-16oc-
carbonitrile 3-heptanoate (U-37001) 
"PGN-heptanoate" 

P5CNt6ot *Vll" sß0n2o 

3ß,20-Diliydroxy-5-pregnene-16oc-
carbonitrile (Syntex) 

P5CNtaotolall,20 

3ß-Hydroxy -7 ,20-dioxo-5-pregnene-
16oc-carbonitrile (SC-6813) 

0.03 
0.015 

0.5 
0.03 
0.015 

0.5 
0.03 

0.5 
0.03 
0.015 
0.005 

0.5 
0.03 
0.015 

0.5 
0.1 
0.03 

0.5 
0.03 

Digi- Indo-
toxina metha-

2.5 
0.5 
1 
0 

3 
3 
1 

0.5 

3 
2.5 
2 
0 

3 
1 
0 

1.5 
1 
0 

3 
0 

cin3 

2 
2 
1.5 
0 

3 
3 
0.5 

3 
0 

3 
3 
1.5 
2 

3 
1.5 
0 

3 
1.5 
0 

1.5 
0.5 



784 Synopsis of Phannaco-Chemical and Phannaco-Phannacologic Interrelations 

Table 135 ( continued) 

Group 

31) 
IM429 

36 
IM474 

37 
IM411 

38 
IM418 

39 
IM464 

40 
IM462 

41 
IM482 

ywa 
CO 

k~-~ 
H 

~ 

AcO & 
CN 

Steroids 

3ß-Hydroxy-7 ,20-dioxo-5-pregnene-
16a-carbonitrile acetate (SC-6703) 

P5CN16,.*1I"aß0n7,2o 

Dose Digi- Indo
(mg) toxina metha

cin3 

0.5 
0.03 

3 
0 

2 
1.5 

4,4-Dimethyl-3,20-dioxo-5-pregnene- 0.5 0.5 3 
0 16ot-carbonitrile (U-35641) 0.03 

P5.4,4CN l6<1ona.2o 

3,3-(Ethylenedioxy)-11,20-dioxo-5-
pregnene-16ot-carbonitrile (U -35006) 

P5CN16Clonu,2oOOIIa,a 

3ß-Hydroxy-11,20-dioxo-5ß· 
pregnane-16a-carbonitrile acetate 
(U-34575) 

P 6 ß CN l6Cl *II" ap<>nu,2o 

16a-Cyano-5-pregnene-3ß,20ß-diol 
diacetate (SC-5482) 

P5CN 16ot *II" ath20P 

3ß-Hydroxy -20-oxo-5-pregnene-16a-
carbonitrile,20-oxime (U -37722) 

PSCN16ClolapNOH2o 

3ß-Hydroxy-20-oxo-5-pregnene-16ot· 
carbonitrile,20-methyloxime 
(U-37694) 

P5CN16Clolap(NOCHa)2o 

0.5 2.5 2 
0.1 2.5 2 
0.03 0 1.5 
0.015 0 1.5 

0.5 2.5 2 
0.1 2.5 2 
0.03 0 1.5 
0.015 0 1.5 

0.1 0 2 
0.03 0 

0.5 3 3 
0.03 2.5 3 
0.015 0.5 1 
0.010 0 

0.5 1 1.5 
0.03 1.5 0 
0.015 0 
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Table 135 (continued) 

Group 

4! 
IM414 

43 
IM445 

44 
IM412 

46 
IM475 

46 
IM:461 

47 
IM481 

~~ 
... cN 

c,H:.,~H, 

~-"' 
<;H, 

~~ 

$" 

48 ~H, CH, 

IMOW ~ ... CN 

......... CH, 

Oll 

Steroids 

20,20-(Ethylenedioxy)-3ß-hydroxy-
5-pregnene-16cc.-carbonitrile 
(U-19553) 

P5CNt&aolap00112o 

3ß-Hydroxy -20,20-ethylene-dioxy-
5-pregnene-16cc.-carbonitrile acetate 
(Syntex) 

pscN16a *II" apOOII2o 

3,3,20,20-Bis-ethylenedioxy-11-oxo-
5-pregnene-16cc.-carbonitrile 
(U-35910) 

Dose Digi- Indo-
(mg) toxina metha-

cin3 

0.5 2.5 2 
0.1 2 2 
0.03 0.5 1.5 
0.015 0 0 

0.5 1.5 3 
0.1 0 1.5 
0.03 0 0 

0.5 2.5 2 
0.1 0 2 
0.03 0 1.5 

------------ 0.015 0 0 

3,20-Dioxo-4-pregnene-16cc.-carbo- 0.5 1.5 3 
nitrile,20-cyclic(2' ,2' -dimethyltrime- 0.03 0.5 0 
thylene acetal) (U-35655) 

p4CNt&aOna001112o/I//2,2 

3ß-Hydroxy-20-oxo-5-pregnene-16cc.- 0.5 2 3 
carbonitrile, cyclic(2,2-dimethyl- 0.03 2 0 
trimethylene acetal) (U-36961) 0.015 0 

P5CN 16aolap001112o/II/2, 2 

4,4-Dimethyl-3,20-dioxo-5-pregnene- 0.5 0 0 
16cc.-carbonitrile,20-cyclic(2'2' -di-
methyltrimethylene acetal) (U-37542) 

P5J4,4CN 16aOna001112o/II/2,2 

6ß-Hydroxy -20-oxo-3cc.,5cc.-cyclo- 0.5 1 3 
pregnane-16cc.-carbonitrile, 0.03 0 0 
cyclic(2' ,2' -dimethyltrimethylene 
acetal) (U-37483) 

p3a(5) 6 a CNteaolep001112o/II/2,2 
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Table 135 (continued) 

Group 

49 
IM477 

50 
IM466 

51 
IM471 

52 
IM470 

53 
IM395 

54 
IM392 

YH' 

.oY5~ 

CH30 

O=r-CHa. 

° CN 
CH3 

5ß CN 

IM377 •• c:DfS" 
H 

Steroids 

6ß-Hydroxy-20-oxo-3oc,5oc-cyclo
pregnane-16oc-carbonitrile (U-36710) 

P3ot(S) 5otCNl6otOls11on2o 

16oc-Cyano-4-pregnene-3,20-dione 
(SC-4688) 

P4CN1s"'on3,20 

16oc-Cyano-3-hydroxy -3,5-
pregnadiene-7 ,20-dione (SC-6963) 

P3·5CN1s"'ol3on7 ,2o 

16oc-Cyano-3,5-pregnadiene-7, 
20-dione (SC-6786) 

3-Methoxy-16-methyl-17 -oxo-estra-
1,3,5(10)-triene-16~-carbonitrile 
(Roussel) 

17 ß-Hydroxy-3-methoxy-16-
methylestra-1,3,5(10)-triene-16ß
carbonitrile acetate (Roussel) 

3oc-Hydroxy-5ß-androstane-17 ß
carbonitrile acetate (Roussel) 

Dose Digi- Indo
(mg) toxina metha

cina 

0.5 
0.03 

2 
0 

0.1 3 
0.015 0 

0.1 0 

0.1 0 

0.5 0 

0.5 0 

0.5 0 

3 
0 

0 
0 

0 

0 

0 

0 

3oc,17 -Dihydroxy-5ß-androstane-17 ~- 0.5 
carbonitrile 3-acetate (Roussel) 

0 0 
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Table 135 ( continued) 

Group Steraids Dose Digi- Indo-
(mg) toxin" metha-

ein" 

l'i'i 17 -Cyano-3oc.-hydroxy -11-oxo-5ß- 0.5 0 0 
IM369 androstane-17 ß-malononitrile 

(Roussel) 

Al'i ßll711/CN//1,1 CN17ola"'onn 

HO'' 

l'i8 

~~ 
3ß,17 -Dihydroxy-16ß-methyl-5oc.- 0.5 0 0 

IM382 androstane-17 ;-carbonitrile 
(Roussel) 

Al'icd1611CN17olap,17< 
H 

l'i9 y 17 -Hydroxy -3,11-dioxo-4-androstene- 0.5 0 0 
IM374 17 ;.carbonitrile (Roussel) 

• A4CN17ol17.;ona,n 

60 

Cf5Ü 
3oc.-Hydroxy -5ß-androst-16-ene- 0.5 0 0 

IM378 17 -carbonitrile acetate (Roussel) 

• Al'i ß 16CN17*II" aot 

Iod)''' 
H 

61 CN 3-0xo-4, 16-androstadiene-17 · 0.5 0 0 
IM389 

~ 
carbonitrile (Roussel) 

A4,16CN17ons 

62 

~ 
3ß-Hydroxy-5,16-androstadiene- 0.5 0 0 

IM396 17 -carbonitrile acetate (Roussel) 

A5•16CN17*II" ap 

foi;;O 

3 

63 3,3-(Ethylenedioxy)-17 -hydroxy • 0.5 0 0 
IM390 5-pregnene-17 ß-carbonitrile 

(Roussel) 

A5CN17otOh7001Ia 

64 

k~ 
3-Hydroxy-1,3,5(10),16-estratetraene- 0.5 0 0 

IM380 17 -carbonitrile acetate (Roussel) 

E1,3,5(10)16CN17*II" 3 
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Table 135 (continued) 

Group Steroids Dose Digi- Indo-
{mg) toxina metha-

cina 

61) 

~ 
3-Methoxy-1,3,5{10),16-estratetraene- 0.5 0 0 

IM400 17 -carbonitrile {Roussel) 

E1,3,5(10Jl6CN170Ia 

fiaCO 

66 NC...._)=N 
17 -Cyano-3ß-hydroxy-5-androstene- 0.5 0 0 

IM417 CH 17 ß-malononitrile {U-28406) 

~· Ha A 5117fl/CN//1,1 CN17olafl 

HO 

67 CN 17 -Hydroxy -3-oxo-4-androstene-17 ~- 0.5 0 0 
IM391 R"' carbonitrile acetate {Roussel) 

A4CN17*II" 17<0na 

68 CN 17 -Hydroxy-3, 11-dioxo-4-androstene 0.5 0 0 
IM375 

~ 
1 n-carbonitrile acetate {Roussel) II 

0 

A4CN17*II" 17~ons.n 

0 

16-Side chain CN 
69 fH> 160(-Cyanomethyl-3ß-hydroxy- 0.5 0 0 
IM469 

~ 
5-pregnen-20-one {SC-6939) 

~ .. ."", P5JCN l6otolaflon2o 

70 ~Hl 160(-Cyanomethyl-4-pregnene- 0.5 0 0 
IM472 C•O 3,20-dione (SC-7097) 

.~·- P4ICN1a"ona,2o 

n CH, O(-Cyano-3ß-hydroxy-20-oxo- 10 0 0 
IM409 to 5-pregnen-160(-acetic acid ethyl ester 

% ~OOC2H5 
{SK & F) 

P511" 16ot/CN//2*IIol//f1olafJOn2o 

••• CH-CN 

17-Side chain CN 
72 

~ 
30(-Hydroxy-5ß-androstan- 0.5 0 0 

IM381 

ff 
17 ß-acetonitrile {Roussel) 

Ali ßiCN17fJOla"' 

H 
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Table 135 (continued) 

Group Steroids Dose Digi- Indo-
(mg) toxin a. metha-

cina. 

'13 CHa 3oc,20-Dihydroxy-5ß-pregnane- 0.5 0 0 
IM383 

~ 
20;-carbonitrile 3-acetate (Roussel) 

• P Ii {3CN2ooboo*II" a"' 

Aco·· 
H 

'14 0 20-Cyano-3oc-hydroxy-5ß-pregn- 0.5 0 0 II 
IM371 y-o-c.H, 17(20)-en-21-oic acid acetate 

NC-C ethyl ester (Roussel) 

~ P Ii ßl7 (20l"CN 20 *II" ap*IIol21 

Aco··· 

• 

H 

?Ii 
7H2 

20-Cyano-3oc-hydroxy-11-oxo-24-nor- 0.5 0 0 
IM376 <>==y 5ß-cholan-21-oic acid amide 

# 
(Roussel) 

3 
CHn (24) Ii ß CN2oola"onu(CONH2)2o 

HO··· 
H 

'16 0 3ß,20,21-Trihydroxy-5ß-pregnane- 0.5 0 () 

IM388 rH.-o--ll-<Ha 20~-carbonitrile 3,21-diacetate 

a 
(Roussel) 

Ha 
P Ii ß CN2ooboe*II" 3tl,21 

Ac 
H 

'1'1 yHa 3oc,20;-Dihydroxy -11-oxo-5ß- 0.5 0 0 
IM403 HO•C•CN pregnane-20~-carbonitrile 3-acetate 

ci)D (Roussel) 

P Ii ß CN2ool2oo*II" a"onu 

Aco·· H 

' 

'18 N~oo-c2Hs 20-Cyano-3oc-acetoxy -11-oxo- 0.5 0 0 
IM401 H5C2- 24-norcholan-21-oic acid ethyl ester 

cj5D 
(Roussel) 

CHn(24) Ii {3"CN2o*II" a«*IIol21onu 

Aco··· 

3 

H 

'19 :=-t-otf 20-Cyano-3oc-hydroxy-5ß-pregnan- 0.5 0 0 
IM398 21-oic acid (Roussel) 

~~ 
H 

P Ii ß" 21 CN 2ool3« 
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Table 135 (continued) 

Group Steroids Dose Digi- Indo-
(mg) toxina metha-

cin6 

80 

d 
3rt-Hydroxy-11-oxo-5ß-androstan- 0.5 0 0 

IM385 17 ß-acetonitrile acetate (Roussel) 

3 Ali ßiCN171l*II" a .. onu 

N.o··· 
H 

81 3ß-(Tetrahydropyran-2-yloxy)- 0.5 0 0 
IM384 5ß-androstan-17 ß-acetonitrile 

(Roussel) 

A li ß ICN17 /l(ltetrahydropyranyla!l/Ol1f2 

82 NC-C-CN 3oc.-Hydroxy -11-oxo-5ß-androstane- 0.5 0 0 
IM406 cf)ß ,117.malononitrile (Roussel) 

Ali ß17<20l117/CN//l,lola .. onu 

HO' 
.. 

H 

83 3oc.-Hydroxy-11-oxo-5ß-androstan- 0.5 0 1.5 CH-CN 
IM393 

cr;P 
,117.acetonitrile acetate (Roussel) 

3 Aliß17(20liCN17ct*II"actonu 

At;o··· 
H 

84 O=yo-CHz-CHa 20-Cyano-3oc.-hydroxy -11-oxo-5ß- 0.5 0 0 
IM408 

cf5D 
pregn-17(20)-en-21-oic acid acetate 
ethyl ester (Roussel) 

Ha 
Pli ß17(20l"CN2o*IIa .. *IIol21onu 

N.o··· 
H 

8li oy--()11 20-Cyano-3oc.-hydroxy-11-oxo-5ß- 0.5 0 0 
IM405 NC-C pregn-17(20)-en-21-oic acid (Roussel) 

~ 
Pli ß17 (20)" 21 CN2oola .. onu 

HO''' 

3 

H 

86 '" lHa 3oc.-Hydroxy-11-oxo-5ß-pregn- 0.5 0.5 1.5 
IM394 

~ 
17(20)-ene-20-carbonitrile acetate 
(Roussel) 

3 
Pli ß17(20lCN2o*II" a .. onu 

AcO''' 



First Step: Screening of Steroids Against Digitoxin and Indomethacin Intoxication 791 

Table 135 (continued) 

Group Steroids Dose Digi- Indo-
(mg) toxina metha-

cina 

87 o=ro-c~~o-cH3 20-Cyano-3ß-hydroxy -5-pregnen-21- 0.5 0 0 
IM404 HC-CN oic acid acetate ethyl ester (Roussel) 

~ 
P5"CN2o*llol21 *II" 3il 

3 

88 0 20-Cyano-3ß-hydroxy-5,17(20)- 0.5 0 0 
IM373 II pregnadien-21-oic acid 3-acetate T-o-c,Hs 

c-CN ethyl ester (Roussel) 

~ 
P5•17 <20>"CN2o*llol21 *II" 3il 

AcO 

3 

89 CH3 
20-Hydroxy-3-oxo-19-norpregna- 0.5 0 0 

IM407 

,~~ 
4,9,11-triene-20;-carbonitrile 
(Roussel) 

Pn 194• 9•11CN2o<0l2oons 

90 3oc-Hydroxy-5ß-androstan-17 ß- 0.5 0 0 
IM399 glutaronitrile acetate (Roussel) 

P 5 ß CN21ICN2o*ll" a" 

A 

91 0 21-Cyano-3ß-hydroxy-5oc-pregn-20- 0.5 0 0 
IM402 Nc-c--l!-o-c,Hs ene-21-carboxylic acid ethyl ester 

II CH (Roussel) 

~ P 5 a:201" 21/*no1CN21olap 

il 

3 

92 0 21-Cyano-3oc-hydroxy-5ß-pregn-20- 0.5 0 0 

IM370 Nc-c-l!-o-c2Hs ene-21-carboxylic acid ethyl ester 
II (Roussel) CH 

c:rsn P 5 (3201" 21/*rioiCN21ola" 

HO··· 

3 

H 

51 Selye, Hormones and Resistance 
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Table 135 (continued) 

Group 

Other Aetive Steroids 

93 CH3 

~~~ 

94 
IM446 

THa 
CO 

~1~. 

95 
IM304 

97 
IM454 ~,, 

AcO H 

99 0 
IM 527 91,o-~ 

_7H~ ~~ m--~~. 

Steroids Dose Digi- Indo
(mg) toxin3 metha

cin3 

3ß,20-Dihydroxy-17<X-pregn-5-ene- 0.5 1.5 3 
16ß-carboxylic acid (Syntex) 0.1 0.5 0 
----------- 0.03 0 0 
A 51" 16ßlll7cx/olf/1 olgp 

3ß-Hydroxy-20-oxo-17<X-pregn-5-ene- 0.5 
16ß-carboxamide (Syntex) 0.1 

A 5III7cxfon//l ( CONH2haotolap 

3-Methoxy-19-nor-17<X-pregna-
1,3,5(10)-trien-20-yn-17-ol (Lilly) 
Mestrarwl 

10 
0.5 

17-Hydroxy-4-aza-1701:-pregnan-3-one 10 
(Organon) 0.5 

A (N4 )II17cx0l170llg 

16<X,17 -Dihydro-3'H-cyclopropa 
(16,17)-5<X-androstane-3ß,17 ß-diol 
diacetate (SC-21940) 

A5all6cx-17*II" 3ß.l7 

3<X-Hydroxy-11-oxo-5ß-androstane-
17 ß-malonic acid (Roussel) 

10 
0.5 

0.5 
0.03 

0 
0 

0 

1.5 
0 

3 
0 

0 

9<X-Fluoro-16<X-methyl-11ß,17,21- 0.5 0 
trihydroxy-1,4-pregnadiene-3,20- 0.03 
dione 21-sodium m-sulfobenzoate 
Dexamethasone sodium m-81Jlfobenzoate 
(B.R.L.) 

1.5 
0 

3 
0 

3 
0 

0 

1.5 
0 

1.5 
0 
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Cpd. 54, the only 16ß-carbonitrile of our series, as weil as Cpd. 53 in which the 
steric position of the 16-carbonitrile is unknown, were inactive in protecting against 
either substrate, even at the dose Ievel of 500 !Lg. Cpds. 69-71 in which the -CN 
group is attached to a 16oc-side-chain (rather than to the 016 carbon of the steroid 
skeleton itself) showed no protective activity, even at the dose of 10 mg. On the 
other hand, it is hardly coincidental that among 28 16oc-carbonitriles tested (Cpds. 
27-54) all but three (Cpds. 47, 51, 52) were active, and most ofthem even at very 
low dose Ievels. This suggests that the attachment of a -CN group in the 16oc
position directly to the steroid skeleton is very favorable forthistype of protective 
effect; the configuration of the rest of the steroid molecule, though capable of in
fluencing the degree of activity, is of much lesser importance. 

It is known from our previous work that a carbonitrile group in position 2oc 
(e.g., Cpd. 3, TMACN) is also compatible with high catatoxic activity against a 
variety of substrates; additional evidence justifying this conclusion is given in 
Tables 135, 136. 

Carbonitrile groups in position 3, may or may not convey some potency (Cpds. 
5-9), but steroids with carbonitriles attached to C1 (Cpds. 1, 2), Cs (Cpds. 10-20) 
or 06 (Cpds. 21-26) were uniformly inactive at all dose Ievels tested. 

Carbonitrile substitution at C17, C2o, C21 or in side-chains resulted in no remark
able catatoxic potency at the dose Ievels tested, with the exception of Cpds. 83 and 86 
which were moderately effective in this respect at the dose Ievel of 500 !Lg. 

Among the steroids of Table 135 other than carbonitriles (Cpds. 93-99), special 
interest is attached to Cpd. 96 (an aza-steroid), Cpd. 95 (mestranol), a strong folliculoid 
used in anticonceptional pills, and Cpd. 93 (a 16ß-carboxylic acid) all ofwhich showed 
some catatoxic activity at comparatively high dose Ievels. This degree of activity is 
of little practical significance, but it is interesting that a heterocyclic aza-compound, 
a 16ß-carboxylic acid and a folliculoid can possess some catatoxic potency. 

Finally, it is noteworthy that (except for the moderate potency of Cpd. 93) all 
16-carboxylic acids (Cpds. 66, 67 and 69 in Table 135A) are devoid of catatoxic 
potency against both substrates. Apriori, the possibility could not have been excluded 
that nitriles are metabolized in vivo into the corresponding carboxylic acids and that 
the latter would be responsible for catatoxic activity, but this does not appear tobe 
the case. 

Additional inactive steroids are listed in Table 135A cf., p. 794. 

First Step: Synopsia ofall500 Steraids Testedfor Their 
Ability to Prevent Digitoxin and lndomethacin lntoxication 

The preceding tables summarize our hitherto unpublished data on the protection 
by steroids, and particularly by carbonitriles, against digitoxin and indomethacin 
intoxication. However, in order to obtain a proper overview of this field, the following 
list summarizes the results obtained with all 500 steroids tested up to now, cf. Table 
135B, p. 807. It will be kept in mind that all these experiments were performed un
der essentially identical conditions as outlined on p. VIII and in earlier publications 
(Selye G 70,421/70, G 70,480/71). Since no other laboratory has published comparable 
data on the detoxication of digitoxin and indomethacin by steroids, the list is assumed 
to be a reasonably complete inventory of all steroids tested for this effect and 
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Table 135A. First step (Gtd.): Other inactive steroids. (Tested at 0.5 mg dose Ievel unless other
wise stated) 

1 
IM 522a 

2 
IM 505 

3 
IM504 

4 
IM 506 

I) 

IM 513 

6 
IM 507 

7 
IM 509 

8 
IM 510 

0 

~ riS·C~-C/13 

HO~ 

17 ß-Hydroxy-4-estren-3-one 17-trichloro
acetate 19-N ortestosterone trichloroacetate 
(Bio. Research Lab.) (B.R.L.) 

E4 *II"1711/CI/f2,2,2 ona 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17-tribromoacetate (B.R.L.) 

E1•3•5<10l ola *II"1711/Br/12,2,2 

3,17 ß-Dihydroxy-1,3,5( 10)-estratriene 
17 -trichloroacetate 
(B.R.L.) 

E1•3•5<10l ola *II"1711/CI/f2,2,2 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 17-trifluoro
acetate 
(B.R.L.) 

E1•3•5<10l ola *II"17ß/F/f2,2,2 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -[2' -hydroxy ]propionate 
(B.R.L.) 

E1•3•5<10> ola *III"1711/ol/12 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -[2' -hydroxy-2' -methyl]propionate 
(B.R.L.) 

E1·3·5<10l ola *III"17ß/Iol/f2 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17-pentanoate 
(B.R.L.) 

E1·3•5<10l ola *V"1711 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -heptanoate 
(B.R.L.) 

E1,3,5(10J ola *VII"17ß 

a Underneath the serial nurober of the compounds, the "IM" numbers (for Institut de Mede
cine et de Chirurgie experimentales) are mentioned. These identify steroids in our collection and 
remain the same in all Tables as weil as in other publications from this Institute. 
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Table 135 A ( continued) 

9 
IM 511 

10 
IM 512 

11 
IM 508 

12 
IM 519 

13 
IM 518 

14 
IM 514 

11) 
IM 516 

16 
IM 515 

l'i 
IM 517 

q 

roD~'~'· 
HO 

0 

$~ 

~~ 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -palmitate 
(B.R.L.) 

El,3,5(10J ola *XVI"l71l 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -benzoate 
(B.R.L.) 

El,3,5(10J ola *Bz"I71l 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
17 -adamantoate 
(B.R.L.) 

El,3,5(10J ol3 *adamantoate1711 

oH 3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
3-[2'-bromo-2'-methyl]propionate 
(B.R.L.) 

3,17 ß-Dihydroxy -1,3,5( 10)-estratriene 
3-trimethylacetate 
(B.R.L.) 

E1•3•5(lOJ oh71l *II"a/I//2,2,2 

o 3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
CH> o-~-ccr, 17 -trichloroacetate 3-trimethylacetate 

HC•C·CH 

@ 11-o 

~ 1mg) 
QJ"c-o 

:::~~~) *II"a/I//2,2,2 *II"l71l/CI//2,2,2 

El,3,5(10J *II" 1711/CI//2,2,2 OIII2a 

3,17 ß-Dihydroxy-1,3,5(10)-estratriene 
3,17-difuroate 
(B.R.L.) 

El,3,5(10J *furoatea,l71l 

795 
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Table 135 A (continued) 

18 
IM 191 

19 
IM 313 

20 
IM 140 

21 
IM 284 

22 
IM 260 

23 
IM 453 

24 
IM 185 

26 
IM 419 

26 
IM 442 

3oc-Hydroxy -5oc-androstan-17 -one 
3-sodium sulphate 
(Organon) 

Aocx *S"Nascx on17 

2ß-Hydroxy-3oc-methylamino-
5oc-androstan-17 -one hydrochloride hydrate 
(Organon) 

3oc-Dimethylamino-2ß-hydroxy-
5oc-androstan-17 -one hydrochloride monohydrate 
(Organon) 

2ß-Diethylamino-3oc-hydroxy-5oc-androstan 
-17-one methobromide 3-acetate 
(Organon) 

2ß-Dipropylamino-3oc-hydroxy-5oc-androstan-
17-one methobromide 3-acetate 
(Organon) 

c 0 2ß,16ß-Dipiperidino-5oc-androstane-3oc, 
N 17 ß-diol diacetate dihydrochloride 
- (Organon) 

2HCL 
1-SH,O 

Aocx *II"scx,l711 piperidino211,1611' 2HCI15 H20 

2ß, 16ß-Dipiperidino-3oc-hydroxy-5oc-androstan-
17 -one dimethobromide 
(Organon) 

[Aocx olscx on17 piperidino2/1,1611/II/l.l] · 2Br-

Thiocyanic acid 3oc, 17ß-dihydroxy-17-methyl-5oc
androstan-2-yl-ester 
(SC-12697) 

Aocxl17cx olscx,I7SCN211 

17oc-Methyl-3ß, 17 -dihydroxy-5oc-androstane-2oc
hydroxymethyl 
(Syntex) 
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Table 135 A (continued) 

w 17 ß·Hydroxy-3-oxo-51X-androstane-2-hydroxy-

27 
methylene 

IM 451 
(Syntex) 

AicxCHOH2oh7"ons 
H 

~ 
171X-Methyl-17 -hydroxy-3-oxo-51X-androstan-2-
aminomethylene 

28 
H2N-C (Syntex) 

IM443 

A 
Aicxi17"'(CH NH2)2oh7ona 

29 fHa 3ß-Hydroxy-20-oxo-51X,171X-pregnane-16ß· 
IM441 

#" 
carboxylic acid 
(Syntex) 

• 
Ai cxi" l&lllll71X/on//1 ola 

HO 
il 

30 Cll~ 31X-Hydroxy-11-oxo-5ß-androstane-
IM 495 17 ß[IX·benzyloxymethyl]-dimethyl-malonate 

~-
(Roussel) 

Aiß benzyloxy methyl-dimethyl 
malonate 17",la"'onu 

H 

31 

/~ 
17 ß-Hydroxy-17 -methyl-51X-androstan-

IM 150 [2,3-d]isoxazol (Sterling Winthrop) 

Ai cx2 l17"'isoxazolyl2-3/3.4oh 7 

'o ; 
H 

32 

~ 
111X-Hydroxy-4-androstene-3,17 -dione 

IM 563 (U-1680) 

A 4oln"'ons,17 

33 

~-
17 ß-Hydroxy-4-androsten-3-one 

IM 199 17-sodium sulphate 
H" (Organon) 

A4 *S"Na17"0na 

34 

~ 
3-0xo-4-androstene-17 ß-carboxylic acid 

IM 502 (Roussel) 

A41" 17"0ns 

~ 
17 ß-Hydroxy -3-oxo-4-androstene-7 ß-carboxamide 
(Syntex) 

Si 
IM 450 A4(CONH2)7",h7"ons 

0 
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Table 135 A (continued) 

36 
IM 362 

37 
IM 501 

38 
IM 440 

39 
IM 500 

40 
IM 363 

41 
IM 498 

42 
IM 452 

43 
IM447 

44 
IM 135 

3 

HO 

TH' 
CO 

eH,; co,H 

~ffi 
Aco~ 

3ß-Hydroxy-5-androsten-17-one 
3-sodium sulfate 
(Organon) 

A5 *S"Naapon17 

3ß-Hydroxy-5-androstene-17 ß-carboxylic acid 
(Roussel) 

3ß-Hydroxy-20-oxo-17cx.-pregn-5-ene-16ß-carboxylic 
acid 
(Syntex) 

3ß,17 ß-Dihydroxy-5-pregnen-20-yne-21-carboxylic acid 
(Roussel) 

A5III2•2"17ctolap,17 

1cx.,2cx.-Epoxy -4,6-androstadiene-3, 17 -dione 
(Linet) 

3ß-Acetoxy -5, 15-androstadiene-17 -carboxylic acid 
(Roussel) 

A 5,151"17 ß *II"ap 

17 ß-Hydroxy-12cx.-13ß-etiojerv-4-en-3-one 
(SC-19886) 

3ß-Hydroxy-5cx.-pregnan-20-one 
(Steraloids) 

P Ii a olap0n2o 

2ß-(2'-Phenyl-ethylamino )-3cx.-hydroxy -5cx.-pregnan-
20-one hydrochloride 
(Organon) 

Poet olactOn2oNH2ß/II//Pbl//2 · HCl 
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Table 135 A (continued) 

41) 
IM 82 

46 
IM 460 

47 
IM 496 

48 
IM 497 

49 
IM 545 

Aco··· 

1)0 

IM 544 

lil 
IM 436 

HO""" 

1)2 

IM 557 

<fH, 
CH CH2·C02H 

H, 

H 

H 

YH3 
CO ft 

•••C-Nif2 
3 

2ß-Piperidino-3oc-hydroxy-5oc-pregnan-20-one 
methobromide 
(Organon) 

2ß-Morpholino-3oc-hydroxy-5oc-pregnan-20-one 
hydrochloride 
(Organon) 

Plia ola"on2omorpholino2p · HCI 

3ß-Hydroxy-5oc-pregnane-21,21-dicarboxylic acid 
(Roussel) 

3ß-Hydroxy-11-oxo-5ß-pregnan-21-oic acid 
(Roussel) 

3oc-Acetoxy-23,24-bisnor-5ß-cholan-22-oic acid 
(B.R.L.) 

P Ii ß I" 20 *II" a" 

3oc-Acetoxy-23,24-bisnor-5ß-cholan-22-al 
(B.R.L.) 

P Ii ß I al2o *II" a" 

3oc-Hydroxy-11,20-dioxo-5ß-pregnane-16oc-carboxamide 
(U-35827) 

21-Hydroxy-4-pregnene-3,11,20-trione 
(U-0569) 



800 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135 A (continued) 

1)3 
IM 556 

M 
IM 561 

1)1) 

IM 555 

1)6 
IM 546 

1)7 
IM548 

1)8 
IM 416 

1)9 
IM 547 

60 
IM 207 

~H3 
C=O 

~ 
AcO 

~H3 
•0 

~ 
~u, 
C•O 

~ 
CH,ou 

~J 3 

0_ 

fH• Ji5fS-
YH> 

~ 
... coocHa 

H 

0 

ffH&:-cHo 

• 

0 

6{J,11or.-Dihydroxy-4-pregnene-3,20-dione diacetate 
(U-0471) 

P4 *Il" 6/l,llotOD.a,20 

4-Pregnene-3,11 ,20-trione 
(B.R.L.) 

P4ona,ll,20 

4-Pregnene-3,6,11,20-tetrone 
(U-0460) 

P4ona,6,11,20 

22-Hydroxy -23,24-bisnorchol-4-en-3-one 
(B.R.L.) 

P4Iol2oona 

3-0xo-23,24-bisnor-4-cholen-22-oic acid 
(B.R.L.) 

p4I"zoona 

3,20-Dioxo-4-pregnene-16or.-carboxylic acid methyl 
ester 
(U-35258) 

p41" 16«/*Iolona,2o 

3-0xo-23,24-bisnor-4-cholen-22-al 
(B.R.L.) 

p41alzoona 

16or.-Ethyl-20{J-hydroxy-4-pregnen-3-one 
(Organon) 



Table 135 A (continued) 

61 
IM 524 

62 
IM 523 

63 
IM 467 

64 
IM 525 

65 
IM 552 

66 
IM 465 

H 

Aco·· 

67 
IM 415 

' 

HO 

68 
IM 438 

3 

HO 
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~HJ 
CHOAc 

• .COOH 

GHa 

k~J 
···COOH 

CHa 

k~J 
···COOCH3 

5-Pregnen-3ß-20ß-diol 3-acetate 
(B.R.L.) 

3ß,21-Dihydroxy-5-pregnen-20-one diacetate 
(B.R.L.) 

16ß-Carboxy-5-pregnene-3ß,20ß-diol y-lactone 
3-acetate 
(SC-5634) 

P5 I" y lacl6P-20 *II" ap 

3,20-Dioxo-5-pregnene 3,3-20,20 bis-(ethylenedioxy) 
(B.R.L.) 

9~,11~-Epoxy-3ß
hydroxy-5cx-pregn-6-en-20-one-
5,8cx-maleic anhydride adduct, acetate 
(U-0156) 

P 5 a.O *II" atJOn2o 09<-11 
maleic anhydride adduct5ot-8 

16cx-Carboxy -5-pregnene-3cx,20-diol diacetate 
(SC-5934) 

20,20-(Ethylenedioxy)-3ß-hydroxy -5-pregnene-
16cx-carboxylic acid 
(U-12872 E) 

20,20-(Ethylenedioxy)-3ß-hydroxy-5-pregnene-
16cx-carboxylic acid methyl ester 
(U-36548) 
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Table 135 A (continued) 

69 
IM 437 

70 
IM71 

'il 
IM 210 

72 
IM 499 

73 
IM 526 

74 
IM 503 

75 
IM 553 

76 
IM 99 

20,20-(Ethylenedioxy)-3ß-acetoxy -5-pregnene-161X
carboxylic acid 
(U-35939) 

P5I" 16"' *II" a118ßllzo 

3ß-Hydroxy-161X-ethyl-5-pregnen-20-one 
(Organon) 

<;'!• 3ß-Hydroxy-161X-isobutyl-5-pregnen-20-one 

~ ~~ eH, (Organon) 

~ --~ P'rn,..,""""""'" 

~H• 

Cfb c-~-Ac 
=Cifz 

H, 

0 

CH, 

CH,s 
CH.s/:;.o 

. 
Aco ••• ••• _90 

Ho 

AcO 

1\C 

=0 

31X,171X-Dihydroxy-11-oxo-5ß-pregn-20-ene-21-
carboxylic acid 
(Roussel) 

17 ,21-Dihydroxy-1,4-pregnadiene-3,11,20-trione 
Prednisone 
(B.R.L.) 

P1•4oh7,21ona,n.zo 

17 -Hydroxy-6-methyl-16-methylene-4,6-pregnadiene-
3,20-dione acetate 
(U-21240) 

p4, 616 (CHz)ls *II" 17ona,2o 

3ß-Hydroxy -51X-pregna-6,9( 11 )-dien-20-one-5,81X-maleic 
anhydride adduct, acetate 
(U-0157) 

P1Jcx6,9(11) maleic anhydride adducts .. -s 

3ß,21-Dihydroxy -5,16-pregnadien -20-one diacetate 
(Organon) 

P5•16 *II" 811,21onzo 
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Table 135A (continued) 

77 #- 5ß-Cholan-24-oic acid 
IM 296 (Roussel) 

3 CHiß"24 

H 

78 

# 
3oc-Hydroxy-5ß-cholan-24-oic acid 

IM 493 Lithooholie aeid 
COOl! (Roussel) 

c;H, 

CHi ß" 24ols,. 
HO'' 

H 

79 

# 
3oc,6oc-Dihydroxy-5ß-cholan-24-oic acid. 

IM 485 

...- - HyodeBOxylie aeid 
(Roussel) 

CH 6 ß" 24ola,.,&,. 

H ; 
OH 

80 

~ 
3oc, 7oc-Dihydroxy-5ß-cholan-24-oic acid. 

IM 492 3 OhenodeBOxylie aeid 
COOl! (Roussel) 

H, 

CHi ß" 24ola,., 71X 
Ho··· H OH 

81 

# 
3oc,12oc-Dihydroxy-5ß-cholan-24-oic acid. 

IM 490 DeBoxyeholic aeid 
3 

(Rousael) COOl! 
% 

CH 6 ß" 24ola,.,121X 

HO''' 
H 

82 

cf29 
3oc, 7oc,12oc-Trihydroxy -5ß-cholan-24-oic acid. 

IM 488 c;H, Oholie aeid 
COOl! (Roussel) 

CHi ß" 24ola,., 71X,l21X 
HO•'' 

H 

83 

# 
3oc-Hydroxy-11-oxo-5ß-cholan-24-oic acid 

IM 487 3 (Roussel) 
COOH 

3 CH 6 ß" 24ola,.onu 

Ho··· 
H 

84 0 3oc, 7oc,12oc-Trihydroxy-5ß-cholan-24-oic acid 

IM 550 #- methyl ester 
(U-0021) 

CHiß" ola,.,7,.,12,.*I24 

HO'' 
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Table 135 A ( continued) 

85 
IM 541 

86 
IM 491 

87 
IM 554 

88 
IM 198 

89 
IM 532 

90 
IM 530 

91 
IM 531 

92 
IM 529 

NaSO,O 

0 
Ct-C-o 

0 

CH>-(CH>lrC-0 

HC-(CH2), -Cfl:. 

I <? 
HC-(CH>la-0-C-0 

Cl 

3, 7,12-Trioxo-5ß-cholan-24-oic acid 
(B.R.L.) 

CH 5 ß"24ona, 7.12 

31X-Hydroxy-5-cholen-24-oic acid 
(Roussel) 

24,24-Diphenyl-5-cholene-3ß,24-diol 
(U-0359) 

3ß-Hydroxy-5-cholestene 3-sodium sulphate 
(Organon) 

CHT5 *S"Naat~ 

CH> 5-Cholesten-3ß-ol chloroformate 
(B.R.L.) 

CHT5 *I"Clat~ 

eH, 5-Cholesten-3ß-ol pelargonate 
(B.R.L.) 

CHT5 *IX" 211 

CHT5 *XIX10"311 

3ß-Chloro-5-cholestene 
(B.R.L.) 



Table 135A (continued) 

93 
IM 558 

~ 

H:l 
Ag Cl 

94 
IM 536 

91) 
IM 535 

96 
IM 551 

97 
IM 537 

H 

98 
IM 538 

99 
IM 533 

HO 

First Step (Ctd.): Other Inactive Steroids 

C!l. CH2 _A;!z ,CH3 
'eH. 'CH 

'cH3 

6-(Chloromercuri)-5-cholesten -3ß-ol 
(U-0617) 

4, 7 ,22-Ergostatrien-3-one 
(B.R.L.) 

ER4,7,220n3 

5,7,22-Ergostatrien-3ß-ol 
Ergosterol 
(B.R.L.) 

5,7,9(11),22-Ergostatetraen-3ß-ol acetate 
(U-0025) 

ER5,7,9(11J,22 *II"sp 

31X-Hydroxy-5ß-stigmast-22-ene 
(B.R.L.) 

31X-Hydroxy-5ß-stigmast-22-ene acetate 
(B.R.L.) 

ST Ii ~22 *II" a"' 

5,22-Stigmastadien-3ß-ol 
Stigmasterol 
(B.R.L.) 

805 
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Table 135A (continued) 

100 
IM 534 

101 
IM 494 

102 
IM542 

103 
IM 521 

104 
IM 520 

105 
IM 539 

0 

o-.JI~o 
RO~ 

OH 

~ i'crrH 
HOUJ'V 

.-.J:DOH 
HOUJ~ 

4,22-Stigmastadien-3-one 
(B.R.L.) 

ST4,22ona 

31%,16ß-Diacetoxy-11cx-hydroxy-31-
nor-5cx,8cx,9ß,13cx, 
14ß-dammaran-17(20)-en-21-oic acid 
(Roussel) 

Dammaran n3117!20l 5 IX,81X,9 ~.13<~t,l4 ~I" 21ol11"' 

*IIacr;,1611 

3ß,5,14-Trihydroxy-19-oxo-5ß, 
14ß-card-20(22)-enolide mixture of 3-glycosides 
(ß-glucose-ß-glucose-cymarose-, 
ß-glucose-cymarose-, cymarose) 
(B.R.L.) 

CARI)~20(22llah9tl0ls,1411 *Ra 

3,4-Bis(p-hydroxy-phenyl)-n-hexane 
(Hexestrol) 

(B.R.L.) 

3,4-Bis(p-hydroxy-phenyl)-n-hex-3-ene 
(Diethylstilbestrol) 

(B.R.L.) 

Calciferol 
(Vitamin D2) 
(B.R.L.) 

Calciferol 

eminently suitable for pharm.aco-chemical correlation studies. It must be kept in 
mind, however, that these assessments of activity are subjective and hence only very 
high or essentially negative ratings deserve serious consideration as indexes of strong 
and negligible activity respectively. This is all the more true since, in many instances, 
the total number of rats had to be limited to five per group because the majority 
of the steroids tested were available only in small amounts. On the other hand, all 
compounds which are highly potent in increasing resistance to one or both of these 
toxicants were retested at lower dose Ievels. 
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Table 135B. First step ( ctd.): Synopsis of all 500 steroids tested for their ahility to prevent 
digitoxin and indomethacin intoxication 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin3 methacina indexb 

1 
IM 360 G4II13ot,17otOh 70ns 10 3 3 0.3 

(d-Norbolethone) 
2 
IM 343 G4II13,17otoh 70ns 10 3 3 0.3 

(d,l-Norbolethone) 0.5 0 0.5 o.o 
0.1 0 0 

3 
IM 142 E4ol17~ 10 0 3 0.10 

4 
IM147 E4on17 10 0 2 0.1 

i) 

IM 188 E4ons,17 10 1 2 0.10 

6 
IM 146 E4ol17ß0na (Nortestosterone) 10 2 0 0.1 

7 
IM522 E4*Il" 17 tJ/C1/f2,2,2ona 0.5 0 0 0 

8 
IM340 E4*III''Ph17ß0ns 10 0 0 0 

(Nandrolonephenyl pr.) 
9 
IM339 E4*X"17p<>na (Nondrolone dec.) 10 0 0 0 

10 
IM 186 E1(10),5ola",n17 10 0 3 0.10 

11 
IM 33 E1,3,5 (10lola,17 tJ (Estradiol) 10 0 0 

1 0 0.5 O.!o 
1! 
IM505 E1·3•5 <10lola*II" 17 fJ/Brl/2,2,2 0.5 0 0 0 

13 
IM504 E1•3•5<10lola*Il" 17tJ/Cl//2,2,2 0.5 0 0 0 

a As in the previously reported data the figures indicate the means of the statistical difference 
grades of protection ranging from "0" (no protection) to "3" (perfect protection). For further 
data concerning the techniques cf. p. VIII. 

b Basedon the formula D~I X _!___, where D = reading for digitoxin, I = indomethacin, 
"" mg 

mg = the dose tested. 
It is noteworthy that, among the 500 steroids listed in Table 135B, only 20 exhibited an 

activity index of 10 or more. It is hardly coincidental that all compounds of this select group are 
16oc-carbonitriles, except for TMACN (Cpd. 149) which is a 2oc-carbonitrile, the 16oc-17-methyl
oxazolyl (Cpd. 329), CS-1 (Cpd. 191), and dexamethasone acetate (Cpd. 360). It may be significant 
that within this small group of exceptions we find: one steroid (Cpd. 149) which also carries a 
carbonitrile substituent on the ring, although in the 2oc-position, two 9oc-fl.uoro-compounds 
(CS-1 and dexamethasone), one steroid (Cpd. 329) substituted at 16oc, although not by a carbo
nitrile. It will be interesting to see whether other 16oc-substituted or halogenated steroids possess 
considerable catatoxic activity and whether the latter can be further increased by the introduc
tion of several apparently advantageaus substituents into the same molecule. 

52 Selye, Hormones and Resistance 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacina indexb 

14 
IM506 E1•3•5<10lola *ll"17 ß/Ff/2,2, 2 0.5 0 0 0 

15 
IM513 E1•3•5 <10lola *III"17 ß/ol//2 0.5 0 0 0 

16 
IM507 E1•3•5 <10lola *III"17 ß/I,ol//2 0.5 0 0 0 

17 
IM509 E1,3,5 (10lola *V"17 ß 0.5 0 0 0 

18 
IM510 E1,3,5(10lola*V11"17 ß 0.5 0 0 0 

19 
IM511 E1,3,5(10lola*XVI"17 ß 0.5 0 0 0 

20 
IM 512 E1,3,5(10lola*Bz"17ß 0.5 0 0 0 

21 
IM508 E1,3,5 (10loi3 *adamantoate17 ß 0.5 0 0 0 

22 
IM 518 E1•3•5<10lol17 p*ll"ati//2,2,2 0.5 0 0 0 

23 
IM519 E1•3•5 <10loh 7 p*III"atr,Br//2 0.1 0 0 0 

24 
IM514 E1,3,5 (10l*ll"ati//2,2,2 0.5 0 0 0 

*11"17ß/Cl//2,2,2 
21) 
IM516 E1•3•5 <10l *ll"ati//2,2,2 0.1 0 0 0 

*methyltartrate17 ß 

26 
IM 517 E1·3,5(10l*furoatea,17ß 0.1 0 0 0 

27 
IM21 El.3•5<10lolaon17 (Estrone) 10 0 2.5 0.121) 

28 
IM515 E1,3,5 <10l *ll"17 ß/Cl//2,2,20III2a 0.5 0 0 0 

29 
IM 194 E1,3,5(10lon170Ia 10 0 1.5 0.071) 

30 
IM356 E4•9•11ona,17 10 0.5 0 0.021) 

31 
IM355 E4•9•11onaOIII217 ß/I//2 10 1.5 3 0.221) 

0.5 0 0 

32 
IM435 Eli~CNsiP-117cxOh7ona 0.5 0 0. 0 

33 
IM428 E Ii ~ CN slll217ct/II/2oh 7ona 0.5 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina. methacin6 indexb 

34 
IM430 E 6 ~ CNsiD217ct/I//2oh 70ns 0.5 0 0 0 

36 
IM 192 E4II7ctoh 7ons 10 3 3 0.3 

0.5 0 0 
36 
IM79 E4117ctOI4,170D3 10 0 3 0.10 

0.5 0 0 
37 
IM 59 E4II17ctOh7 (Ethylestrenol) 10 3 3 0.3 

0.5 0 0 0 
38 
IM76 E4ßl7ctOh7*III"sJJ 10 0 3 0.16 

39 
IM 57 E41117ctOh7ons (Norethandrolone) 10 3 0.5 0.176 

40 
IM 193 E411117ctOh 70Da 10 1 2 0.10 

41 
IM315 E4ffi"ylaC17ct0Da 10 3 2.5 0.276 

42 
IM 101 E4III217ctoh 7 (Allylestrenol) 10 0 3 0.16 

43 
IM338 E5<10lll1-117ctol17ons (Norethynodrel) 10 0 0 0 

44 
IM392 E1,3,5(10lll&ctCN1&*11"17JJIHs 0.5 0 0 0 

46 
IM395 E1,3,5(lO)Il&eCNl&OD170Is 0.5 0 0 0 

46 
IM35 E1,3,5(10lii1-117ctOls,l7 10 0 0 0 

(Ethynylestradiol) 
47 
IM304 E1•3•5<10lii1-117ctOh 70is11 10 0 3 0.10 

0.5 0 0 
48 
IM 168 E1•3•5<10>•7furyh7ct/SOh7*II"sJJ 10 0 2.5 0.126 

49 
IM 169 E1,3,5(10). 7furyh?ct/sol170cycV /s11 10 0 3 0.16 

60 
IM380 E1,3,5(10),16CN17•II"s 0.5 0 0 0 

61 
IM400 E1,3,5(10),16CN17ois 0.5 0 0 0 

62 
IM326 E(02)4•9<10loh7JIODa 10 3 0 0.16 

0.5 1 2 
63 
IM328 E (02)4•9•11oh7JJODs 10 1.5 0.5 0.1 

52'" 
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Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

M 
IM336 Eab10(5-+4ll7cx,17cxOh 70D3,5 10 2 1.5 0.171) 

I) I) 

IM 196 Aöatoln/1,1711 10 3 0 0.11) 

1)8 
IM 183 AÖIIOD3,17 10 3 0.5 0.171) 

1)7 
IM 100 AÖIIOh7fiOD.a (Androstanolone) 10 2 0 0.1 

1)8 
IM 191 A Ii 11*S"N aa .. on17 0.5 0 0 0 

1)9 
IM327 AÖIIOD1702/I-l9Clacx 10 0 2 0.1 

80 
IM252 Aö 11*ll" afiOD17Cl5, &II 10 0 0 0 

81 
IM229 Aö11NOH17 10 3 3 0.3 

82 
IM213 Aömoh111NOH17 10 3 3 0.3 

83 
IM224 Alillolu/I(NHsh?/1 10 1.5 0 0.071) 

14 
IM 246 Aö IIOlafiSP imidazolidyh7/on//2,5 10 0 0 0 

81) 
IM319 AlillolacxOD17(Na)211 10 0 0 0 

88 
IM313 Ali11olsfiOD17NHacxti • HCI15Hs0 0.5 0 0 0 

87 
IM 140 Alillolsf10n17Nacx/If/1,1 · HCIHsO 0.5 0 0 0 

88 
IM284 [Aöet*ll"acxOD17N2/Ifi,II,II]Br 0.5 0 0 0 

89 
IM260 [Aöet*ll"acxOD17N2/I/I,III,III]Br 0.5 0 0 0 

70 
IM253 Aö 11*ll" afiOD17Cl5(Na)&/l 10 0 0 0 

71 
IM453 Alill*ll"acx,l711Piperidino2/1,16/l' 0.5 0 0 0 

·2HCI15H20 
72 
IM361 [ A Ii 11*ll" acx,17 /lpiperidinot:/1,16/1] 10 0 1.5 0.071) 

(Pancuronium Br) • 2 BrH20 
73 
IM 185 [Aiillolacxon17Piperidino211.1611/1/1.1] 0.5 0 0 0 

·2Br 
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Table 135B (continued) 

Group SSSName Dose Digi- lndo- Activity 
(mg) toxina methacina indexb 

74 
IM325 Aliu*III"t7fl/cycV//3S2"-3 10 0 0 0 

'ili 
IM250 A Ii (! *II"sf10nt705/l-8 10 0 0 0 

'i6 
IM 141 A4ons,t? (Androstenedione) 10 1 0.5 O.O'ili 

'i'i 
DIS A4ons,11,17 (Andrenosterone) 10 0 0 

'i8 
IM 53 A4oh?f10ns (Testosterone) 10 3 0.5 O.l'ili 

0.5 0 0 0 

'i9 
IM 131 A4*1I"t7f10ns (Testosterone acetate) 10 0 0 0 

80 
IM 58 A4*1II"t7f10ns (Testosterone pr.) 10 0 0 0 

81 
IM 199 A4*S"Nat7f10ns 0.5 0 0 0 

8! 
IM226 A4*II"llr~.,17f10ns 10 0 2 0.1 

88 
IM563 A4olllr~.ons,t7 0.5 0 0 0 

84 
IM 187 A4oll9ons,t7 10 0 0 0 

So 
IM358 A4*cycVI"t7f10nsF2" 10 0 0 0 

86 
IM216 A 4*III"17 fiOnsF s" 10 0 0 0 

S'i 
IM41 A4olllf10ns,l7Fs" 10 0.5 1.5 0.1 

(Fluorohydroxyandrostenedione) 
88 
IM251 A4olsf10nl7(Ns)&/l 10 0 3 0.1li 

89 
IM17 A5ols/1,16cx (Cetadiol) 10 0 0 0 

90 
IM 139 A5*II"sii*Bz"t7fl 10 0 2.5 O.Uli 

91 
IM31 A5olsf10n17 (Dehydroepiandrosterone) 10 2 3 Uli 

0.5 0 0.5 0 

92 
IM27 A5*II"sf10nt7 10 0 3 0.1li 

(Dehydroepiandrosterone acetate) 0.5 0 0 

98 
IM362 A 5*S''N &sf10nt7 0.5 0 0 0 



812 Synopsis of Pharmaco-Chemical and Pharmaoo-Pharmaoologic Interrelations 

Table 135B (oontinued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

94 
IM 184 A5ola",t90ll17 10 0 0 0 

95 
IM245 A5ola"sp imidazolidinyh7tonJ/2,5 10 0 0 0 

98 
IM332 A 5ola"(2-Disopropylaminoethyl 10 0 0 0 

formamido)17" 
97 
IM321 A 5ols11(3-Dimethylaminopropyl 10 0 0 0 

methylamino)t7" • 2HC1 
98 
IM247 A5*II"s"sp oxazolylt7/I//2 10 0 0 0 

99 
IM363 A 4•6ona,t7fhat-2 10 0 0 0 

100 
IM 153 A4•9<11>o1t7"ona 10 0 1.5 0.071) 

101 
IM280 A Ii cdtatolt 7 "ona 10 0.5 0 0.025 

102 
IM 189 Aöcd4atOl17"ona 10 3 0.5 0.175 

103 
IM 51/d Aöcdl7atOla",llP,17 (Methyl- 10 3 3 0.3 

androstanetriol) 
104 
IM 190 Aöctlt7atOlt7ona 10 3 0 0.11) 

101) 
IM 163 A ö ctlt7atoln",l7ona 10 3 3 0.3 

108 
IM320 Aöctll7atOh781aat 10 3 1.5 U2ö 

0.5 0 0 

107 
IM419 Alictll7atOlsat,l7SCN2" 0.5 0 0 0 

108 
IM248 A Ii ctlt7atOlap,5,17(N a)o" 10 0 0.5 0.021) 

109 
IM454 Aictltsat,l7at*II" a,17 10 3 0.3 

0.5 0 0 0 
110 
IM451 AlictCHOH20lt7"ona 0.5 0 0 0 

111 
IM427 AöctCNtatOh7"ona 0.5 0 0 0 

112 
IM433 AöctCNtat*II"t7",na 0.5 0 0 0 

113 
IM424 AhCNa~lm(NH2)s 0.5 0 0 0 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 813 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

114 
IM434 AliaCNsoh7ßOila 0.5 0 0 0 

111) 
IM420 AlißCNsoll7ßOlla 10 0 0 0 

0.03 0 0 0 
0.015 0 0 0 
0.005 0 0 0 
0.001 0 0 0 

116 
IM421 A Ii a CN s *III" 17 ßOna 0.5 0 0 0 

117 
IM422 A Ii ß CNs *III"17 ßOlla 0.5 0 0 0 

118 
IM442 Ali all7«Iohxolaß,l7 0.5 0 0 0 

119 
IM 98/a Aliai17«CHOH2oh7ona (Oxymetholone) 10 3 0 0.11i 
120 
IM443 Aliai17«(CHNH2)2oh7ona 0.5 0 0 0 

121 
IM425 Aliai17«CNsoh7ona 0.5 0 0 0 

122 
IM382 Ali al16ßCN17olaß,17; 0.5 0 0 0 

123 
IM275 Ali alll7«/on/llolaß016ß-17 10 3 3 0.3 

124 
IM276 A Ii alll7aJon//l ona,n 016ß-17 10 2 3 0.21) 
121) 
IM441 Ali a1"16ßlll7aJon/llolaß 0.5 0 0 0 

126 
IM432 Aliaii1-117aCNsola,.,l7 0.5 0 0 0 

127 
IM 335 A Ii a11117aJI//2olaß,l7 10 3 3 0.3 

0.5 0 0 
128 
IM78 Alia1h *II"17ß0na 10 1.5 0 0.071) 

(Methenolone acetate) 
129 
IM 77 A Ii a1 l1 *VII"17 ßOna 10 2.5 0 0.121) 

(Methenolone oenonthate) 
130 
IM 318 Alia2117cxOh7 10 1.5 1 0.121) 

131 
IM365 Ali<X2CNaon17 10 2 2 0.2 

0.5 0 0 0 
132 
IM 150 A Ii a 2117aisoxazolyb-3/3,4oh 7 10 1.5 0.5 0.1 

0.5 0 0 0 



814 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSSName Dose Digi- lndo- Activity 
(mg) toxin• methacin• indexb 

133 
IM249 Ao~l17 .. oh7*II"a118s~~-a 10 0 1.5 0.079 

134 
IM 165 Ai ~l17,.oh7ona,nF9,. 10 2 0.5 0.129 

139 
IM357 A o ~ lah7 ttOla ... 170Dn 10 0 0 0 

136 
IM386 Ao~CN1711*II"a,. 0.5 0 0 0 

137 
IM377 Ao~CN170h7f*II"a.. 0.5 0 0 0 

138 
IM426 Ao~I17,.CNsoh70na 0.5 0 0 0 

139 
IM489 A o ~11711/1"1/l.lola,.onn 0.5 0 1.5 1.0 

0.03 0 0 
140 
IM381 Ao~ICN17tt0la,. 0.5 0 0 0 

141 
IM385 Ao~ICN1711*II"a .. onu 0.5 0 0 0 

14!! 
IM384 Ai~ l17 11/CNtetrahydropyranylsll/oll/2 0.5 0 0 0 

143 
IM369 Ai~ l17 11/CN//l.lCN 17ola,.onn 0.5 0 0 0 

144 
IM495 Ai~ benzyloxy methyl-dimethyl ma- 0.5 0 0 0 

lonate 17 j!Ola,.onn 
u& 
IM368 Ai~2CNaol1711 10 0.5 2 0.1!!9 

0.5 0 0 0 
146 
IM254 Ai ~2IIa11Jon1J10l17 11 10 0 0 0 

147 
IM378 Ao~1&CN17*II"a,. 0.5 0 0 0 

148 
IM393 Ai ~17 !20liCN1711*II"a .. onn 0.5 0 1.5 1.0 

149 
IM406 Ai ~17!2Dl11711/CNI/1,1ola,.onn 0.5 0 0 0 

100 
IM 120 A41a,.oh7ttODa (Methyltestosterone) 10 2.5 3 0.279 

101 
IM208 A41a .. ohu,17tt0Da 10 3 3 0.3 

0.5 0 0 
102 
IM 55 A4117,.oh7ona (Methyltestosterone) 10 3 1.5 0.2!!9 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 815 

Ta.ble 135B (continued.) 

Group SSSName Dose Digi- lndo- Activity 
(mg) toxina. methacina. indexb 

108 
IM90 A4l17«ol4,17ons (Oxymesterone) 10 0.5 3 0.1?6 
104 
IM223 A 4l17«ols",17ona 10 0 1 0.06 
166 
IM 160 A4117«oln«,170lla 10 3 3 0.3 
196 
IM241 A4117«ohu,17ons 10 3 3 0.3 

0.5 2 4.0 
10? 
IM85 A4117«oh7"*SII"1«,7«ons (Emdabol) 10 2 1 0.15 

0.5 0.5 0 0.6 
0.1 0 0 

168 
IM81 A4117«ohu.170nsFe« 10 3 2 0.25 

(Fluoxymesterone) 0.5 3 0 8.0 
0.1 0 0 

169 
IM 162 A 4117cxOl170ns,nF 9cx 10 3 2 0.26 
160 
IM502 A4I"17",llS 0.5 0 0 0 

161 
IM450 A 4 (CONH2)7 "oh 7 "ona 0.5 0 0 0 

162 
IM391 A4CN17*II"17f011S 0.5 0 0 0 

163 
IM374 A4CN17ol17f011S.u 0.5 0 0 0 

164 
IM375 A4CNI7*11"17f0ns,u 0.5 0 0 0 

166 
IM36 A 4ll1-117cxOh 70ll3 (Ethyltestosterone) 10 0 1 0.06 
166 
IM10 A 4ffi"K17«olu",17onsFe« (CS-1) 10 3 3 0.3 

0.5 3 3 6.0 
0.1 1 1.5 12.0 
0.03 0 0 0 

16? 
IM314 A 4ffi" ylac17«ons 10 3 3 0.3 

0.5 0 0 

168 
IM9 A 4ffi"ylac17«*SII" 7«0ila 10 3 3 0.3 

(Spironolactone) 0.5 0 0 1.li 
0.1 0 0 

169 
IM66 A4ffi"ylac17«olu"onsF9« 10 3 2 0.25 

0.5 3 6.0 



816 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacin" indexb 

170 
IM342 A 4tetrahydrofuryh 7a. *SII" 7a.Ona 10 3 3 0.3 

(Spiroxasone) 0.5 0 1.5 1.5 
0.1 0.5 5.0 

171 
IM 312 A 4imidazolyh 7 tJ/I/2ona 10 0 1 0.05 

172 
IM 54 A5117aOlatJ,l7 (Methylandrostenediol) 10 0 0 0 

173 
IM 159 A5Juol17tJOna 10 0 1.5 0.075 

174 
IM 501 A51"r7tJOlap 0.5 0 0 0 

175 
IM306 A5J"K17tJOlap(NH2h7 10 0 0 0 

176 
IM255 A51"17a./*I*II"aaNHII"17 10 3 1 0.2 

177 
IM390 A5CN17oh7a.OOIIa 0.5 0 0 0 

178 
IM 182 A5I17a1"17/*IOlap 10 0 1.5 0.075 

179 
IM568 A5~,4CN2aol170na 0.5 2 0.5 2.5 

0.03 0 

180 
IM364 A5J4,4,17a.CN2a.ol17ona (TMACN) 10 3 3 0.3 

0.5 2.5 3 5.5 
0.1 2 2 20.0 
0.03 0 0 0 

181 
IM308 A 51117a./on//1///ollf//2*II" 3{!016{!-17 10 0 0 0 

182 
IM 448 A 5J"lstJih 7a./ollf!Ola/J 0.5 1.5 3 4.5 

0.1 0.5 0 2.5 
0.03 0 0 0 

183 
IM440 A 51" 16ßll17a./on//1 olap 0.1 0 0 0 

184 
IM446 A 51117a./on//1 {CONH2)1spolap 0.5 0 1.5 1.5 

0.1 0 0 0 
185 
IM417 A5CN17117fJ/CN/1,1olap 0.5 0 0 0 

186 
IM 118 A5111-1I7a.Olap,17 10 0 0 0 

187 
IM350 A511I"ylac17aolap 10 0 3 0.15 

0.5 0 0 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 817 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin 3 methacina indexb 

188 
IM 351 A51fil"ylac17otola/l 10 3 3 0.3 

0.5 0.5 1 
189 
IM354 A 5lll1-1" 17otola/l,l7 10 0 0 0 

190 
IM500 A 51112-2" 17otOial!.17 0.5 0 0 0 

191 
IM 217 A1·41a"'ona,n,17 10 3 3 0.3 

0.5 1 2 
192 
IM281 A1•4l17otoh7ona 10 0.5 1 o.o7o 

193 
IM 164 A1·4117otoln/l,l70na 10 2 1.5 o.17o 

194 
IM323 A 4, 6III"K17otOh 7ona 10 3 3 0.3 

(Aldadiene Kalium) 0.5 0 0 
19o 
IM 316 A4,61fi"ylac17otOI17ona 10 3 3 0.3 

(Aldadiene) 0.5 0 0 
196 
IM 157 A 4·9 (ll)l17o:oh 7ona 10 3 3 0.3 

197 
IM222 A 4·9 (11)12ot,17otOh 70ll3 10 3 1 0.2 

198 
IM389 A4•16CN11ona 0.5 0 0 0 

199 
IM498 A 5•15l"17 11*II"a11 0.5 0 0 0 

200 
IM396 A5•16CN11*II"ap 0.5 0 0 0 

201 
IM 322 A(02)5a.l17otOh7 10 3 1.5 o.22o 

202 
IM 80 A(02)4I17o:Oh7ona ( Oxandrolone) 10 3 3 0.3 

0.5 0 0 0 
203 
IM410 A(N4)II17o:0h7ona 10 1.5 3 0.225 

0.5 0 0 0 
204 
IM302 AnA6a.on2.1a 10 3 3 0.3 

2oo 
IM 126 AnB4oh7ßona (B-N ortestosterone) 10 0.5 1 0.076 

206 
IM84 AhoD (017o:)1·4ona,17 10 2 3 0.25 

207 
IM452 An 18,nC,hoD4117otOI17ona 0.5 0 0 0 



818 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacin" indexb 

208 
IM 143 A49 ß,10cxol17/Jona (Retrotestosterone) 10 0 0.5 0.021) 

209 
IM 145 A49ß,10cxona,t7 (Retroandrostene- 10 3 0.5 0.1'11) 

dione) 
210 
IM243 P 1i1Xona.2o 10 0.5 0.5 0.05 

211 
IM 72 Plißon3,20(Pregnanedione) 10 0 2 0.1 

0.5 0 0 
212 
IM 106 Plicxons,n,2o 10 3 3 0.3 

213 
IM 115 Plißona,u,2o 10 2.5 3 0.2'11) 

0.5 0 0 
214 
IM447 P Ii cxolaß0n2o 0.5 0 0 0 

211) 
IM261 P Ii cxolsp,tacxon2o 10 0 0.5 0.025 

216 
IM 136 P Ii cxolaß0nu,2o 10 1.5 3 0.221) 

21'1 
IM301 Plißolaß0nu,2o 10 3 3 0.3 

0.5 0 0 
218 
IM 122 P Ii cxolap,170nu,2o 10 3 3 0.3 

219 
IM277 P Ii cxolaponu,2o0t6cx-17 10 3 3 0.3 

220 
IM272 P Ii cx*II"aßOn2oCls,sp 10 0 0.5 0.021) 

221 
IM273 P Ii cxolap,170n2oCls,sp 10 0 0.5 0.021) 

222 
IM215 P Ii cxolsona,2oF ap 10 0 0 0 

223 
IM290 P Ii cx *II" ap,2o0scx-6methyloxazolyhscx-17 10 2 3 0.21) 

224 
IM285 P 5 cx*II"aß0nu,2omethyloxazolyl16cx-17 10 0.5 1 0.0'11) 

221) 
IM286 P Ii cx *III"aß0nu,2oethyloxazolyhscx-17 10 1 0.5 O.O'IIi 

226 
IM331 P Ii cxolap[N -(piperidinoethyl)- 10 0.5 2.5 0.15 

formamido J2op 

22'1 
IM82 [P Ii cxolacxon2opiperidino2P/I/Jl]Br- 0.5 0 0 0 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 819 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

228 
IM 135 P Ii «olactOD2oNH211/II/IPhl//2 • HCI 0.5 0 0 0 

229 
IM274 P Ii tXols *II" aJIOn2o(Na)&JI 10 0 1.5 0.075 

230 
IM283 P Ii «olap,17onu,2o(Nahs11 10 0 0 0 

231 
IM282 P Ii tXolap,1&<>onu,2o(Nah 7 10 2 1 0.15 

232 
IM460 PlitXola"'on2omorpholino211 • HCI 0.5 0 0 0 

233 
IM269 P Ii «16ons,n,2o 10 0 3 0.15 

0.5 0 0 
234 
IM264 p Ii «16*11" 3/l,llct0ll20 10 0 3 0.075 

235 
IM263 P Ii «16*III"aJ10nu,2o 10 0 0 0 

236 
IM270 P li«16onu,2o0Ia,a 10 1.5 3 0.225 

0.5 0 0 
237 
IM265 p Ii «17 (20) *II" 311,20 10 0 3 0.15 

238 
IM 128 P Ii ß olact,12ct,20 10 3 3 0.3 

0.5 0 0 
239 
IM 129 P Ii (3olact,zoon12 10 3 3 0.3 

240 
IM 113 P Ii ß*II"aot,200D12 10 3 3 0.3 

0.5 0 0 0 
241 
IM 112 P Ii ß ola"'on2o 10 0 3 0.15 

242 
IM 110 P Ii ß olaot *II" 12otonzo 10 0 3 0.15 

243 
IM 127 P Ii ß *ll"aot,l2ctOD2o 10 0.5 3 0.175 

244 
IM 11 P Ii ß *suc"N a21 ona,2o 10 2 0 0.15 

(Hydroxydione Sodium) 0.5 0 0 
245 
IM 121 P Ii ß olaotonu,2o 10 3 1.5 0.225 

246 
IM293 P Ii ß *II" aotonu,2o 10 3 3 0.3 

0.5 0 0 
247 
IM 294 P Ii ß olaot,l7onu,zo 10 2 3 0.25 

0.5 0 0 



820 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacina indexb 

248 
IM303 P 5 ~olaa,17*II"21onn,2o 10 0 1.5 0.075 

249 
IM 300 P 5 ~oh7*Il" 3ct,210nn,2o 10 0 0 0 

250 
IM305 P 5 ~oh7*Il"210ll3,11,20 10 0 0.5 0.025 

251 
IM497 P 5 ~" 21 olaaonn 0.5 0 0 0 

252 
IM 116 P5~olaa,2oOntJ-12 10 3 3 0.3 

0.5 0 0 
253 
IM 74 P4on3.2o (Progesterone) 10 1.5 3 0.225 

0.5 0 0 0 
254 
IM561 P4on3,11,20 0.5 0 0 0 

255 
IM555 P4ona, 6,11,20 0.5 0 0 0 

256 
IM 133 P4ola/l,l6a,170n2o 10 0 0 0 

257 
IM 119 P4olnaona,2o (Hydroxyprogesterone) 10 1.5 3 0.225 

0.5 0 0 0 

258 
IM47 P4oh7ona,2o (Hydroxyprogesterone) 10 3 3 0.3 

259 
IM 73 P4 *II' '17ona, 20 (Acetoxyprogesterone) 10 3 3 0.3 

0.5 0 0.5 0.5 
260 
IM244 P4ol210ll8,2o (Desoxycorticosterone) 10 3 2 0.25 

261 
IM25 P4*II"21ona,2o 10 1 0 0.05 

(Desoxycorticosterone acetate) 0.5 0.5 1.0 

262 
IM 53 P4*II" 6/l,llaona,2o 0.5 0 0 0 

263 
IM23 P4oln/l,21ona,2o 10 3 3 0.3 

(Corticosterone, Kendall "Cpd. B") 0.5 0 0 0 

264 
IM 134 P4olntJ*II"21ona.2o 10 2 1.5 0.175 

(Corticosterone acetate) 

265 
IM 70 P4oh7,2lona,2o 10 3 3 0.3 

(Hydroxydesoxy -corticosterone) 

266 
IM235 P4olna,17 ,21ona,2o 10 3 3 0.3 



Synopsis of 500 Steraids Tested for Their Ability to Prevent Digitoxin 821 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

267 
IM 45/a P4olull.17,21ona,2o 10 3 1 0.2 

(Hydrocortisone, Cortisol) 
268 
IM45 P4olu11,17*II"21ons,2o 10 3 0 0.15 

( Cortisol aceta te) 0.5 0 0 0 

269 
IM298 P4oluii.17*IV"21fi//3,30na,2o 10 0 0 0 

(Cortisol tetrabutylacetate) 
270 
IM98 P4oln11,17*suc"21 ons,2o 10 0 0 0 

(Cortisol hemisuccinate) 
271 
IM337 P4olu11,17*suc"Na210na.2o 10 2 0.5 0.125 

(Cortisol sodium succinate) 
272 
IM256 P4oh4oc,17*II"2lons,2o 10 1.5 2.5 0.2 

273 
IM237 P4olsß0na,n.2o 10 0.5 1.5 0.1 

274 
IM557 P4ol21ona,11,2o 0.5 0 0 0 

275 
IM 102 P4oh 7.21 ona,u,2o ( Cortisone) 10 3 0 0.15 

0.5 0 0 
276 
IM22 P4oh7*II"21ons,u,2o 10 3 0 0.15 

(Cortisone acetate) 0.5 0 0 0 

277 
IM43 P4olu/1,21ona,2oahs (Aldosterone) 10 0 0 0 

278 
IM 149 P4olntl,21ona,2o01hs"'-17I,I 10 3 0 0.15 

(Cortisol acetonide) 
279 
IM 130 P4*II"21ona,2o01set-17 10 0 1.5 0.075 

(Epoxy -desoxycorticosterone) 

280 
IM 123 P4ona,2o016«-17 (Epoxyprogesterone) 10 0.5 3 0.175 

281 
IM 16 P4ona,u,2oBr9oc 10 1 1 0.2 

0.5 3 0 
282 
IM 179 P4ons,2oBr17 (Bromoprogesterone) 10 0.5 3 0.175 

283 
IM18 P4ol17 *II" 21 ons,u,2oCl4 10 0.5 0.05 

(Chlorocortisone acEltate) 

284 
IM 19 P4olut~,17*II"21ons,2oCl9" 10 0 0 

(Chlorocortisol acetate) 



822 Synopsis of Pharmaco-Chemical and Pharmaco-Pharmacologic Interrelations 

Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxin" methacin" indexb 

28li 
IM230 P4olu"'ons,2oF 6"' 10 2 3 0.2li 
286 
IM214 P4olup,t7*II"2lons,2oF6"' 10 0 1.5 0.07li 

Fluorohydrocortisone acetate) 
287 
IM 170 P4olup*Il" a",n2o00Itee<-17/I,IF Ge< 10 0 0 0 

288 
IM 173 P4olu"ona,2000Ite"'-17/I,IFe"' 10 3 1.5 0.22li 

0.5 0 0 
289 
IM 15 P4olu"ona,2oF9o: 10 3 3 o.a 
290 
IM39 P4olup,t7*II"2tons,2oF9o: 10 1.5 2.5 u 

(Fluorocortisol acetate) 
291 
IM 174 P4olupons,aoOOit&e<-17/I,IFs"',9"' 10 0 0.5 0.02li 

292 
IM524 P5ol2op*II" ap 0.5 0 0 0 

293 
IM69 P5ola"on2o (Pregnenolone) 10 1 3 0.2 

294 
IM 125 P5*II" a"on2o 10 0 1 O.Oli 

29li 
IM 195 P5olap,17on2o 10 0 0 0 

296 
IM 132 P5ol17 *II" atJOn2o 10 0 0 0 

297 
1M3 P5ola.a*II" 1llon2o 10 0 1.5 0.079 

(Acetoxypregnenolone) 
298 
IM523 P5*II"a.a,21on2o 0.5 0 0 0 

299 
IM 176 [P5*II"t7*S"stJOn2o]pyridinium+ 10 1.5 3 0.22li 

300 
IM 108 P5oh 7*II" 8.11.21 on20 10 0 1 O.Oli 

301 
IM297 P5on2oOia.a 10 1 3 0.2 

0.5 0 0 
302 
IM525 P50,0lla,llo 0.5 0 0 0 

303 
IM359 P5*J"u"'O,Oit7-20,2o-2tO,OIIs 10 0.5 3 0.179 

0.5 0 0 
304 
IM 177 P5ols"on2o0t&e<-17 10 0 0.5 0.026 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 823 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin" methacin3 indexb 

309 
IM 109 P5olap*II"2I0ll2olh6"'-I7 10 0 0.5 0.029 

306 
IM 178 P5olap0n2oBr17 (Bromopregnenolone) 10 0 0 0.19 

307 
IM317 P1•4ona,I5,20 10 3 3 0.3 

308 
IM7 P1•4olnt~,I7 ,210ll8,2o (Prednisolone) 10 3 0.5 0.179 

309 
IM 56 p1,4olnp,I7*11"2I0ll3,20 10 2 3 0.29 

(Prednisolone acetate) 0.5 0 0 0 
310 
IM96 P1·4olnp,I7 *suc"21ons,2o 10 3 3 0.3 

(Prednisolone hemisuccinate) 0.5 0 0 
311 
IM97 P1•4olnt~,17 *Bz" 21/S"Na//Sons, 20 10 3 1.5 0.229 

(Prednisolone m-sulfobenzoate sodium) 

312 
IM526 P1·4oh7 ,21ons,n,2o 0.5 0 0 0 

313 
IM 68/a p1,4oh 7*11"210na.n.2o 10 3 3 0.3 

(Prednisone acetate) 0.5 0 0 
314 
IM211 P1•4olnp,I7,210na,2oFo"' 10 3 0.5 0.179 

(Fluoroprednisolone) 
319 
IM32 P1·4olnp,I&ot,l7 ,21 ons,2oF 9<X 10 0 0 0 

(Triamcinolone) 2 0 0 0 

316 
IM 148 p1,4olnp,2I0ll3,2o00II&ot-17/I,IF9ot 10 0 0 0 

(Triamcinolone acetonide) 

317 
IM257 ps.soh7*II"a,2Ion2o 10 3 3 0.3 

0.5 0 0 
318 
IM288 p3,5*11" 210n2oOiapmethyloxalolyho"'-17 10 1.5 3 0.229 

0.5 0 0 
319 
IM 171 P4• 6*11" 311,170n2oCls 10 2 1 0.19 

320 
IM 172 P4•6*II"I70lls,2oCls 10 3 3 0.3 

0.5 0 0 0 
321 
IM206 P4•16ons,2o 10 2 3 0.29 

0.5 0 0 
322 
IM 154 p4,17(20lohu,2Iona 10 3 3 0.3 

0.5 0 0 0 

53 Selye, Hormones and Resistance 
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Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

823 
IM240 p4,17(20loltu*ll"2tons 10 1 0 0.09 
324 
IM239 p4,t7 (20l"*I31ons,u 10 3 3 0.3 

0.5 0 0 
329 
IM 156 p4,17 (20lolu~nsal2t 10 0 0 0 
326 
IM 180 p5,16ols~n2o (Dehydropregnenolone) 10 0 3 0.10 
327 
IM 111 p5.16*II" a~n2o 10 0 1.5 0.079 

(Dehydropregnenolone acetate) 
328 
IM99 p5,16*II" 3P,310n20 0.5 0 0 0 

829 
IM287 pt,4,D(lll*II"2tons,2o 10 3 3 0.3 

methyloxazolylta .. -17 0.5 3 3 6 
0.2 3 10.0 

330 
IM161 pt,4,17 (20lolup,210ns 10 3 3 0.3 

0.5 0 0 
831 
IM228 pt,4,17(20loltu*II"2tOns 10 0 0.5 0.029 
832 
IM231 pt,4,t7 (20loltu.u .. *ll"atons 10 3 2 9.29 
833 
IM329 p5,t7 (20J,20*II" ap,21 10 0 0 0 
334 
IM330 p5,t7 (20J,20*ll" ap(S02CHs)21 10 1 0 0.09 
839 
IM212 Po cda~l5,1lctona,zo 10 3 3 0.8 

0.5 0 0 0 
836 
IM233 Po cxla~l5,1111,17*II"2tons,20 10 0 1.5 0.079 
337 
IM262 Pocr.Iu .. olt7*II"21ons,zo 10 0 0 0 
338 
IM266 Pocxlta~ls~nzo 10 0 0 0 

339 
IM259 Pocxlu~Iu .. ,17*ll"ztons,20 10 3 3 0.3 

0.5 0.5 1 
340 
IM258 p ocxlu~lt7*ll"2t0ß3,11,20 10 2 3 u& 

0.5 0 0 
341 
IM267 Po cxlu~lsp,u«on206tact-17 10 3 3 0.3 

0.5 0 0.5 0.9 
342 
IM431 Pocr.CNs*II"t7ons,llo 0.5 0 0 0 
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Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

343 
IM449 Po ct CN s1J0lap,50n20 0.5 0 0 0 

344 
IM307 Poct{CH2)16oh?*ll"siJOnu,20 10 0.5 0 0.026 

346 
IM496 Poctl"21,21olap 0.5 0 0 0 

348 
IM366 Po ct2CNsOOII2o 10 0.5 2 0.125 

0.5 0 2 2.0 
0.03 0 0 

347 
IM552 PoctBmaleic anhydride adduct5cx-s 0.5 0 0 0 

*II" a1J0n2oOue-u 
348 
IM402 P oct20"CN21olap*ll21 0.5 0 0 0 

349 
IM553 Poct6,9(11lmaleic anhydride 0.5 0 0 0 

adduct5cx-8 *II" a1J0n2o 
360 
IM28 Poct6,9(11lmaleic anhydrid 10 0 0 0 

adduct5ot-8 *II" 311,210n20 
SOl 
IM 166 Poßlu .. ona,20 10 0 1 O.Oo 

362 
IM227 Poßlu .. oluNOHs,2o • H20 10 3 3 0.3 

0.5 0 0 
363 
IM545 Poßl"2o*ll"scx 0.5 0 0 0 

304 
IM544 Po ß Ial2o*lls"' 0.5 0 0 0 

3oo 
IM436 Poß(CONH2}16otola .. onu,2o 0.5 0 0 0 

368 
IM418 PoßCN16 .. *11"siJOnu,2o 0.5 2.5 2 4.5 

0.1 2.5 2 22.5 
0.03 0 1.5 25.0 
0.015 0 1.5 00.0 

367 
IM383 Po ß CN2ool2oe*ll" s"' 0.5 0 0 0 

368 
IM388 Po ß CN2ool2oe*ll" 3/1,21 0.5 0 0 0 

369 
IM403 Po ß CN200l2oe*ll" a .. onn 0.5 0 0 0 

380 
IM398 Po ß" 21 CN2oolacx 0.5 0 0 0 

381 
IM399 PoßCN21ICN20*II"scx 0.5 0 0 0 

53• 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin3 methacin 3 indexb 

362 
IM 367 P Ii ß 2CNa66II2o 10 0 0 0 

363 
IM 394 P Ii ß 17 (20lCN2o*II" a"onn 0.5 0.5 1.5 2.0 

364 
IM 371 P Ii ß1 7 (20l"CN 20 *II" a" *IIol21 0.5 0 0 0 

365 
IM405 P Ii ß17 (20)" 21 CN 2oola"onn 0.5 0 0 0 

366 
IM408 P Ii ß17 (20l"CN2o*II" a" *II21onu 0.5 0 0 0 

367 
IM499 P Ii ß 20I" 21ola",17ola",17"onu 0.5 0 0 0 

368 
IM 370 P Ii ß 20"CN21ola"*Il21 0.5 0 0 0 

369 
IM 158 P4I2"olnp ,17 *II" 21 ona.2o 10 3 2.5 0.275 

(Methylcortisol acetate) 
370 
IM 51/h P4I2ctOh7*II"21ona,2o69p-n 10 3 3 0.3 

0.5 0 1.5 1.5 
371 
IM 51/j P4I2"olnp,t7*II"2tona,2oClg" 10 0 1.5 0.075 

372 
IM 51/f P41aocona,ll,20 10 3 3 0.3 

0.5 0 0 0 
373 
IM 51/c P416"olnpOna,2o 10 3 3 0.3 

0.5 0 0 
374 
IM220 P41aocoh 7ona,2o 10 3 3 0.3 

0.5 0.5 1 
375 
IM219 P416"' *II"t7ona,2o 10 3 3 0.3 

0.5 0 0 
376 
IM 51/i P4Iaocolnp,t70na,2o 10 3 3 0.3 

0.5 0 0 
377 
IM 242 P41eocolnp,17 ,21ona.2o (Methylcortisol) 10 3 0 0.15 

378 
IM209 P41aocolnp,l7 *II" 21 ona,2o 10 2 0.5 0.125 

(Methylcortisol acetate) 
379 
IM546 P4Iol2oona 0.5 0 0 0 

380 
IM416 P4J" 16c</*IOna,20 0.5 0 0 0 

381 
IM 155 P41al2oPona 10 0.5 0 0.025 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin"' methacin"' indexb 

382 
IM547 P4Ial2oona 0.5 0 0 0 

383 
IM466 P4CN1sotona,2o 0.1 3 0 1li.O 

0.015 0 0 0 
384 
IM475 P4CNlsotonaOOIII2o/I//2,2 0.5 1.5 3 4.5 

0.03 0.5 0 8.33 
38li 
IM225 P4I20P/NOHNOHs 10 3 3 0.3 

0.5 0 0 
386 
IM207 P4ß1ootol2oona 0.5 0 0 0 

387 
IM472 P41CN16otJOna,2o 0.5 0 0 0 

388 
IM 105 P5l16ot *II"ap0n2o 10 0 0.5 0.02li 

389 
IM201 P5I1sotolap,17on2o 10 0 0 0 

390 
IM200 P511s",lapan2o016ot-17 10 3 2 0.2li 

391 
IM465 P51" 16ot *II" aot,2o 0.5 0 0 0 

392 
IM415 P5I"lsotolapOOII2o 0.5 0 0 0 

393 
IM437 P5I"lsot*II" spOOII2o 0.5 0 0 0 

394 
IM438 P51" l6ot/*IolapOOII2o 0.5 0 0 0 

39li 
IM352 P5(CH2NH2)1sotolap0n2o 2 0 0 0 

396 
IM444 P5CN16otOlap,2o 0.5 1.5 3 4.5 

0.1 1 1.5 12.li 
0.03 0 0 0 

397 
IM464 P5CNlaot*II"sp,20P 0.1 0 2 10.0 

0.03 0 0 
398 
IM346 P5CN16a.olapan20 10 3 3 0.3 

(Pregnenolone-16a-carbonitrile, PCN) 1 3 3 3.0 
0.5 3 3 6.0 
0.2 3 3 15.0 
0.1 3 3 30.0 
0.03 2 3 83.0 
0.015 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

399 
IM413 P5CN16ot *II" aJlOn2o 0.5 2.5 2 4.5 

0.1 0.5 2 12.5 
0.03 1 1.5 41.67 
0.015 0 0 0 

400 
IM479 P5CNleot *VII" aJlOn2o 0.5 3 3 6.0 

0.03 1 1.5 41.67 
0.015 0 0 0 

401 
IM476 P5CN 16ot *suc"N aapon2o 0.5 3 3 6.0 

(PCN sodium hemisuccinate) 0.03 2.5 3 91.67 
0.015 2 1.5 116.67 
0.005 0 2 200.0 

402 
IM478 P5CN 16ot *adamantoateaJlOn2o 0.5 0.5 3 3.1) 

0.03 0 0 

403 
IM483 P5CN1a" *S" (NH4)aJlOn2o 0.5 3 3 6.0 

(PCN ammonium sulfate) 0.03 3 3 100.0 
0.015 1 0.5 50.0 

404 
IM423 P5CNlaotolaJlOn7 ,2o 0.5 3 1.5 4.5 

0.03 0 0.5 8.33 

401) 0.5 3 2 5.0 
IM429 P5CN16ot *II" apon7 ,zo 0.03 0 1.5 21).0 

406 
IM411 P5CN1eotonn,2ol.ll.llla 0.5 2.5 2 4.5 

0.1 2.5 2 22.5 
0.03 0 1.5 25.0 
0.015 0 15 1)0.0 

407 
IM414 P5CN1eotolapl.ll.lll2o 0.5 2.5 2 4.5 

0.1 2 2 20.0 
0.03 0.5 1.5 33.3 
0.015 0 0 0 

408 
IM412 P5CNleotonnl.ll.llla,2o 0.5 2.5 2 4.5 

0.1 0 2 10.0 
0.03 0 1.5 26.0 
0.015 0 0 0 

409 
IM461 P5CNleotolapl.ll.llll2otr//2,2 0.5 2 3 5.0 

0.03 2 0 33.3 
0.015 0 0 

410 
IM445 P5CN1e" *II" apl.ll.lll2o 0.5 1.5 3 4.5 

0.1 0 1.5 7.1) 
0.03 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo· Activity 
(mg) toxina methacina indexb 

411 
IM482 P5CNt6«olap(NOCHa)2o 0.5 1 1.5 2.5 

0.03 1.5 0 25.0 
0.015 0 0 

412 
IM462 P5CNto .. olapNOH2o 0.5 3 3 6.0 

0.03 2.5 3 91.67 
0.015 0.5 1 50.0 
0.010 0 0 

413 
IM404 PS"CN2o*II"ap*Il2t 0.5 0 0 0 

414 
IM474 P5~,4CNt6«ona.2o 0.5 0.5 3 3.5 

0.03 0 0 
415 
IM481 ps~.4CNt6"'onaOOIII2o/I/f2,2 0.5 0 0 0 

416 
IM71 P5IItG<Xola"on2o 0.5 0 0 0 

417 
IM469 P5JCNtoaola",n2o 0.5 0 0 0 

418 
IM409 PSII''t6«/*II// CN/I/2olapon2o 10 0 0 0 

419 
IM210 P5llit6a/I//20la"on2o 0.5 0 0 0 

420 
IM467 P51" yi&Ct6tl-2o *II" 311 0.5 0 0 0 

421 
IM 52 P1•416 .. olul1,17 ,21 ona,2o 10 3 3 0.3 

(Methylprednisolone) 0.5 0 0 0 
422 
IM 52/a P1 •4I6 .. oln11,17*II" 21ona,2o 10 3 2 0.25 

(Methylprednisolone acetate) 0.5 1 2.0 
423 
IM 221 p1,4J6 .. olnß,17*suc''N a21 ona,2o 10 3 1.5 0.225 

0·5 0 0 
424 
IM218 pl,4fe .. olnp,t70fi3,20F 9« 10 2 0 0.1 

425 
IM 51/e pt,4fo .. olnp,t70na,2oF 9«,21 10 1.5 0.15 
426 
IM345 P1·4It6«olup,t7 *II"21 ona,2oF 6« 10 0.5 1.5 0.1 

(Methylprednisolone) 
427 
IM 152 P1•4Itoo:olup,t7*II"2tona,2oF9" 10 3 0 0.15 

(Dexamethasone acetate) 1 3 1.5 2.25 
0.5 2.5 0.5 3.0 
0.1 3 1 20.0 
0.03 3 0 50.0 
0.015 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

428 
IM527 P1•411&ot0l11ß,17 *Bz" 21/S"Naf130"fl3,2oF 9ot 0.5 0 1.5 1.5 

0.03 0 0 
429 
IM 151 p1,4I16tJOhu,17*ll"21ona,2oF9" 10 2 0 0.1 

(Betamethasone acetate) 2 3 3 1.5 
1 2 1.5 1.75 
0.5 1.5 1.5 3.0 
0.1 0 1 1),0 

430 
IM95 p1,4I21olnp,17*ll" 21ona,2oF 9ot 10 3 2 0.21) 

(Fluperolone acetate) 0.5 0 0 
431 
IM289 p3,5Jal6 *II" 21 on2o6Iapmethyl- 10 2 3 0.21) 

oxazolyh6ot-17 0.5 0 0 

432 
IM459 pa.scN 6 *II" 16ot0n2o6Ia 0.5 0 0 0 

433 
IM458 P3·5CN 6olnll,17ot *ll"21on2o6Ia 0.5 0 0 0 

434 
IM455 pa.scN 6 *ll"21onn,2o6llapJclf/2 0.5 0 1 1.0 

66I16ot-17fi,IF9ot 
431) 
IM456 pa.scN 6olnp *III" 21/If/2, 20n2o6IIa/ Clf/2 0.5 0 0 0 

66Il6ct-17/I,IF9ot 
438 
IM457 p3,5CN 60lnp*II" 210n2o6IIa/CII/2 0.5 0 0 0 

66I16ot-17JI,IF9ot 
437 
IM470 P3•5CN16otOn7 ,2o 0.1 0 0 0 

438 
IM471 P3•5CN1ootolaon7,2o 0.1 0 0 

439 
IM 167 p4, 6!17 *II" atJOn2oCl6 10 3 3 0.3 

0.5 0 0 
440 
IM279 p4,6I1ot-2*II"17ona,2oCl6 10 3 3 0.3 

(Cyproterone acetate) 1 2.5 3 2.75 
0.5 2 3 o.o 
0.1 0 0.5 2.5 

441 
IM 175 P4•61o,170"fl3,20 10 3 3 0.3 

0.5 0 1.5 1.5 
442 
IM503 p4,6Jo(CH2)16*II"170"fl3,2o 0.5 0 0 0 

443 
IM295 P5•1616*II" atJOn2o 10 0 3 0.10 

444 
IM268 P5•16I16*I"apon2o 10 3 1 2 



Synopsis of 500 Steroids Tested for Their Ability to Prevent Digitoxin 831 

Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxina methacina indexb 

441) 
IM373 P5•17<20l"CN2o*II"stJ*II21 0.5 0 0 0 

446 
IM278 Pn 194*VI"17ona,2o (Depostat) 10 3 3 0.3 

0.5 0 0 
447 
IM407 Pn194·9·11CN2o<ohoona 0.5 0 0 0 

448 
IM477 pSct(S) Ii ot CN16o:Ol6tJOll20 0.5 2 3 o.o 

0.03 0 0 0 
449 
IM480 pso:(5) 5 otCNlao:olstJ88III2o/I//2,2 0.5 1 3 4.0 

0.03 0 0 0 
460 
IM 144 P9ß,10ot4ona,2o (Retroprogesterone) 10 2 3 0.25 

461 
IM 349 CH5 ßolao:,l21X,24 10 0 1 0.05 

452 
IM296 CHof3"24 (Cholanic acid) 0.5 0 0 0 

463 
IM493 CH 5 ß" 24olao: 0.5 0 0 0 

4M 
IM485 CHiiß"24olso:,6ct 0.5 0 0 0 

451i 
IM492 CH5ß"24ola",7"' 0.5 0 0 0 

456 
IM490 CH5ß"24ola",12o: 0.5 0 0 0 

41i7 
IM488 CH 5 ß"24olao:, 7o:,l2"' 0.5 0 0 0 

41i8 
IM311 [CH Ii ß" olao:,l2"' *II24/N/fi,II,n]Br- 10 0 0 0 

41i9 
IM550 CH5ß"olsoc,7<X,l2o:*I24 0.5 0 0 0 

460 
IM310 [CH5 ß" olao:, 7ct,l2ct *II24/N//I,II,n]Br- 10 0 0 0 

461 
IM541 CHoß"24ona,7,12 0.5 0 0 0 

462 
IM487 CH Ii ß"24ols,.onn 0.5 0 0 0 

463 
IM 117 CH o ß"*I24 *I!" so:, 7o:on12 10 0 0 0 

464 
IM309 CHo ß"*II24tN11n,uona,12 · HCI 10 0 0 0 

465 
IM491 CH5"24olso: 0.5 0 0 0 
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Table 135B (continued) 

Group SSSName Dose Digi- Indo- Activity 
(mg) toxin6 methacina indexb 

466 
IM282 CH5" olsp*I24 10 0 0 0 

467 
IM554 CHSPh24,24olsp,24 0.5 0 0 0 

468 
IM 124 CHn 241) W' olscx,12cx *I23 10 3 3 0.8 

(Methyl nordeoxycholanate) 0.5 0 0 0 

469 
IM376 CHn(24) Ii PCN2ools,.onu(CONH2)2o 0.5 0 0 0 

470 
IM401 CHn(24) lip"CN2o*ll"3cx*II21onu 0.5 0 0 0 

471 
IM 107 CHTii«ol3p (Dihydrocholesterol) 10 0 0 0 

472 
IM 114 CHT4ons (Cholestenone) 10 0 0 0 

473 
IM 104 CHTS*II"sp (Cholesteryl acetate) 10 0 0 0 

474 
IM530 CHT5*IX" 311 0.5 0 0 0 

471) 
IM531 CHT5* carbonateacxJ•XVIII9 0.5 0 0 0 

476 
IM 198 CHTS*S"Na311 0.5 0 0 0 

477 
IM348 CHT5olspan7 10 3 0 0.11) 

478 
IM529 CHT5Clsp 0.5 0 0 0 

479 
IM532 CHTS*I"Clsp 0.5 0 0 0 

480 
IM558 CHTSolspHgCls 0.5 0 0 0 

481 
IM 138 CHT5• 7*Bz" sp 10 0 0 0 

(Dehydrocholesteryl benzoa.te) 

482 
IM232 CHT(N02s)Sola11 10 0 1.5 0.071) 

483 
IM341 ER Ii Clt22olspanu 10 0 0 0 

484 
IM299 ER1i«S,22*11" spanu 10 0 0 0 

481) 
IM536 ER4,7,22ons 0.1 0 0 0 
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Table 135B (continued) 

Group SSS Name Dose Digi- Indo- Activity 
(mg) toxin& methacin& indexb 

486 
IM535 ER5, 7 ,22ola/J 0.5 0 0 0 

487 
IM551 ER5,7,9(11J,22*II"a/J 0.5 0 0 0 

488 
IM537 ST o (a22olacz 0.5 0 0 0 

489 
IM538 STo(a22*II"acz 0.5 0 0 0 

490 
IM 103 ST5ola/J (ß-Sitosterol) 10 0 0 0 

491 
IM534 S'f4.22ona 0.5 0 0 0 

492 
IM533 ST5,22ola/J 0.5 0 0 0 

493 
IM204 SPoct*II"a/J 10 0 0 0 

494 
IM203 SP o ct *II" a1J0n12 10 0 0 0 

496 
IM205 SPo(aols11 10 0 0 0 

496 
IM 137 SP5*II"a11 10 0 0 0 

497 
IM202 SP5ola1J0n12 10 0 1.5 0.076 

498 
IM291 SP oa9<11l*II"a11 10 0 0 0 

499 
IM542 CARo (a20!22llahg1J0ls,t4/J*Ra 0.5 0 0 0 

900 
IM494 Dammaran-n3117 !20loa,8a,9(a, 0.5 0 0 0 

13a,l4(al''2tOlucz*IIacz,l8/J 

The "Activity Index" is based on the formula D2+1 X _!:.__ where D = rea<ling 
mg 

for digitoxin, I = indomethacin, and mg = the dose tested. Thus, the index refl.ects 
overall activity against both substrates at any one dose Ievel. The highest Activity 
Index rea<ling for each steroid is emphasized by boldface numerals, but direct inter
comparisons are possible only at correspon<ling dose Ievels. Naturally, a compound 
tested only at the high Ievel of 10 mg per dose could not reveal its full potency in this 
method of expression, but if it had little or no activity, lower doses were not tested. 
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On the other hand, steroids available only in very small amounts could be assayed 
only at dose Ievels too low for comparison with many other compounds. 

For simplicity's sake the compounds are designated and sequentially enumerated 
according to the rules of the "SSS Nomenclature of Steroids" (cf. p. 774). 

Second Step: Determination of"Protective Spectrum" 

Having selected the most promising protective substances by first screening them 
for activity against digitoxin and indomethacin, we proceeded to appraise the 
"Protective Spectrums" of the most potent ones among them. These compounds 
were now tested against a heterogenous set of 10 pathogens, widely differing in their 
chemical structure andin the organ changesthat they elicit. 

The statistical significance of the results was computed (asoutlined on p. 771) 
for the inhibition or aggravation of the changes produced by each of the 10 model 
toxicants. Mter this, the "Overall Protective Indexes" ("OPI") and the "Protective 
Spectrum Index" ("PSI") were calculated, as rough indications of the mean degree 
and the specificity of protection, that is of the quantitative and qualitative pro
phylactic potencies respectively. These data are summarized in Tables 136, p. 836 
and 137. 

For the 10 toxicants enumerated in the caption of Table 136 the techniques of 
administration and the manner in which protection is expressed have been described 
in an earlier paper (Selye G 70,420/71), as weil as in the sections devoted to the effect 
of various steroids upon each toxicant in this monograph. Sufflee it to recall that the 
highest possible degree of protection corresponds to grade "3", the "OPI" expresses 
the mean grade ofprotection, whereas the "PSI" gives the percentage ofthe toxicants 
tested against which significant protection is obtained (irrespective of the degree of 
significance). These two indexes - given in the last two vertical columns of Table 
136 - do not run strictly parallel but the various compounds tested for protective 
potency are Iisted roughly in decreasing order of their OPis. Whenever the material 
at our disposal permitted it, compounds active at a certain dose were retested at a 
lower dose Ievel. Of course, the two indexes were not calculated for dose Ievels at 
which, because of toxicity or Iack of material, not all protective compounds could be 
tested (marked with a dash); hence the OPI and PSI are listed only for the highest, 
but still weil tolerated, dose of each protective compound. The last two horizontal 
Iines in Table 136list the indexes for the amenability ofthe toxicants to detoxication 
by the conditioning agents as explained on p. 772. 

Perusal of Table 136 indicates that almost all steroids were active in offering 
protection, at least against some of the damaging agents; but this is so merely because 
most of the steroids tested here were included in this study precisely because they 
had shown some potency in preliminary tests. 

It is noteworthy that among all steroids tested PCN (Cpd. 1 ), again exhibited the 
highest catatoxic activity as judged by both indexes. It was even more active than 
any ofthe other 16oc-carbonitriles tested against all 10 substrates. CS-1, spironolactone, 
Cpds. 4, 5, cyproterone acetate, ethylestrenol, norbolethone, TMACN and Cpd. 10 
were almost equally efficacious at the highest dose (10 mg), but at the 500 [Lg dose 
Ievel, activity feil roughly in the order in which the compounds al'e mentioned here. 
Indomethacin and digitoxin are most readily detoxified by these steroids - in the 
case of PCN even at the dose Ievel of 300 fLgfkg. However, the general indexes of 
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activity are not very meaningful at the low dose Ievels at which efficacy against other 
toxicants has not been examined; hence they are listed only for the optimal protective 
dose. It will be noted that usually this is 10 mg (the highest dose tested) but in the 
case of such compounds as the strong glucocorticoids or estradiol, inherent toxicity 
of heavy overdosage counteracts the protective effect against drugs by causing severe 
mortality. In these instances, lower dose Ievels were selected for the computation 
of the OPI and PSI (last two vertical columns at right). 

On the other hand, Cpd. 34 and the steroids listed after it in Table 136 exhibit 
only negligible if any activity, with the exception of occasional strong inhibitory 
effects (grade 2 or 3) against individual toxicants (e.g., pregnanedione against 
parathion, hexobarbital and indomethacin; progesterone against indomethacin; 
11 oc-hydroxyprogesterone against indomethacin, hydroxydione against digitoxin, 
DOC against nicotine). This singular specificity of protection among compounds 
having a very low, if any, protective effect against other substrates may well depend 
upon specific so-called "physiologic antagonisms" (e.g., the anesthetic effect of 
hydroxydione or the mineralocorticoid action of DOC), but further experiments will 
be necessary to prove this. 

A glance at the OPI and PSI of the toxicants (last two horizontal lines at the 
bottom of Table 136) shows that digitoxin, dioxathion, hexobarbital, progesterone, 
indomethacin and DHT were most readily detoxified by the largest nurober of 
conditioning agents, whereas parathion, nicotine, zoxazolamine and especially the 
infarctoid cardiopathy produced by fluorocortisol + Na2HP04 + corn oil were 
most resistant. 

Among the nonsteroidal agents of Table 137 rather specific antagonisms were 
quite common. For example, ACTH increased resistance to the neuromuscular 
bloclring action of zoxazolamine, although it hadlittle if any effect against other agents. 

Vitamin E offered some protection against DHT; whereas acetylsalicylic acid 
protected against progesterone anesthesia, zoxazolamine paralysis and indomethacin 
ulcers, but these compounds offered no noteworthy protection against other toxicants. 

Bile duct ligature offered complete protection against DHT-induced calcinosis, 
the F-COL + Na2HP04 + oil cardiopathy and indomethacin ulcers, but the 
mortality was not completely prevented and hence, the grade of protection - which 
reflects the mean inhibition of lesions plus mortality - is comparatively moderate. 
It is very likely that occlusion of the choledochus acts by preventing bile secretion, 
thereby interfering with Iipid absorption and the enterohepatic circulation of drugs. 

Digitoxin, indomethacin, vitamin A and vitamin D - all of which are readily 
detoxified under the influence of catatoxic steroids - do not act as inducers of 
protective enzymes against any of the substrates tested. Obviously, there is no 
relationship between amenability to detoxication by steroid-induced enzymes and 
the power to induce such enzymes. 

As with the steroidal protective agents, indomethacin intoxication appears to be 
particularly easy to prevent, but digitoxin poisoning (which is Iikewise combated by 
virtually all catatoxic steroids) is singularly resistant to protection by nonsteroidal 
agents, with the exception of nicotine and phentolamine. 

Among the nonsteroidal agents, the highest general protective indexes are ex
hibited by phetharbital, diphenylhydantion, phenobarbital and phenylbutazone, but 
at high dose Ievels, tolbutamide and compound W-1372 arealso quite efficacious. 
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Third Step: Identification of Damaging AgentsAmenahle to Prophylaxis 847 

The infarctoid cardiopathy produced by fluorocortisol + Na2HP04 + corn oil, 
which is inhibited by several steroids (particularly spironolactone and spiroxasone, 
among those listed in Table 136), was consistentlyresistant to prophylaxis by any of 
the nonsteroidal drugs in Ta ble 137. Of course, potassium salts ( e.g., KCl) or potassium
sparing agents (e.g., amiloride, triamterene) offer excellent protection against this 
cardiopathy, as shown by our previ_ous investigations, and since spironolactone and 
spiroxasone likewise retain potassium, it is probable that here they also act primarily 
through this mechanism. 

The relative amenability of the other toxicants to protection by nonsteroidal 
conditioning agents can be most readily appraised on the basis of the indexes listed 
in the last two horizontallines of Table 137, p. 848. It will be seen that indomethacin 
and dioxathion have the highest PSI, but in general, the overall protective effect of 
these nonsteroidal agents falls far short of that of the steroids listed in Table 136. 
Indeed, whatever overall protective values can be ascribed to the set of nonsteroidal 
agents are mainly due to the comparatively high efficacy of phenobarbital, phethar
bital, diphenylhydantoin, phenylbutazone, and to a lesser extent, of tolbutamide 
and W-1372; the other agents in this list are either inactive or offer protection only 
against very few toxicants. 

Third Step: ldentification of Damaging Agents Amenable to Prophylaxis 

As previously stated, this third step of the screening procedure was designed 
primarily to identify the types of compounds that can be detoxified by steroids. 
However, for comparative purposes, we have also tested thyroxine and pheno
barbital under identical conditions, as examples of nonsteroidal agents previously 
shown to influence resistance against many toxicants. The steroids included in this 
battery of tests were purposely selected to comprise proven syntoxic or catatoxic 
substances, as well as compounds which had never been shown to protect against 
any toxic agent. 

The prophylactic steroids were administered, as outlined on p. VIII, in 1 ml water 
by a stomach tube, twice daily, from the first day until termination of the experiment, 
unless otherwise stated in the footnotes. Thyroxine was administered at the dose of 
0.2 mg in 0.2 ml water s.c., once daily, and phenobarbital at the dose of 6 mg in 
1 ml water p.o., twice daily, as described in Table 137. The treatment with the toxi
cants and the assessment of the lesions they produce was again expressed as outlined 
on p. 834. The results are summarized in Table 138, p. 850. 

In this series of experiments, the "OPI" and "PSI" refer to the amenability ofthe 
individual damaging agents to the protective effect of the compounds listed in the 
caption of Table 138. In other words, in the two last vertical columns of Tables 135, 
136, 137, these indexes were computed to express the protective action of many 
agents against a standard set of toxicants, whereas in Table 138 (as in the two last 
horizontal lines of Tables 136, 137) they are meant to reflect the amenability of 
diverse toxicants to inactivation by a standard set of potential prophylactic agents. 

In Table 137, the damaging agents are listed merely in alphabetic order but a 
glance at the OPI column reveals that the toxicants most amenable to prophylaxis by 
diverse agents are: cocaine, cyclobarbital, cycloheximide, digitoxin, EPN, ethion, 
ethylmorphine, glutethimide, hexobarbital, indomethacin, methyprylon, nicotine, 
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phenyramidol, picrotoxin, and piperidine. The PSI of these toxicants runs roughly 
parallel to their OPI, that is to say the agents whose toxicity is most significantly 
impeded by various prophylactics are, in general, also detoxified by the largest 
nurober of potentially prophylactic substances. 

Several substrates in Table 138 are very amenable to detoxication but only by 
few compounds; hence, despite their great activity in one or two respects, they have 
extremely low general protective indexes. For example, mercuric chloride is almost 
completely detoxified by spironolactone, yet its overall amenability to protection is 
very low, because its detoxication depends upon a steroid-borne thioacetyl group. 
In this series of conditioners, such a substituent occurs only in this particular steroid. 
Similarly, the intoxications amenable to protection by glucocorticoids only (lathyro
gens, ganglioplegics, croton oil, E. coli, pralidoxime, strychnine, ethylene glycol), 
give comparatively low overall protective indexes, because only two of the pro
phylactic substances tested possess strong glucocorticoid potency. 

Reading the columns in Table 138 vertically, we confirmed that the best protection 
against the largest nurober of toxicants is offered by the typical catatoxic steroids: 
PCN, ethylestrenol, CS-1, spironolactone, norbolethone, and oxandrolone. 

Furthermore, some systemic toxicants (e.g., cyclobarbital, methyprylon, SKF 
525-A, d-tubocurarine) are combated both by catatoxic steroids and by the two 
glucocorticoids included in this series. Several other drugs (e.g., barbital, cinchophen, 
cocaine, ethion, meprobamate, picrotoxin, thiopental, tribromoethanol, trichloro
ethanol) areweil detoxified by prednisolone but not by triamcinolone, although the 
latter is the more potent glucocorticoid. Presumably, prednisolone possesses both 
catatoxic and syntoxic properties. Yet, here again we must remernher that such in 
vivo tests can only determine whether a compound is or is not amenable to detoxica
tion by steroids that have syntoxic or catatoxic actions with respect to other sub
strates. Further investigations will be required to identify the underlying mechanism. 

DOC, hydroxydione, estradiol and thyroxine are comparatively ine:ffeetive both 
as regards the intensity and the spectrum of protection. In fact, in many cases, 
pretreatment with thyroxine results in toxication rather than detoxication. In the 
computation ofthe OPI and PSI, the results oftoxication arenot deducted from those 
of detoxication, but merely considered as "0"; hence the aggravating effect of 
thyroxine emerges only from the MPI. 

In general, intoxications that can be inhibited by catatoxic steroids are also 
amenable to prophylaxis by phenobarbital. Yet, here again, there are exceptions: 
chlordiazepoxide, cyclophosphamide, digitoxin, digitoxin + Na2HP04 + corn oil, 
haloperidol, mephenesin, triamcinolone, tribromoethanol, and tubocurarine, though 
readily detoxified by most catatoxic steroids, are virtually resistant to phenobarbital. 
In several other instances, phenobarbital is effective, but much less so than the most 
potent catatoxic steroids. The converse is rarely if ever the case; among the intoxica
tions tested, only strychnine and piperidine poisoning responded much better to 
phenobarbital than to catatoxic steroids, but perhaps here, the hypnotic effect of 
the drug played a special role. 

It must be emphasized that we cannot draw far-reaching conclusions as to the 
specificity of eatatoxic and syntoxie steroid actions from this experimental series, 
since in some groups, the nurober of experimental animals may have been too small to 
compensate for individual variations in susceptibility. Furthermore, the conditioners 

55 Selye, Hormones and Reslstance 
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were administered in fixed amounts; dose effect curves would be required in each 
case to make more meaningful comparisons. Still even these data suffice to show that 
there are qualitative differences in the prophylactic actions of the various condition
ing agents. 

In surveying Table 138, it is striking how few conditioning agents induced a 
considerable decrease in resistance (- 2.5 or more) to the toxicants tested. This is all 
the more noteworthy since overdosage with two drugs (the toxicant and the con
ditioning agent) might be expected tobe more difficult toresist than treatment with 
the toxicant alone. Most of the apparent decreases in resistance were seen after 
conditioning with prednisolone and triamcinolone, but of course here the toxic effect 
of heavy glucocorticoid overdosage (loss of body weight with a predisposition for 
spontaneaus infections) was probably the decisive factor. In addition, when given 
in combination with DOC-Ac + NaH2P04 , the glucocorticoids notoriously sensitize 
to myocardial necrosis. Furthermore, when triamcinolone was used as a toxicant, it 
was obvious a priori that additional treatment with the same or another gluco
corticoid would aggravate the overdosage syndrome. It is perhaps more remarkable 
that intoxication with hydroquinone was greatly accentuated by triamcinolone. 

Among the other steroids, Iet us point out that PCN appears to sensitize to the 
toxic effects of propionitrile, whereas estradiol considerably aggravates poisoning 
with OMPA and triamcinolone. Thyroxine markedly diminishes resistance to 
epinephrine and propionitrile, but to a lesser extent, it also accentuates the toxicity 
of several other agents and rarely offers protection. 

Synoptic "Diagram Table" 

The "Diagram Table" (Table 139) graphically summarizes the highlights of 
Table 138 except that: 

1. The results are registered onlyfor inhibitions (not for aggravations) ofintoxica
tions. 

2. Intermediates between the four basic grades (0, 1, 2 and 3) are disregarded 
in that: 

0 = 0.5 or less 
~=1 
.... = 1.5 to 2 
• = 2.5 to 3 

The absence of any sign indicates that the corresponding experiment has not 
been done. 

3. Here, the toxicants are listed according to decreasing "Total OPI" values. 
When thus arranged, it becomes particularly obvious that among the hormonal 

conditioning agents, PCN is effective against the largest nurober of toxicants and 
its protective potency roughly parallels that of phenobarbital at the dose levels 
employed here. However- as mentioned in discussing Table 138 - the parallelism 
in the protective value of these two compounds is not absolute. Tables 138 and 139 
clearly show furthermore that (in addition to PCN) ethylestrenol, CS-1, spironolactone 
and oxandrolone have high protective potencies, prednisolone and progesterone are 
much less active, whereas triamcinolone, DOC, hydroxydione, estradiol and thyroxine 
protect only against very few toxicants. 



Synoptic "Diagram Table" 

Table 139. "Diagram TalJle" a 

Methyprilon •••••••••• 0[!]~0 

Picrotoxin ·········O~L!JOO 
Indomethacin ••••••••• OL!JOOO 

lli~•••••••••oooL!Io 
Cocaine ······~·~00[!].0 

EPN •••••••000~~~0 
cyciobarbital ••••••••o•oooo 
mutethimidc ••••••oo•o•oo~o 

Ethylmorphine ·····~~[!]~0~0·0 
Hexabarbital •••••••• 0[!]00[!]0 

Cycloheximide ••••••• 0• 0 [!) [!) 00 
Piperidine •o••o••o••[!]•O[!] 
m~w·······O[!]O~OOO 

Digitoxin o••····~~oo•oo 
Phenyramidol ••••••_..~0000•0 

Progesterone •••••• ~ •00 0 0 [!]0 
Meprobamate ••••••••000000 

Dm·~·-~··~~ ... 0000 
SKF525-A (!]~(!]··[!)····0(!]00 

Theophylline ••••o ~~••o 0 000 
~~ili~·~·····O[!]OOL!IOO 

LsD L!l•••o•o•l!l•oo•o 
Guthion ••••••• [!]000000 

d-Tubocurarine o•••• ... o .... •oooo 
Aminopyrine (!] ••• [!] •o••• 0 000 

Thiopental •••••o...,•oooooo 
W1372 ~•~••AIIIIL!IO~O[!]O_.o 

Trichioroethanoi ....... ~0•000000 

Tribromoethanol o•••••o•oooooo 
L-Tyrosine ···~AIIII[!]O~[!]~OOOO 

Mephenesin 0 •••••00000 1!1000 
Dioxathion ~~~ ... ~~~~00~0~0 

calchicine ~•~••o~OOOOOOO 
cinchophen ••~o•~EJ•oooooo 

Dig+Na,HPO.+Oil 0~~· .... ·~0~00000 
PIT •••o•oooooooooo 

strychnine •oooooo•u•oo•o 

857 

a In this Table the compounds are enumerated in the same order as in Table 138. However, 

in the latter, grades of 0.5 or less were also considered whereas here they were taken as 0 (0). 

Furthermore, no distinction is made here between 1.5 and 2 or 2.5 and 3. This explains the minor 

discrepancies between the grading judged by the pictorial symbols and the sequence in which 

the compounds are listed. 
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Table 139 (continued) 

Propylthio. Allllolllllllll.ollllllloliiiiiiii...IIIII...IIIII...IIIIOOOOOOO 
Niketamide AIIIII!J AIIII...IIIIO...IIIIOOAIIIIO A!II!J...IIIIO 

Cyclophosphamide 0. [!] •• ...1111 0 0 ...111110 0 000 
Pancuronium OAIIII~··OO.O...IIIIOOOO 

Haloperidol OAIIII...IIIIAIIIIAIIII...IIIIAIIIIAIIII~OOOOO 
Acetanilide ...IIIIAIIIIAIIIIAIIII.oiiiiiii...IIIIOAIIIIOOOOOAIIII 
Parathion .AIIIIAIIII...IIIIIAIIIIAIIIIOOOODDDO 

Naphtylisothiocyanate ••••ooOOOOOOOO 
Mersalyl 00...11110 • ...11110.0[!]0000 
ru~OAIIII~O~DO.DAIIIIDO.I!l 
Aü0000000·(!]·(!]0(!]. 

Theobromine ••o•oooo•ooooo 
Imipramine • ...IIIIIAIIII...IIIII...IIIIIOODOODOOO 
Chlordiazep. 0 ••• [!][!] 0 000 0 000 
Thimerosa! 0 Allll...lllll ~[!] ...11111 0 I!JOO OOAIIIIO 

Flufenamicac oliiiiiiii...IIIII...IIIIAIIIIAIIIIOOOOOOOOO 
Triamcinolone 0 •o• ...11111 .<11111 0 0 0 D D DD 0 

Dicumarol OO[!]~...IIIIII!J...IIIIIDODDD•D 
Zoxazolamine ~·.<IIIIIAIIII~DDDDDDDDD 
Fluphenazine 0. [!]. 00 0 [!] 0 0 [!] 000 
Carisoprodol 0 ~ [!] • ...11110 0 AllliD 0 0 000 

Clycerol DDAIIIII!JD[!]O.<IIIIII!JDDDDAIIII 
~A...IIIIIDDDDDD•o•OD[!]D 

Pentylenetetrazol [!]. 0 0 0. 0 0. 0 0 Ot:J 0 
Methylsalicylate 0...1111 olllllllllolllllllllolllllllllolllllllll 00000000 

Acrylamide ••0...111110000000000 
Hydroquinone ollllllllloliiiiiiii.I!.JOOOOODOOOO 

F -COL+Na.HPO,+Restr. I!.JAIIII 0...1111...1111 0 0 0 0 0 0 [!] 00 
F -COL+Na.HPO,+Oil 0...11110 Alllloliiiiiiiii!.J 0 0 00 0 000 

DL-Coniine DAIIIIDDDODAIIIIOAIIOD...IIIIID 
Pralidoxime Cl 00[!]000D.DAIIII ODI!.JO 

n-Methylaniline Allllollllllllll!l OOI!l D 0 DD D 000 
F,COL+NaClO,+Oil I!.J...IIIIOAIIIIAIIIIOOOODOOOO 

HgC12 oooo•ooO...IIIIODOI!.JO 
Tyramine OOOO[!][!JO[!]D.oiiiiiiii!.JOOD 
CrotonOil 0...111100000...11110...11110000 

p-Nitroanisole O...IIIIDOODOOO...IIIIIDOOO 
Hexamethonium DODODOO•o•OODO 
Ethylene glycol 0000000...1111 0...1111000• 
CaramiphenHCl Doliiiiiiiii!JDDDDI!.JDDDDDD 

Endotoxin DDDDDOD...IIIIID.DDDD 
Hydrazine DDDDDDD...IIIIOAIIIIODDD 

Neostigminc Br . ....IIIIIAIIIIDDDD DD 000 0 00 



Varia 

Table 139 (continued) 

" 
~ "ö 1:1 " 1 " 1:1 .s § " § " " ;[ " " ~ ~ ~ " " ~ ] " tl ~ "ö 

'* ·5 0 ] ·§ .g .;!I 1 " " § "ö "' " 5), s 0 "" " 5 ;:. .... -ß ; "' 0 ~ ] 
~ " ..d • ·"= Jl ~ 

.. 
0 ..d ..., 00 

"" 0 " ~ &' ~ P-< P-< ~ 0 ooZ 0 A 

Dipicrylamine 0 ... 0 .... 0000000000 
Emetin 0~0~0000000000 

Physostigmine OOI!JI!JOOOOOOOOOO 
Diphenylhydantoin I!JOOI!J [!] 00 0 0 0 00 00 

nm~OOOOOOOOOOOOO 
Pipradol ~000000000000 

HomatropineHBr ~000000000000 
Methadone 00~00000000000 

Arsenic Pentoxide I!JOOO I!JOOOO 00000 
DOC-Ac+NaHsPO, OOOOOOOOOOOOO.ollllllll 

3, 3, 5-Triiodo-L-Thyronine 0000 OI!JOOOOOOOO 
Barbital 0000000~000000 
NaCJO, 0000000000000~ 

Doxepin OOI!JOOOOOOOOOOO 
Warfarin 000[!)0000000000 

Tri-o-cresyl 0000000000000[!) 

No significant protection was obtained by any of the conditioners against: 

DFP Bromobenzene 
TICI Brompheniramine 
Propionitrile Dimercaprol 
Griseofulvin Dinitrophenol 
DL-Amphetamine Endrophonium 
Tremorine Yellow phosphorus 
Estradiol + NaH2P04 Ephedrine 
Heptachlor Ethyl alcohol 
OMP A Ethylene chlorohydrin 
Epinephrine Nephrectomy 
Mechlorethamine Methylphenidate 
o-Aminophenol InCla 
Fasting Morphine 
Bile duct ligature Pyrilamine 
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Conney F88,649f67: A review of the 
Iiterature on more than 200 drugs Ieads to the 
conclusion that "there is no apparent relation
ship between either their actions or structure 
and their ability to induce enzymes. It is of 
interest that most of the inducers are soluble 
in lipid at a. physiologica.l pH." 

by the addition of various corticoids to the 
culture medium. Cortisol, corticosterone and 
aldosterone are particularly active in this 
respect, whereas pregnenolone, progesterone, 
DOC, 11-desoxycortisol, 17oc-hydroxyproges
terone, and Uoc-hydroxyprogesterone had 
little activity. Uß-Hydroxyprogesterone and 
11 ß,17 oc-dihydroxyprogesterone exhibited in-

MosCOM & Piddington F90,487f67: In 
retinal explants of 12-day chick embryos, 
glutamine synthetase activity can be induced 

termediate degrees of activity. Apparently, 
"the 11ß-position is of primary significance in 
the activity of these molecules in inducing 
retinal glutamine synthetase in this system. 
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Table 140. Effect of the Btandard conditioners upon body and organ weights 

Treatmenta Final body Li ver Kidney Preputial glands 
weight weight weight weight 
(g) (g) (mg) (mg) 

None 131 ±2 5.0±0.1 533.1 ± 8.9 48.8 ± 1.9 
PCN 130±2NS 7.4 ± 0.2 *** 518.4 ± 8.0 NS 51.4±2.3NS 
CS-1 140 ± 3 * 6.4 ± 0.2 *** 528.7 ± 10.6 NS 68.9 ± 3.3 *** 
Ethylestrenol 142 ± 3 ** 5.8 ± 0.1 *** 512.8 ± 6.9 NS 106.5 ± 5.4 *** 
Spironolactone 138 ± 2 ** 5.9 ± 0.1 *** 484.9 ± 6.4 *** 47.1 ± 2.9NS 
Norbolethone 144 ± 3 *** 5.6 ± 0.2 ** 529.0 ± 10.7 NS 99.7 ± 4.8 *** 
Oxandrolone 135± 2NS 5.1 ±0.1 NS 520.1 ± 8.4 NS 88.0 ± 3.1 *** 
Prednisolone-Ac 82 ± 1 *** 7.1 ± 0.2 *** 726.6 ± 12.2 *** 43.3±2.9NS 
Triamcinolone (2 mg) 90 ± 2!.!! 5.9 ± 0.2 *** 609.6 ± 10.4 *** 42.1 ±2.8NS 
Progesterone 130± 3NS 5.3 ±0.1NS 531.1 ± 6.3 NS 66.3 ± 2.6 *** 
Estradiol 90±3*** 6.1 ± 0.3 *** 666.3 ± 17.0 *** 41.9 ±4.6NS 
DOC-Ac 125 ±2NS 4.9 ±0.1NS 546.7 ± 8.3 NS 54.1 ±2.5NS 
Hydroxydione 124 ± 2! 4.9 ±0.1 NS 546.5 ± 13.7 NS 56.9 ± 2.6 * 
Thyroxine 127 ± 2NS 5.7 ± 0.1 *** 618.7 ± 8.3 *** 54.8 ±4.1NS 
Phenobarbital 129±2NS 6.8 ±0.2 *** 554.7 ± 11.8 NS 62.0 ± 3.2 *** 

a 25 ~ 100 g rats per group. Alltreatments were given at the standard dose Ievels (cf. p. VIII) 
from the 1st to the 8th day. Final body weights were registered on the 9th day at which time the 
organs were fixed in formalin saturated with picric acid. All organ weights are listed as a per
centage of the final body weight. (Student's t-test comparing all weights with the corresponding 
values of the untreated controls.) 

For further details on technique of tabulation, cf. p. VIII. 

This conclusion is further supported by the 
fact that cortisone, which has a ketone group 
in the 11-position, had no effect under these 
conditions." 

Wattenberg et al. G71,805f68: In rats, the 
relationship between chemical structure and 
benzpyrene hydroxylase activity was studied 
on a large series of 2-phenylbenzothiazoles. 
"Introduction of an appropriate halogen into 
the 4'-phenyl position approximately doubles 
inducing activity compared to unsubstituted 
2-phenylbenzothiazole. Other substitutions and 
modifications of the molecule result in either 
lesser increases in inducing activity or, in some 
instances, reduction or total loss of inducing 
activity. Most compounds show similar 
inducing effects on both lung and liver." 

Selye G70,421f70: 304 Steroid were tested 
for their ability to protect rats against usually 
fatal intoxication with indomethacin or 
digitoxin. Using a "Simplified Activity Grad
ing" system, 65 among these compounds were 
found to be active against indomethacin, 
54 against digitoxin, and 23 against both 
substrates at a 10 mg dose Ievel. But only 4 of 
these steroids were still capable of inhibiting 
one or both of these substrates at the 0.5 mg 

dose Ievel. The only steroid still active against 
both substrates at the dose of 0.2 mg was 
pregnenolone carbonitrile "PCN" (3ß-hydroxy-
20-oxo-5-pregnene-16oc-carbonitrile ). 

Selye G70,480f71: A review (28 pp., 
111 refs.) on "Hormones and Resistance." The 
historic developments and present status of 
our concept of syntoxic and catatoxic steroids 
is summarized and the standard techniques for 
the in vivo bioassay of protective hormones 
are described at length. 

Solymoss et al. G60,084f71: In rats, ethyl
estrenol, norbolethone, progesterone, triamci
nolone, prednisolone and hydroxydione ex
hibited no antimineralocorticoid properlies 
(Kagawa's test). Thus, the catatoxic effect of 
steroids appears to be unrelated to anti
mineralocorticoid potency. 

Selye P ROT. 43477: In otherwise untreated 
100 g ~ rats, the infl.uence of the most com
monly used conditioners upon the final body 
and organ weights (the latter expressed as a 
percentage of the body weight) has been de
termined for comparison with the experiments 
in which such conditioning agents were given 
conjointly with toxicants. Mter eight days of 
treatment, the final body weight was diminished 
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Table 140 (continued) 

Uterus Ovary Thymus Thyroid Adrenal 
weight weight weight weight weight 
(mg) (mg) (mg) (mg) (mg) 

149.6 ± 31.0 11.3 ± 0.8 244.5 ± 14.3 6.8±0.2 14.2 ± 0.3 
164.0 ± 27.1 NS 7.9 ± 0.8 ** 267.2 ± 8.7 NS 9.0± 0.4 *** 15.9 ± 0.4 ** 
133.8 ± 13.0 NS 10.3 ±0.7NS 234.7 ± 19.4 NS 8.5 ± 0.4 ** 12.4 ± 0.3 *** 
183.4 ± 12.5 NS 8.5 ± 0.6 ** 137.6 ± 9.2!.!! 7.4±0.6NS 10.4 ± 0.3!.!..! 
147.0 ± 26.3 NS 9.0±0.7 * 253.2 ± 12.1 NS 7.3 ±0.6NS 12.2 ± 0.3 *** 
168.6 ± 13.2 NS 7.0 ± 0.7 *** 157.5 ± 11.6 *** 8.2 ± 0.4 ** 10.8 ± 0.4 *** 
331.1 ± 29.9 *** 9.5 ±0.5NS 174.2 ± 8.9 *** 7.4±0.4NS 12.5 ± 0.3 *** 
144.3 ± 8.4 NS 10.6 ±0.6NS 19.3± 1.5 *** 10.0 ± 0.6 *** 10.1 ± 0.5 !!.! 
105.8 ± 12.7 NS 13.1 ±0.9NS 25.0 ± 2.0 *** 8.2 ±0.4* 10.6 ± 0.8 *** 
144.5 ± 37.1 NS 7.8 ± 0.7.!.! 249.4 ± 16.8 NS 7.2 ±0.5NS 12.4 ± 0.3 *** 
535.2 ± 98.4 ** 14.7 ± 1.6NS 63.7 ± 8.4 *** 8.3 ± 0.3 ** 19.6 ± 0.8 *** 
144.9 ± 37.1 NS 8.7 ± 0.7! 217.9 ± 16.0 NS 8.0 ± 0.4 * 12.8 ± 0.4.! 
155.3 ± 46.3 NS 8.4 ± 0.8.! 279.3 ± 23.3 NS 8.2 ± 0.5* 15.0±0.7NS 
74.5 ± 9.8! 6.7 ± 0.7 *** 243.5 ± 17.5 NS 6.2 ±0.4NS 15.0 ± 0.6NS 

137.7 ± 31.3 NS 10.4± 0.8NS 290.9 ± 14.9 * 10.0 ± 0.4 *** 15.5 ± 0.5 * 

by prednisolone, triamcinolone and estradiol. 
To a lesser extent, hydroxydione also caused a 
decrease in body weight gain, but this may 
have been due to the prolonged daily anesthetic 
effect of this steroid. The rats treated with 
anabolics, particularly ethylestrenol and nor
bolethone, showed a body weight increase but 
this was not pronounced during this short time 
experiment. Although oxandrolone likewise 
proved to be anabolic in earlier experiments 
(in that it combated the catabolism produced 
by DHT or glucocortiooids) it did not cause an 
absolute increase in body weight. When organ 
weights were expressed as percentages of the 
final body weight, significant hepatic enlarge
ment was obtained by PCN, CS-1, spironolac
tone, norbolethone, prednisolone, triamcino
lone, estradiol and phenobarbital. This is of 
interest since triamcinolone and estradiol are 
virtually devoid of catatoxic potency. Among 
all steroids, PCN caused the greatest hepatic 
enlargement, exceeding even that elicited by 
phenobarbital. The percental increase in renal 
weight was especially conspicuous following 
treatment with prednisolone, triamcinolone, 
estradiol and thyroxine, although the gluco
corticoids and estradiol markedly diminished 
the absolute final body weight of these same 
animals. Phenobarbital and PCN caused no 
renal enlargement. The preputial glands are 
only imperfect indicators of testoid activity. 
Our earlier experiments showed that ordinary 
pregnenolone (3 ß-hydroxy-5-pregnen-20-one) 

possesses a pronounced preputial gland stimu
lating effect, although it is virtually devoid of 
typical testoid actions upon the capon's oomb 
or the castrate rat's seminal vesicles. The in
significant increase in preputial gland weight, 
observed under our experimental conditions 
following treatment with PCN, suggests that 
the attachment of the carbonitrile group to 
this molecule decreases rather than increases 
its preputial gland stimulating action. In any 
event, the oompound is much less "virilizing" 
under these oonditions than is progesterone. 
The preputial glands were most markedly en
larged following treatment with ethylestrenol, 
norbolethone and oxandrolone, but to a lesser 
extent also by CS-1, progesterone and pheno
barbital, perhaps owing to the endogenous pro
duction of testoid metabolites. As expected, 
uterine enlargement was greatest after treat
ment with estradiol, but some increase in uter
ine weight was noted also under the infiuence 
of oxandrolone, whereas thyroxine had an in
verse effect. None of the oonditioners tested 
caused ovarian enlargement, but PCN, ethyl
estrenol, norbolethone, progesterone and thy
roxine induced significant ovarian atrophy. The 
thymus weight was most markedly diminished 
by prednisolone, triamcinolone and estradiol, 
but to a lesser extent also by ethylestrenol, nor
bolethone and oxandrolone. Curiously, pheno
barbital appears to have caused a barely signi
ficant and PCN a nonsignificant increase in 
thymus weight. Phenobarbital, prednisolone, 
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PCN, CS-1, norbolethone and estradiol also in
creased the weight ofthe thyroid approximately 
in decreasing order as enumerated. The most 
pronounced adrenal hypertrophy was elicited 
by estradiol, but minor degrees were also ob
tained by PCN and phenobarbital. Possibly, 
detoxication of endogenous corticoids might 
have led to a compensatory hypertrophy of this 
magnitude. On the other hand, CS-1, ethyl
estrenol, spironolactone, norbolethone, oxan
drolone, prednisolone, triamcinolone, proges
terone and DOC caused a diminution of the 
percental adrenal weight, cf. Table 140, p. 860. 

Selye P ROT. 22393: There appears to be 
no obligatory relationship between gluco
corticoid and catatoxic activity. Thus, !arge 
doses of prednisolone offer excellent protection 
against the ulcerogenic effect of indomethacin, 
whereas triamcinolone, a much more potent 
glucocorticoid, is devoid of this protective 
effect over a broad dose range cf. Table 141. 

Solyrrwss P ROT. 42234: As judged by the 
Kagawa test, PCN is practically devoid of 
antimineralocorticoid activity. In male adrenal
ectomized adult rats, 6 pg of DOC s.c. produced 

a pronounced decrease in the urinary NaJK 
excretion, which could not be counteracted by 
1 mg ofPCN. 

Table 141. Glucocorticoid potency not responsible 
for inactivation of indomethacin by prednisolone 

Treatment (mg)a Intestinal 
ulcers (%)b 

None 100 
Triamcinolone 0.1 100 
Triamcinolone 0.5 100 
Triamcinolone 10 100 
Prednisolone 0.1 100 
Prednisolone 0.5 100 
Prednisolone 10 0 

Mortality 
(DeadJTotal) b 

5/5 
5/5 
5/5 
5/5 
5/5 
4/5 
0/5 

a In addition to the treatments listed in 
this column, the rats (100 g ~) of all groups 
received indomethacin 1 mg in 0.2 ml waterj 
day, s.c., on 4th day ff. Triamcinolone and 
prednisolone were given at the doses indicated 
in 1 ml water X 2/day, p.o., 1st day ff. 

b Intestinal ulcers (% positive) and 
mortality on 10th day. 

SUMMARY AND OUTLOOK 

This treatise attempts to outline the history and present status of research on the 
regulation of resistance by hormones. It would obviously be impossible to give a 
meaningful resume of this vast field here, but it may be helpful to summarize the 
highlights of the research with which our group has had personal experience, namely: 
the effect of natural and artificial steroids upon comparatively nonspecific resistance 
phenomena. 

The protective agents are classified, according to their mechanism of action, into 
two main groups: 1. "syntoxic" compounds which improve tissue tolerance by 
permitting a symbiotic type of coexistence with the pathogen (e.g., by suppressing 
inflammatory reactions); 2. "catatoxic" substances which actually destroy the aggres
sor (e.g., through the induction of hepatic microsomal enzymes). 

The syntoxic effects are virtually limited to glucocorticoids, and since these 
have received sufficient attention in the past, this monograph deals primarily with 
recent studies on catatoxic steroids. 

Wehave tested more than 500 steroids, under comparable conditions, for their 
possible protective effect against numerous toxicants. The results of these studies 
are tabulated and their evaluation revealed the following principal facts: 

1. The catatoxic efl'ect can manifest itself independently of all classic hormonal 
actions, although it is frequently associated with anabolic, antimineralocorticoid or 
glucocorticoid properties. 

2. Some of the most potent catatoxic steroids are carbonitriles; these also have 
an unusually broad "spectrum of activity", in that they protect against many 
toxicants. 
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3. The 16cx-position of the -CN group appears to be particularly advantageaus 
for catatoxic activity. Its introduction into a virtually ineffective steroid, e.g., 
5-pregnenolone, endows the latter with sufficient catatoxic potency to protect a rat, 
at dose Ievels as low as 300 {Lg/kg, against fatal digitoxin or indomethacin intoxication. 

4. Steroids may serve as especially favorable carriers of pharmacologically active 
groups, for example of thioacetyl (for the detoxication of mercury), quaternary 
ammonium bases (for the induction of a neuromuscular block), oncolytic agents, etc. 

5. Certain catatoxic steroids possess abortifacient properlies and interfere with 
lactation. 

6. It is not yet proven that effective amounts of catatoxic steroids are normally 
secreted in response to a need (as glucocorticoids are during stress). However, they 
certainly represent basic "soil-factors" determining normal resistance; for example 
testosterone in amounts secreted by the testis raises the resistance of male rats far 
above that of females or gonadectomized animals of either sex. Furthermore, corti
costerone - the naturallife-maintaining steroid of the rat - possesses catatoxic 
activity against several substrates and is undoubtedly secreted in response to a need 
during stress. 

7. Certain substrates, which arenot subject to inactivation by steroidal or non
steroidal catatoxic compounds, can be "opsonized" (that is made amenable to this 
type of detoxication) by the addition of a radical. Thus, morphine is resistant, 
whereas ethylmorphine is highly sensitive, to inactivation by various compounds 
(catatoxic steroids, phenobarbital). This may well be due to a decrease in the polarity 
of the compound which may facilitate its penetration through membranes to the 
sites where enzymic detoxication can occur. It is interesting to speculate about the 
multitude of toxicants that might be made amenable to steroid-induced degradation 
if we learned how to stimulate their fat solubilization in vivo. 

8. Many observations suggest that both syntoxic and catatoxic steroids may have 
important clinical applications in a variety of diseases caused by exogenous or endo
genous toxicants. This is particularly true of maladies due to pathogens amenable 
to biotransformation by hepatic microsomal enzymes. In principle, here, enzyme 
induction would have to precede contact with the pathogen, and, hence, catatoxic 
steroids would be expected to have only prophylactic potency. Yet, if the pathogens 
act over a prolonged period (e.g., chronic indomethacin or digitoxin intoxication), 
curative effects have been obtained even when treatmentwas begun only after clinical 
manifestations of intoxication had become evident. Finally, if catatoxic steroids are 
important, "soil-factors" determining normal resistance, we should search for the 
possible existence of diseases caused by inadequate production of these compounds, 
or of disturbances in the responsiveness of the enzyme-inducing mechanisms which 
they regulate. Such maladies might be expected to result not only in deficient 
detoxication of exogenous pathogens but also in deficient or excessive degradation 
of endogenous chemical constituents of the body, such as hormones and metabolites. 

As we have said in the Introduction to this monograph, animals are endowed with 
a complex hormonal defense system comparable in its scope to those based upon 
nervous, or immunologic reactions. Through conscious planning of defense, conditioned 
reflexes, or autonomic "emergency reactions," the body can adapt standard responses 
of its nervous system to defense against a multitude of specific injuries. Appropriate 
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immunologic reactions can adjust the basic phenomenon of antibody formation to 
cope with a great variety of potential pathogens which possess antigenic properties. 

The main purpose of this monograph was to show that there exists a third general 
adaptive system in which a group of hormones and hormone derivatives (particularly 
steroids) offer resistance to agents not easily combated through the first-mentioned 
two defensive mechanisms; here, syntoxic hormones help to tolerate a pathogen, 
whereas catatoxic substances destroy it. 

The 35 years of research - from the first description of the defensive role of 
corticoids in combating stress, to the latest observations on the extraordinary 
catatoxic potency of steroid carbonitriles - represent only a rough outline of the 
introductory phase in the elucidation of the hormonal defense system. The many 
references cited in the preceding pages clearly show that even in this first sketch, 
our own observations provided only a small percentage of the established facts. We 
have raised more questions than we have answered; but perhaps, by providing an in
ventory of pertinent facts, this monographwill help others to clarify this new field, 
which appears to have implications in virtually all phases of homeostasis under 
physiologic and pathologic conditions. 
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