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I . INTRODUCTION 

Anabolic steroids, compounds that promote nitrogen conservation 
along with body weight gain, are currently the focus of marked attention 
both experimentally and clinically. In addition to several recent and 
extensive reviews (1-4), a symposium directed primarily toward the 
metabolic aspects of these agents has been held (5). Anabolically active 
compounds have demonstrated utility for several clinical states. Among 
these may be listed the geriatric, postoperative, osteoporotic, and the 
generally debilitated patient. 

The great promise in these steroids stems from the observations of 
Kochakian and Murlin (6, 7) and Kochakian (8, 9) that parenterally 
administered testosterone produced marked nitrogen conservation in 
castrated animals. These findings were confirmed clinically by Kenyon 
et al. (10, 11). Intensive efforts have been directed over the past 30 
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years toward the synthesis of compounds which promote nitrogen reten
tion, but which are devoid of masculinizing effects or are only minimally 
virilizing. While none has been brought forward that is completely free 
of androgenic properties, the significant separation of anabolic from 
androgenic effects possessed by some of these compounds has served to 
direct increased attention to their usefulness in a widening area of clinical 
application. 

The experimental evaluations form a basis for the clinician in 
arriving at a judgment on the degree of separation possessed by these 
compounds. The methods for arriving at these evaluations are the subject 
of the ensuing discussion. 

Numerous experimental approaches for estimating the anabolic 
properties of steroids have been described. Included among these are 
simple body weight gain, the effect on the growth of selected tissues or 
organs taken to reflect anabolic activity, such as the kidneys (renotrophic 
effect), the rat perineal muscle complex (generally the levator ani 
muscle), and the effect on nitrogen retention. 

A wide variety of avian and mammalian procedures have been 
utilized for estimating the androgenicity of these agents. There appears 
to be more confidence in mammalian assays at this time, perhaps in 
view of the intended use (man). 

The potential usefulness of these agents is largely dependent upon 
the degree of dissociation of their anabolic from their androgenic effects. 
Furthermore, while it may seem self-evident to relate the experimental 
evaluation to the intended route of administration, there is clearly 
neglect of this point. The dosage forms for oral or parenteral use are 
importantly different. In addition to simple parental dosage forms there 
are the more sophisticated long-acting or "depot" preparations. I t fol
lows that the methods of evaluation are most meaningful when related 
to the intended conditions of use. Salvioni (12) noted the lack of relation 
of experimental method to the intended use. Noted, also, was the paucity 
of details of experimental procedure needed for clarity before discussing 
the results obtained. 

The experimental agents should be related in activity to one of the 
commonly accepted reference compounds to permit comparison of data 
and conclusions among different laboratories. For parenteral use, testos
terone propionate appears to be indicated as a standard; for oral use, 
methyltestosterone is the currently accepted reference; for a short-term 
parenteral evaluation, testosterone may be the most appropriate. Since 
some of the reports to be referred to in the following paragraphs do not 
use these reference compounds, an attempt will be made to make com
parisons with these standards as far as possible. 
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An additional point that requires consideration relates to the activity 
manifested by the agents under investigation. Thus, in experimental 
studies, investigators may assess anabolic activity at dosages which may 
or may not produce androgenic activity. As a result the data may not 
permit a meaningful comparison with known references for each type of 
activity. In clinical trials, contrariwise, investigators are inclined to 
present evidence at maximal dosages to demonstrate anabolic activity. 
This, again, does not permit a comparison with known references. 

More specifically, for adequate orientation the responses to a refer
ence steroid and to the experimental steroid must be compared at two 
or more less-than-maximal responses. This holds both for clinical and 
for experimental trials. Observations obtained in this way may often be 
compared on a dose:response relationship and will then be amenable to 
some degree of quantitation. I t is not constructive and may be mis
leading to infer quantitative comparisons and dosage requirements, 
however, from qualitative observations. 

In general, investigators understand the need for relatively parallel 
dose:response effects for quantitative comparisons, although this is by no 
means universally true. When the comparisons between the test steroid 
and the reference do not exhibit parallel effects, it must be concluded 
that the biological behavior of the two must differ. In some instances, 
simple mathematical treatment of the data, for example a comparison of 
the log of response vs. the log of the dose, may effect parallelism. Al
ternately, another reference may be utilized, for example, testosterone in 
place of testosterone propionate. I t is difficult to overstate the importance 
of a suitable reference for meaningful evaluations. 

Along these lines, it may be instructive to recall the conclusions of 
Lyster et al. (13), who noted, during the course of their nitrogen balance 
studies with ovariectomized female monkeys, that replicated assays 
are often the most practical way to avoid the pitfalls of bioassays. 

These remarks are manifestly a restatement of the views of others 
and conform to the suggestions for meaningful assays as discussed by 
Bliss (14), Emmens (15), and Thomas (16), though they cannot be held 
responsible for the statements expressed here. 

Accordingly, the potentially useful anabolic and androgenic methods 
will be discussed from these viewpoints. 

Nomenclature 
A simplified form of the chemical names of the steroids or their 

generic names, where these appear appropriate, will be used in the 
discussion that follows. A listing of the simplified names and appro
priate alternate designations may be desirable at this point (Table I ) . 



406 AARON ARNOLD AND GORDON O. POTTS 

TABLE I 
COMMON AND ALTERNATE NAMES OF THE ANABOLIC AND CORTICAL STEROIDS 

Common or Systematic and/or 
generic name trade name 

Anabolic steroids 
Methyltestosterone 
Testosterone 
Androisoxazole 

Androstanolone, stanolone 
4-Chloromethyltestosterone 
7a, 17a-Dimethyltestosterone, 

bolasterone 
Ethylestrenol 
Fluoxymesterone 

4-Hydroxymethyltesterone, 
oxymesterone 

Methandrostenolone, 
methandienone 

Methenolone acetate 
Methylandrostanolone, 

mestanolone 
Methylandrostenediol 

Methylnortestosterone 
Norethandrolone 
Nortestosterone 
Oxandrolone 
Oxymetholone 

Stanozolol 

Corticosteroids 
Dexamethasone 

Prednisolone 

Prednisone 

Triamcinolone 

17a-Methyltestosterone 
Androst-4-en-17j3-ol-3-one 
17j8-Hydroxy-17a-methylandrostano[3,2-c]isoxazole, 

Androxan 

Androst-17|8-ol-3-one, Androlone, Anabol, Neodrol 

Myagen 
17a-Ethylestr-4-en-17/3-ol, Orabolin, Maxibolin 
9a-Fluoro-llj3-hydroxy-17a!-methyltestosterone, 

Halotestin, Ultandren, Androfluorene 
Oranabol 

A1-17a-methyltestosterone, Dianabol 

l-Methyl-5a-androst-l-en-17|3-ol-3-one, Primobolan 
17a-Methylandrostan-17/3-ol-3-one, Anadrostalone 

17a-Methylandrost-5-en-3/3, 17/3-diol, Stenediol, 
Protandren 

17a-Methyl-19-nortestosterone, Orgasterone 
17a-Ethyl-l 9-nortestosterone, Nilevar 
19-Nortestosterone 
2-Oxamethylandrostanolone, Anavar 
2-Hydroxymethylene-17a-methylandrostan-17jS-ol-

3-one, Adroyd, Anadrol, Anapolon 
17/3-Hydroxy-17a-methylandrostano[3,2-c]pyrazole, 

Winstrol, Stromba, Winstroid 

9a-Fluoro-l 1/3,17a,21-trihydroxy-16a-methyl-l,4-
pregnadiene-3,20-dione; 9a-fluoro-16a-methyl-
prednisolone, Decadron, Fortecortin, Deronil, 
Decasone, Millicorten 

11/3, 17a,21-Trihydroxy-l,4-pregnadiene-3,20-dione, 
Delta-Cortef, Dicortol, Hydrodeltisone, Delta-
cortril 

17a,21-Dihydroxy-l,4-pregnadiene-3,11,20-trione, 
Meticorten, Decortin, Deltasone, Paracort 

9a-Fluoro-l 1/3, 16α, 17a,21-tetrahydroxy-l,4-pregna-
diene-3,20-dione-16a,21-diacetate, Aristocort, 
Delphicort, Orion 
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I I . ANABOLIC ACTIVITY BASED ON NITROGEN RETENTION 

A. Experimental Evaluation 
Since nitrogen and, hence, protein conservation are the primary-

effects brought about by the administration of anabolic agents, it may 
be useful to consider this aspect at the outset. 

1. Early Observations 

In an extension of his findings with dogs, Kochakian (17) evaluated 
the relative anabolic effects of a variety of steroids, based on their 
ability to promote nitrogen retention in castrated male rats which were 
given various steroids by pellet implantation. Based upon the amount 
of nitrogen retained and the decrease in weight of the pellet implanted, 
Kochakian ranked the relative effectiveness of the test steroids in the 
following order: testosterone propionate > testosterone > 17«-methyl-
testosterone > androstanolone > androstendiol > A4-androstendione > 
androstanedione > androsterone acetate. This method was not amenable 
to classical quantitation. 

2. Nitrogen Retention Evaluations with Ovariectomized 
Female Monkeys 

Stucki et al. (18) have presented experimental nitrogen retention 
data based on metabolic trials with ovariectomized female Macaca 
mulatta monkeys. 

Procedure. The animals are maintained in temperature-(25.5°C) and 
humidity-(50%) controlled quarters. The young female monkeys are 
maintained for 3 to 4 months following surgery to stabilize their nitrogen 
excretion. The monkeys are provided with feed intakes which permit only 
slow weight gains. The feed is prepared in quantity, divided into daily 
allotments, and stored in a refrigerator until the day before needed. 
Metabolic collections are made and body weight are determined for 
each animal every other day. Dosage periods were 14 days in length, 
and each was preceded and succeeded by 14-day control periods. The 
following measurements were employed to evaluate the responses pro
duced by the administration of the test agents: (1) average daily nitro
gen retention during the 14-day drug period, (2) average daily nitrogen 
retention during the 14-day pre-drug-control period, and (3) average 
daily nitrogen retention during the 14-day post-drug-control period. The 
individual balance values served as the basis for computing the average 
nitrogen retained. 

Evaluations of several clinically useful agents by this procedure were 
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T A B L E II 
ANABOLIC EFFECTS OF SOME REPRESENTATIVE ANABOLIC STEROIDS 

EVALUATED WITH OVARIECTOMIZED FEMALE MONKEYS" 

Steroid Anabolic activity* 

Methyltestosterone 
Norethandrolone 
Stanozolol 
Methandrostenolone 
Oxymetholone 
Fluoxymesterone 
7,17-Dimethyl testosterone 

1.0 
+ c 

1.0 
1.15 
1.15 
5.0 
5.75 

° Stucki et at. (19). 
6 Relative to methyltestosterone. 
c Plus ( + ) indicates weak activity which was not quantitated. 

presented at the 1962 Milan Steroid Meetings (19) and are summarized 
in Table II, expressed relative to methyltestosterone. 

3. Nitrogen Retention Evaluations with Castrated Male Rats 
a. Oral Administration. Arnold et al. (20) discussed the utilization 

of weight- and nitrogen-equilibrated castrated male rats for quantitative 
evaluations of the nitrogen-conserving effects of anabolic steroids. The 
use of castrated rats was based on the observations of Kochakian (17, 
21), while the use of a 5-day test period reflected their earlier experience 
(22) with nitrogen balance studies on nitrogenous materials intended for 
parenteral administration. 

(1) Procedure. Castrated male rats, 200 to 225 gm, are fed, initially, 
14 to 15 gm of the following diet (23) daily: cerelose, 33.67 gm; dextrin, 
33.67 gm; yeast (Fleisehmann's 2019), 9.2 gm; hydrogenated vegetable 
oil, 7.4 gm; lactalbumin, 6.0 gm; methyl cellulose, 5.0 gm; alfa eel, 5.0 
gm; salt mixture (Jones and Foster), 3.7 gm; choline dihydrogen citrate, 
0.9 gm; codliver oil (2000 A, 250 D) , 0.25 gm; wheat-germ oil, 0.16 gm; 
and cobalamin, 3 X 10~6 gm. The weighed daily feed allotments are de
creased gradually over a period of 3 to 4 months until the body weights 
of the rats plateau. At this time the rats weigh about 300 gm, and the 
daily feed allotment is 10 to 11 gm per rat. The animal quarters must be 
maintained relatively constant at 23 to 25°C at a relative humidity of 35 
to 45% in order for the rats to equilibrate. At equilibrium the urinary 
nitrogen excretion will range from 80 to 115 mg per rat per day, at 
which time they are suitable for test. The evaluations are based on the 
changes in urinary nitrogen excretion at constant nitrogen intake. 

For the test, the rats are placed in individual metabolism cages and 
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control urinary nitrogen values are determined over a 3-day collection 
period. The daily urine output plus cage screen and funnel rinsings 
are collected in 500-ml, wide-mouth bottles, each of which contains a 
crystal of thymol. These are filtered through glass wool into a 500-ml 
volumetric flask and diluted to volume. Nitrogen may be determined by 
micro- or macro-Kjeldahl methods on appropriate aliquots. 

The rats are allocated into groups of eight to ten on the basis of body 
weight and control urinary nitrogen excretion values. The test compounds 
are administered over a 5-day period of the week following the control 
week. Urine collections are made over the last 3 days of the test to 
permit the rats 2 days to adjust to the medication. The samples are col
lected, diluted, and handled in the same manner as the control samples. 
The decrease in urinary nitrogen excretion represents the response of the 
rats to the test agent. 

By maintaining a group of 250-300 rats on daily weighed portions 
of feed, 10 dozen rats are available for each test. Thus, the rats are 
medicated no more often than every third week. The rats may be utilized 
over a period of 1 ^ to 2 years. 

(2) Dosage range. For oral evaluations methyltestosterone appears to 
be the most commonly used reference agent. Under these conditions of 
test, the dosage range will be 3 to 15 mg per rat or 10 to 50 mg per 
kilogram. At the higher dosages, the feed intake of some of the rats 
is affected adversely, and the data from these rats can not be included 
in the evaluations. An alternate reference free of this objectionable 
feature is desirable. Testosterone is no more suitable since it also pos
sesses this undesirable effect on the rats when it is administered orally. 

If the test agent is taken up in a small amount of an organic solvent, 
such an ethylene dichloride, and dispensed in the dextrin component of 
the diet (the diet being formulated without dextrin, preparatory to 
having the dextrin added), and if the solvent is then removed, a con
siderable saving in labor during the test period is effected. 

A figure (Fig. 1) from a recent publication (24) illustrates the data 
from two tests each on 7,17-dimethyltestosterone and oxymesterone in 
comparison with methyltestosterone. I t may be seen that the linearity 
and parallelism of the responses permit quantitative comparisons to be 
made. We have noted in other studies (25) that nortestosterone and 
methylnortestosterone adversely affect feed intake at higher dosage levels, 
thereby limiting the validity of their anabolic estimates. Within these 
limitations, the method appears to yield data that are especially in
formative as an estimate of the anabolic effects of test agents. Estimates 
on a series of commonly available agents are summarized in Table III 
(24-28). 
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FIG. 1. (A) Combined results of two comparisons of 7,17-dimethyltestosterone 
( A , · > η = 33) and 17-methyltestosterone ( Δ , Ο, η = 45), and (B) combined 
results of two comparisons of oxymesterone ( φ , A , η = 24) and 17-methyltestos
terone (Ο, Δ , η = 47) in supporting nitrogen retention in rats as a measure of the 
anabolic properties of each compound. Each point represents results obtained in 
groups of six to nine rats [from Arnold et al. (24)]. 

TABLE III 
EXPERIMENTAL NITROGEN RETENTION EFFECTS OF SOME ANABOLIC STEROIDS 0 

Steroid 
Anabolic activity 

based on nitrogen retention6 

Methyltestosterone 1.0 
Testosterone 0.38 ± 0.13 
Nortestosterone 0.73 
Methylandrostanolone, mestanolone 0.8 ± 0.13 
Methandrostenolone, methandienone 1.2 ± 0.14 
Androisoxazole 1.55 ± 0.13 
Ethylestrenol 1.7 ± 0.12 
Oxymetholone 1.75 ± 0.04 
Oxymesterone 1.8 ± 0.77 
Norethandrolone 3.9 ± 0.52 
Fluoxymesterone 3.8 + 0.83 
7a, 17a-Dimethyltestosterone 4.2 ± 0.82 
Methylnortestosterone 4 .6 C 

Stanozolol 10.0 ± 0.96 

a Arnold et al (24-28). 
6 Relative to methyltestosterone. 
c Evaluation limited due to the fact that these steroids interfere with the feed intakes 

of the rats at the higher levels of compound administration. 
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b. Parenteral Administration, The initial publication on the rat 
nitrogen balance procedure (20) was based on data from subcutaneously 
administered steroids. Aside from the fact that the test materials are 
given subcutaneously and the rats are necessarily handled daily, the 
procedure differs in only minor details from that described in detail 
above. Testosterone propionate is the commonly accepted reference. 
Under these conditions of test, the dosage range is 0.02 to 0.30 mg testos
terone propionate per rat or 0.06 to 1.0 mg per kilogram per day. The 
test agent is conveniently administered in 0.1 to 0.2 ml of oil vehicle. 

While orally active steroids are generally administered daily, the 
long-acting, parenteral depot agents permit weekly, biweekly, or 
monthly administration. Since testosterone propionate manifests pro
longed activity when injected, it should be a suitable reference for 
depot agents. 

B. Clinical Evaluation 
In addition to the classical nitrogen balance procedures, as illustrated 

by those of Howard and Furman (28a), Liddle and Burke (29) and 
Fox et al. (30) have made important contributions to the evaluation of 
anabolic steroids in terms of the urinary nitrogen excretion in subjects 
given graded doses in 4-day courses. 

17a - M e t h y l t e s t o s t e r o n e 

O H 

1 i 1 ι ι ι ι 
5 10 2 0 3 0 4 0 6 0 8 0 

D o s e ( m g / d a y ) 

FIG. 2 . Effects of graded oral doses of 1 7 α-methyltestosterone upon urinary 
nitrogen. Each "x" represents the average change in daily nitrogen excretion result
ing from 4 days of 1 7 α-methyltestosterone administration to a metabolically stable 
subject [from Liddle and Burke ( 2 9 ) ] . 
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Illustrated in Fig. 2 are the data on the decrease in urinary nitrogen 
in response to graded doses of the reference steroid, methyltestosterone. 
I t may be seen that the response slope is based on 40 experimental trials. 
These investigators were thus able to relate their evaluations of 
anabolically interesting agents in terms of this widely utilized, orally 
effective reference. 

The potency of several agents relative to methyltestosterone are sum
marized in Table IV. 

TABLE IV 

CLINICAL NITROGEN RETENTION COMPARISONS 0 

Number of 
Steroid subjects Relative activity 6 

Methyltestosterone 40 1 
Norethandrolone 10 2 
Fluoxymesterone 7 3 
Oxymetholone 7 3 
Oxandrolone 18 6.3 (3.8-10.6) 
Methandrostenolone 7 10 

a Liddle and Burke (29); Fox et al. (30). 
b Compared to methyltestosterone. 

Green et al. (31-33) have described a procedure whereby the nitrogen 
retention brought about by the administration of an experimental agent 
is calculated as the ratio of the average amount of nitrogen excreted per 
day in the experimental period to the average amount excreted per day 
during the control period in patients fed ad libitum. In a series of 21 
trials with 16 patients given varying doses of norethandrolone, an aver
age nitrogen retention of 78.7 ± 4.7% of that excreted during the control 
period was reported. To what extent this approach will lend itself to an 
estimation of the minimally required dose of a given compound needed 
for clinical usefulness does not appear to have been explored by these 
investigators. 

Albanese and his colleagues have compensated for changes in the 
nitrogen intake in clinical trials wherein food intake is on an ad libitum 
basis. They have integrated the effects at each dose of the test agents 
in terms of a steroid protein activity index (SPAI). This is derived from 
the expression 

SPAI - - X 100 b F A I ~ NISP NICP X 1 0 0 

where NBSP = nitrogen balance in steroid period 
NISP = nitrogen intake in steroid period 

NBCP = nitrogen balance in control period 
NICP = nitrogen intake in control period 
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FIG. 3. Graphic representation of the nitrogen balance of control subjects and of 
subjects given an anabolic steroid [AS-6 (pyrazol hydroxymethyltestosterone)]. The 
resultant data are indicated for estimation of the steroid protein activity index 
(SPAI), where B8 = average nitrogen balance in grams per day during steroid test 
periods, Bc = average nitrogen balance in grams per day during control periods, and 
/ = nitrogen intake during steroid and control periods [from Albanese and Orto 
(37)]. 

A graphic presentation of the results obtained by means of this 
procedure is given in Fig. 3. 

I t may be seen that in individuals with differing nitrogen intakes, 
improved nitrogen retention resulted during the period of test steroid 
(5 mg AS-6 per day) administration. From the data a + 2 1 was cal
culated for the SPAI of AS-6. Both the SPAI and the activities relative 
to the orally administered reference testosterone propionate, summarized 
by Albanese et al. (34-38), are given in Table V. 

These investigators have provided an elegant means for the quantita
tion of anabolic activity in man, as well as estimates of the clinical 
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TABLE V 
CLINICAL SPAI COMPARISONS OF ANABOLIC STEROIDS 0 

Dosage 
Number of range Average Anabolic 

Test steroid assays (mg/day) SPAI activity 6 

Testosterone propionate 12 10-25 + 6 1.0 
19-Nortestosterone 14 25-75 + 9 1.5 
Norethandrolone 10 30-60 + 8 1.3 
4-Hydroxymethyltestosterone 14 15-45 + 1 1 1.8 
Methandrostenolone 16 5-30 + 16 2.7 
Oxandrolone 27 10-20 + 2 0 3 .3 
Stanozolol 10 6-12 + 2 9 4.85 

° Albanese et al (34-38). 
6 Relative to testosterone propionate. 

efficacy of the more useful agents which have been brought forth in 
recent years. 

I I I . ANABOLIC ACTIVITY BASED ON GROWTH 

A. Experimental Evaluation 

1. Myotrophic Assays 
The anabolic activity of test substances may also be assessed on the 

basis of their effects on the weights of various muscles. The fact that 
the perineal muscle complex of castrated male rats responds to anabolic 
agents was noted early by Wainman and Shipounoff (39). Eisenberg 
et al. (40) recognized the usefulness of the levator ani muscle technique, 
and they described (41) an assay procedure utilizing the increase in the 
weight of the levator ani muscle as the index of anabolic activity. The 
increases in the weights of the ventral prostate and seminal vesicles 
served as indices of androgenic activity. Thus, the myotrophic: andro
genic assay was set forth as a useful approach to the assessment of the 
relative dissociation of anabolic from androgenic activities, as discussed 
separately in Section V. The Hershberger, Shipley, and Meyer (42) pro
cedure, or a modification of it, is probably the most widely used at this 
time. An advantage of this procedure is that the myotrophic and andro
genic estimates are derived from responses elicited in the same animal 
under identical conditions of test, as distinct from the nitrogen reten
tion: androgenic estimates derived from evaluations in separate proce
dures. 

A difficulty associated with the interpretation of myotrophic: andro
genic assay results, as reported by various investigators, relates to a 
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relatively simple but basic difference in the procedure of conducting the 
test in each laboratory. In general, young male rats (41-45 gm) are 
castrated and, depending on the particular procedure employed, medica
tion is initiated on the day of surgery (42), 3 weeks after surgery (41), 
1 week after castration (43), 2 weeks after castration (44), or some 
other time interval. The differences in time between castration and 
initiation of medication may thereby lead to different results. Thus, the 
castrated rat which is placed on test the day of castration is one in which 
the maintenance of the weights of the ventral prostate, seminal vesicles, 
and levator ani muscle at the time of castration must be taken into 
account in addition to the stimulation of these tissues during the course 
of the assay period. The possibility that some compounds may simply 
maintain the weights of these organs more than they stimulate them 
must be considered. 

A holding period after castration and prior to initiation of medication 
results in a more meaningful animal preparation for the measurement 
of myotrophic and androgenic activities. The length of the interval is 
one of practical consideration. A 1-week holding period appears to be an 
appropriate compromise in that a suitable castration base line is 
established by that time. In addition, the desired uniformity of body 
weight at the time of assay is maintained. Control of these two factors 
contributes markedly to the precision of the test. 

Two objections commonly voiced against the use of the levator 
technique are that it may not reflect the over-all anabolic activity of a 
compound and that the myotrophic activity may be sex-linked in terms 
of its sensitivity to androgenic stimulation. 

Each of these objections are valid, but they do not preclude the use 
of the procedure if they are taken into account. The reservation that 
the myotrophic response may not reflect the over-all anabolic activity 
is well recognized. I t serves to emphasize our view that the nitrogen 
balance assay is a more definitive assessment of the all-encompassing 
activity of an anabolic agent. On the other hand, we have not noted any 
agent which possessed anabolic activity based on nitrogen balance studies 
which was inactive on the basis of myotrophic assay. We have noted 
the opposite (44a,b), however. This is explained on the basis that 
estrogenic activity associated with an anabolic agent precludes demon
stration of anabolic activity based on nitrogen balance studies in the rat, 
but does not do so in the myotrophic assay. 

The suggestion that the myotrophic response is related directly to the 
androgenic activity of the compound would preclude the finding of 
differing degrees of myotrophic responses to agents possessing the same 
order of androgenic activity. Several investigators (39-42) have shown 
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FIG. 4. Response of the levator ani muscle of castrated male rats to graded oral 
doses of methyltestosterone. 

that agents with comparable androgenic activity are not necessarily 
equally myotrophic. 

Stated briefly, then, the myotrophic: androgenic assay is a simple, 
rapid means of evaluating a large number of compounds for anabolic: 
androgenic activities which provides a basis for selection of compounds to 
be assessed in the more difficult but more meaningful nitrogen balance 
assay. 

Procedure. A modification (43) of the Hershberger et al. (42) proce
dure is outlined as follows: Male rats of the Sprague-Dawley strain, 22 
days of age (41-45 gm), are castrated and maintained on laboratory 
chow and tap water ad libitum in air-conditioned quarters. The test 

0 1 1 1 1 1 1 1 · 
0 . 3 5 0 . 7 0 1.4 2 . 8 5 . 6 11.2 2 2 . 4 

D o s e ( m g / k g / d a y χ 9) 

FIG. 5. Response of the levator ani muscle of castrated male rats to graded par
enteral doses of testosterone propionate ( O ) , methyltestosterone ( A ) , methylan-
drostenediol ( • ) , methylnorandrostenolone ( # ) , methylandrostadienolone ( Δ ) , and 
hydroxystenazole (O) [from Potts et al. (44a)]. 
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substances are administered daily except Sunday, from the seventh to 
the sixteenth day after castration. The daily dose of the drug is con
tained in 0.2 ml of vehicle (most commonly 10% ethanol-cottonseed 
oil). The rats are autopsied on the seventeenth day after castration, 24 
hours after the last medication. The levator ani muscle, ventral pros
tate, and seminal vesicles are removed, blotted, and weighed on a 
microtorsion balance. 

Oral studies are conducted in the same way, with the exception that 
the total daily dose is divided into two equal portions and administered 
by stomach tube at 9:00 A.M. and at 4:00 P.M. each medication day. 

Representative dose: response curves for methyltestosterone and for 
testosterone propionate are depicted in Figs. 4 and 5, respectively. A 
listing of oral evaluations of some representative agents as submitted by 
numerous investigators (2, 43, 45-48) is given in Table VI. 

The fact that the slope of the myotrophic response curve of paren-
terally administered testosterone propionate is sometimes steeper than 
that of the response slopes to the test agents precludes meaningful 
calculations of relative potencies in those instances. I t is possible that 
unesterified testosterone may prove to be a more useful reference for 

TABLE VI 
RELATIVE ORAL MYOTROPHIC EFFECTS OF ANABOLIC 

STEROIDS BASED ON RAT BIOASSAYS 

Steroid Myotrophic effect0 

Methyltestosterone 1.0 
4-Chloromethyltestosterone 0.50*, 4.21* 
Ethylestrenol 4 . 2 1 c r f 

Fluoxymesterone 17.4&,Ίΐ7.56, 28 .2 β 

4-Hydroxymethyltestosterone 3.30 β 

Methandrostenolone, methandienone 0.89 d , 0.30&, 2.14«, 2 .25' 
Methylandrostanolone 2 .22 e 

Methylandrostenediol 0.70 e , 0.8* 
Norethandrolone 0.75 e , 5 .6 / 
Oxymesterone 3 .30 e 

Oxymetholone 4.80 6 , 1.46 e 

Stanozolol 3.72 e , 2» 
Testosterone 0 .36 6 

° Relative to methyltestosterone. 
6 From Dorfman and Kind (45). 
c From Overbeek et al. (46). 
d From Overbeek et al. (47). 
e From Camerino and Sala (2). 
' From Desaulles et al. (48). 
ο From Potts et al (43). 
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parenteral evaluations of activity, whereas testosterone propionate may 
serve as the reference for the parenteral depot preparations. 

Since most anabolic agents for human use are given orally, the ex
perimental parenteral evaluations are less meaningful when applied to 
intended clinical use, except for the parenteral studies on long-acting 
esters that are intended for depot use. The methodology in terms of 
depot activity will in great part depend on the nature of the test sub
stance under investigation. 

The assay system used in the assessment of depot activity utilizes 
the same animal preparation as described previously. The test substance 
is given as a single depot injection, however. A representative number of 
animals are autopsied at intervals, and the levator ani muscle, ventral 
prostate, and seminal vesicles are removed, blotted, and weighed on a 
microtorsion balance. The treated groups are compared with control 
groups and with reference groups at the different time intervals. Myo
trophic and androgenic activities can be assessed on the basis of magni
tude of responses as well as duration of action. A comparison of the area 
under the curve may serve as an index of each activity (5). 

2. Growth of Female Rats 
Several investigators (49-52) have shown that female rats respond 

to testosterone by gains in body weight to yield a growth rate which 
approaches that of male rats. This effect appears to be associated with 
the protein anabolic activity of androgenic substances. In addition, the 
feed intake of female rats receiving an androgen is modestly increased 
when they are maintained on an ad libitum-ieedmg regimen. The in
crease in feed intake, though generally consistent, is not by itself suf
ficient to account for the increased growth. An improvement in the 
efficiency of feed utilization appears to be a major factor. 

Procedure (53). Adult female rats of the Sprague-Dawley strain 
weighing 200 ± 5 gm are placed in individual cages in temperature- and 
humidity-controlled quarters. Ground diet and tap water are provided 
ad libitum. The test agents are administered subcutaneously or orally, 
daily except Sunday for 2 weeks. Control rats are given the volume of 
vehicle which is used to administer the test agents. A daily record is 
kept of the amount of feed consumed per rat per day. Body weights 
are recorded on the first, seventh, and fourteenth experimental days. 
The initial and final body weights and the daily feed consumption per 
rat are used to calculate the growth rate and feed consumed in grams 
per rat per day. Efficiency of feed utilization is expressed as the body 
weight gained in grams per rat per day as a per cent of the feed con
sumed per rat per day. 



T A B L E V I I 
EFFECT OF ORALLY ADMINISTERED METHYLTESTOSTERONE AND STANOZOLOL ON GROWTH RATE 

AND EFFICIENCY OF FEED UTILIZATION OF FEMALE RATS 

Steroid 
Dose a 

(mg/kg/day) Initial 

Body weight (gm) 

Final Gain 

Growth 
rate 

(gm/day) 

Amount 
of feed 

consumed 
(gm/day) 

Efficiency 
of feed 

utilization6 

(%) 

None — 204 227 + 2 3 1.64 ± 0.14 12.4 13.2 

Stanozolol 1.5 204 235 + 3 1 2.21 ± 0.17 13.3 16.7 
(P < 0.02) 

Stanozolol 6.0 203 246 + 4 3 3.07 ± 0.25 13.0 23.6 
(P < 0.001) 

Methyltestosterone 6.0 204 239 + 3 5 2.50 ± 0.35 13.0 19.2 
(P < 0.05) 

Methyltestosterone 24.0 204 251 + 4 7 3.36 + 0.26 14.4 23.4 

α Administered daily except Sundays for 2 weeks. 
* „ . „ „ , . growth rate (gm/day) 
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Representative data are presented in Table VII, in which a test 
steroid, stanozolol, is compared with the reference steroid methyltestos
terone, the latter being less effective than stanozolol. 

A major restriction of this procedure, as with the rat nitrogen balance 
technique, is that an anabolic agent with associated estrogenicity will not 
produce typically anabolic responses. I t is also clear that it is not possible 
to distinguish between anabolic and androgenic activities in this pro
cedure. 

This assay is not as amenable to quantitative comparisons as those 
previously described although this is a possibility. The salient feature 
of this procedure is that it provides supportive evidence for anabolic 
activity when used in conjunction with other assays. 

B. Clinical Evaluation 
The anabolic steroids were evaluated in a wide variety of clinical 

states (5) following the early reports by Kenyon et al. (10, 11). Weight 
gain in children has been noted by several investigators (54-57). Close 
attention is still being directed toward determining whether the ac
companying height gains are free of significant effects on bone matura
tion (57a). In general these applications are directed toward correcting 
growth deficiencies or other clinically undesirable conditions. 

I V . REVERSAL OF CATABOLIC EFFECTS OF CORTICOSTEROIDS BY 
ANABOLIC AGENTS 

A. Experimental Evaluation 
Long et al. (58) noted that adrenal cortical extract exerted protein 

catabolic properties. Albright et al. (59) subsequently observed the anti-
catabolic effects of androgens in Cushing's syndrome. A 20-gm retention 
of nitrogen in 5 days resulted from the administration of testosterone 
propionate, along with a prompt retention of phosphorus, a decreased 
urinary calcium, and a marked increase in strength and body weight. 

The anticatabolic effects of the anabolic steroids, along the lines of 
these reports, may be followed experimentally. Beyler et al. (53, 60) and 
Tainter et al. (61) presented data on the reversal of 12 mg of cortisone 
acetate per kilogram given daily for 5 days to fasted, castrated adult 
male rats. The resultant catabolic effect could be prevented (Fig. 6) by 
the subcutaneous (s.c.) administration of 0.2 to 5 mg testosterone pro
pionate per kilogram or by 5 to 80 mg of stanozolol or norethandrolone, 
orally. Parallel phosphorus and potassium retention was also noted. 

These data suggest that this type of procedure is applicable for the 
laboratory estimation of the anticatabolic activity of anabolic agents. 
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Fasting, 24 hour 
Urinalyses 

Testosterone 
propionote Stonozolol Norethondrolone Methandrostenolone 

NITROGEN + 1 0 0 

EXCRETION + 75 
% change from + 50 

control 4. 25 ; k. 
PHOSPHORUS + 1 0 0 

EXCRETION + 75 
% change from + 50 

control 4. 25 ; i 
POTASSIUM + 1 0 0 

EXCRETION + 75 
% change from + 50 

control 4. 25 

- Λ 
URINE + 1 0 0 
VOLUME + 75 
% change from + 50 

control 4. 25 n k 
Cortisone Acetate 
mg/kg/inj. X 5 

12 12 12 12 
s.c. 

12 12 12 12 
s.c. 

12 12 12 12 
s.c. 

12 12 12 12 
$.c. 

Anabolic Steroid 
mg/kg X 3 

0 2 1 5 
S.C. 

0 5 20 80 
ORALLY 

0 5 20 80 
ORALLY 

0 20 40 80 
ORALLY 

FIG. 6. Influence of anabolic steroids on cortisone-induced diuresis of nitrogen, 
phosphorus, potassium, and water in fasted, castrated male rats [from Tainter et al. 
( 6 1 ) ] . 

B. Clinical Evaluation 
The dramatic beneficial effects of adrenocorticotropic hormone 

(ACTH) and corticosteroid therapy are accompanied by protein and 
osseous tissue losses (62, 63), summarized by Reifenstein in 1956 (64) as 
follows: (1) thin skin, (2) ease of bruising, (3) weakness, muscular 
wasting, and relaxation of the abdominal wall, and (4) osteoporosis. 
These effects may be corrected or prevented by the administration of 
anabolic steroids. The quantitative aspects of these interrelationships is 
the subject of an extensive series of studies by Albanese and his group 

T A B L E V I I I 
RELATIVE CATABOLIC EFFECTS OF PREDNISONE, PREDNISOLONE, TRIAMCINOLONE, 

AND DEXAMETHASONE ON THE STEROID PROTEIN ACTIVITY INDEX" 

Number of Dosage range 
Steroid assays (mg/day) SPAI Index 

Testosterone propionate 1 2 1 0 to 2 5 + 6 
Dexamethasone 4 2 . 2 5 - 1 2 

Triamcinolone 8 1 2 to 2 4 - 1 7 
Prednisolone 7 3 0 - 2 2 

Prednisone 4 3 0 - 3 8 

β Albanese et al. (38). 
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(37, 38). The procedure for these studies is that given in Section ΙΙ,Β. 
The data of Table VIII are a summary of the effect of some widely 
utilized corticosteroids on the nitrogen balance and correlate this activity 
in terms of daily dosage and nitrogen loss as expressed in terms of the 
steroid protein activity index (SPAI). 

TABLE IX 
REVERSAL OF CATABOLIC EFFECTS 

BY AN ANABOLIC STEROID 
OF CORTICAL STEROIDS 
IN PATIENTS* 

Dosage Number of Average Gain in 
Steroid (mg/day) tests SPAI SPAI 

Prednisone 10 mg X 3 11 - 3 8 
Prednisone 10 mg X 3 

+ 
stanozolol 4 m g X 3 4 + 2 0 + 5 8 

Triamcinolone 4 m g X 3 20 - 1 7 
Triamcinolone 4 m g X 3 

+ 
stanozolol 4 m g X 3 4 _ 2 + 15 

Dexamethasone 0.75 mg X 3 4 - 1 
Dexamethasone 0.75 mg X 3 

+ 
stanozolol 4 m g X 3 4 + 2 9 + 3 0 

α Albanese ei al. (38). 

Albanese et al. (38) have presented quantitative evaluations derived 
by means of the SPAI procedure in which these catabolic effects of 
glucocorticoids are counteracted by the concurrent administration of an 
anabolic steroid (Table IX) . These positive effects on the nitrogen 
balance are additionally reflected in other parameters, including body 
weight, appetite, muscle mass, and bone mineralization. 

V . ANDROGENIC EFFECTS 

A. Experimental Evaluation 
Androgenic activity may be estimated by a variety of avian or mam

malian procedures (65-70). The Hershberger et al. procedure (42), or a 
modification of it, appears to be the most widely used in connection 
with the evaluation of anabolic:androgenic steroids. Their emphasis is 
on the anabolic aspect of the combined myotrophic: androgenic assay and 
is a refinement of the method proposed by Eisenberg and Gordan (41). 
In the method of Hershberger et al. (42), 21-day-old rats are castrated 
and maintained on laboratory chow and tap water ad libitum. Each rat 
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is given the test substance subcutaneously or orally for 7 days beginning 
on the day of castration. On the eighth day, 22-26 hours after the last 
medication, the rats are killed and the ventral prostate and seminal 
vesicles are removed, blotted, and weighed. 

In their paper, Hershberger et al. (42) showed that, at least in 
steroids administered parenterally, the ventral prostate response ap
peared to be a more meaningful index of androgenicity than that of the 
seminal vesicles. Androsterone, for example, produced a strong androgenic 
response on the basis of the increase in the weight of the ventral pros
tate, but elicited little increase in the weight of the seminal vesicles. 

Modifications of the Hershberger et al. procedure (42) include the 
use of 9 medications over a 10-day period in castrated weanling rats 
rested for a week after castration (43), the use of 12 medications over 
a 14-day period in 80-100 gm castrated male rats (44), and the use of 

? ' » 1 1 1 L 1 ι ι 
5 1 0 2 0 4 0 8 0 2 0 4 0 

D o s e a d m i n i s t e r e d ( m g / k g / d a y χ 9 ) 

FIG. 7. (A) Combined results of two comparisons of 7,17-dimethyltestosterone 
(#, Α, η =. 3 5 ) and 17-methyltestosterone ( Ο , Δ , η = 3 5 ) , and ( B ) a single com
parison of oxymesterone ( · , η = 1 2 ) and 17-methyltestosterone ( Ο , η = 18) for 
androgenicity based on the increase in weight of the ventral prostate glands. Each 
point represents results obtained in groups of six to seven rats [from Arnold et al. 
( 2 4 ) ] . 

21-day-old weanling castrated male rats medicated daily for 10 days 
starting on the day of surgery (71). The importance of the time interval 
between castration and the initiation of the assay noted initially in 
Section I I I is equally applicable here. 

Dorfman (71) found that for parenteral use the precision of the 
assay was not improved by a dosage period longer than 10 days, but 
that for oral administration a 20-day dosage regimen improved the 
precision. 

In Fig. 7 are illustrated experimental evaluations for the androgenic, 
oral effects of two compounds of interest, 7,17-dimethyltestosterone and 
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TABLE X 
EXPERIMENTAL ANDROGENIC EVALUATIONS OF SOME ANABOLIC STEROIDS 

Steroid Androgenic effect" Reference 

Methyltestosterone 1.0 — 
Androisoxazole 0.22(v.p.) 6 (27) 
4-Chloromethyltestosterone 0.15(v.p.), 0.10(s.v.) c (45) 
7,17-Dimethyltestosterone 3(s.v.) (19) 
7,17-Dimethyltestosterone 1.3(v.p.) (24) 
Ethylestrenol 0.22(s.v.) (46, 47) 
Ethylestrenol 0.21(v.p.) (27) 
Fluoxymesterone 0.67, 1.0, 1.87(v.p.) (45) 
Fluoxymesterone 0.61, 0.65, 1.01(s.v.) (45) 
Fluoxymesterone 4 .5 (2) 
Fluoxymesterone 1.4 (24) 
Fluoxymesterone 9 (19) 
4-Hydroxymethyltestosterone 0.48 (2) 
4-Hydroxymethyltestosterone 0.36(v.p.) (24) 
Methandrostenolone 0.45(s.v.) (47) 
Methandrostenolone 0.06(v.p.) (45) 
Methandrostenolone 0.12(s.v.) (45) 
Methandrostenolone 0.57 (2) 
Methandrostenolone 0.635 (19) 
Methandrostenolone 0.35(v.p.) (21) 
Methylandrostanolone 0.7 (2) 
Methylandrostanolone 1.0(v.p.) (24) 
Methylandrostenediol 0.78 (2) 
Methylandrostenediol 0.68(v.p.) (46) 
Methylnortestosterone 1.1 (25) 
Norethandrolone 0.22 (2) 
Norethandrolone 0.19(v.p.) (26) 
Nortestosterone 0.074(v.p.) (25) 
Oxymetholone 0.40, 0.50(v.p.) (45) 
Oxymetholone 0.22, 0.65(s.v.) (45) 
Oxymetholone 0.31 (2) 
Oxymetholone 0.20(v.p.) (26) 
Oxymetholone 0.55(s.v.) (19) 
Stanozolol 0.52 (2) 
Stanozolol 0.33(v.p.) (43) 
Stanozolol 0.33(v.p.) (26) 
Stanozolol 2.5(s.v.) (19) 
Testosterone 0.28(v.p.) (45) 
Testosterone 0.50(s.v.) (45) 
Testosterone 0.57(v.p.) (27) 

a Relative to methyltestosterone. 
6 Based on an increase in weight of the ventral prostate. 
c Based on an increase in weight of the seminal vesicles. 
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oxymesterone in comparison with methyltestosterone. I t may be seen 
that parallelism of the responses permits a meaningful calculation of 
potency. A summary of representative evaluations of the androgenic 
properties of steroids of interest is given in Table X. 

An important and somewhat overlooked aspect of androgenic evalua
tions relates to the calculation of relative potency. Emmens (66) and 
Overbeek et al. (47) have shown excellent androgenic correlations be
tween oral activity of test materials and reference agents, such as 
methyltestosterone, when these are compared on a log dose:log response 
basis. When this is done, the dose: response relationships are relatively 
parallel, and the calculations of relative activity are not affected by the 
dose administered. Calculations of relative activity at arbitrary doses 
may not be satisfactory for precise determination of relative potency. 
If the order of activity is only of secondary importance, the primary 
being the presence of activity or an approximate order of activity, 
parallel dose-.response relationships are then of secondary importance if 
the lack of parallelism is not extreme. 

B. Clinical Evaluation 
Evidence of masculinization in the clinical application of anabolic 

steroids poses the most serious limitation on their widespread clinical 
usefulness. The virilizing effects commonly observed include increased 
hair growth (hirsutism), clitoral enlargement, deepening of the voice, 
menstrual irregularities, and acne. Electrolyte imbalance, notably the 
retention of sodium chloride leading to edema, is also considered to be a 
major side effect for certain of the anabolic agents. The incidence and 
severity of these side effects vary with the individual and as such make 
the estimation of androgenic activity in man somewhat more difficult 
than in laboratory animals. Female patients and young children are the 
most sensitive to the virilizing side effects. The effect of androgens on 
epiphyseal closure is also a major concern in the use of anabolic agents 
in children (71a). 

The estimation of the androgenic activity of an anabolic agent in 
terms of the clinical situations wherein it will be employed constitutes 
the final and most meaningful approach. Thus, the clinical evaluation of 
an anabolic agent should be directed toward the estimation of the degree 
of anabolic effect achieved with dosage levels which are not androgenic 
or, at most, weakly so. This approach permits the maximum use to be 
made of the anabolic agents presently available which are claimed to 
have, it must be recognized, a relative but not absolute separation of 
anabolic and androgenic activities. 
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V I . LIMITATIONS OTHER THAN ANDROGENICITY 

A. Experimental Evaluation 
While the androgenicity of testosterone, its esters, and methyltestos

terone restrict the potential usefulness of these steroids for their anabolic 
effects, many of the synthetic steroids have additional limitations. Potts 
et al. (44a) described steroids whose estrogenic effects prevented their 
experimental evaluation in the rat nitrogen assay. Arnold and Potts (25) 
reported that two of the 19-nortestosterones could be only partially as
sessed for their ability to promote nitrogen retention in rats due to their 
adverse effect on feed consumption. 

Junkmann and Suchowsky (44) graphically presented the hormonal 
profile of twelve steroids which included, in addition to the myotrophic 
effects (based on the levator ani response) and androgenic effects (based 
on the ventral prostate and the seminal vesicle responses), the pro
gestational effects, the antiestrogen effects (in ovariectomized female 
rats maintained with an estrogen) and pituitary-inhibitory effects in 
reproductively mature male or female rats. 

These results emphasize the importance of a complete evaluation 
of the hormonal profile of an anabolic agent in addition to its ana
bolic: androgenic activities. This is especially germane in the study of 
the newer steroids where it has been demonstrated that a single com
pound may possess estrogenic, anabolic, androgenic, and progestational 
activities (72). Thus, it may be desirable that the anabolic agents of 
interest should be assessed also for estrogenic (71, 73, 74), progestational 
(71, 75-78), and pituitary-inhibitory properties (71). This permits cor
relation of these activities with the anabolic: androgenic profile. 

B. Clinical Evaluation 
Fox et al. (30) have noted that some synthetic anabolic agents 

increase the bromsulphalein (BSP) retention time, an index of deranged 
hepatic function, when they are given at elevated dosages or, it may be 
added, when given for prolonged periods. Elevated serum transaminase 
levels have also been noted. Kory et al. (79) presented evidence that 
functional liver derangement was not accompanied by injury of liver 
cells. Furman et al. (80) found that the androgenicity of some agents led 
to a decreased ^/^-lipoprotein ratio. The significance of this latter 
observation is not clear at this time. 

V I I . SOME REPRESENTATIVE ASSESSMENTS OF THE DEGREE OF 
DISSOCIATION OF ANABOLIC AND ANDROGENIC EFFECTS 

Reports in the literature are rapidly multiplying on the relative 
anabolic and androgenic properties of this group of steroids. In order 
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T A B L E X I 
ANABOLIC AND ANDROGENIC DISSOCIATION OF SOME 

REPRESENTATIVE ORALLY EFFECTIVE ANABOLIC STEROIDS 

(Relative to Methyltestosterone) 

Anabolic Androgenic 
Steroid activity activity Ratio Reference 

Methyltestosterone 1.0 1.0 1.0 — 
Androisoxazole 1.55« 0.22* 7 .0 (27) 
Androisoxazole c — 1.7 (44) 
Androstanolone e — 0.8 (44) 
Androstanolone 0.13° 0.50* 0.26 (28) 
4-Chloromethyltestosterone 0 .50 c 0.15* 3 .3 (45) 
4-Chloromethyltestosterone 0 .50 c 0.10* 5.0 (45) 
7,17-Dimethyltestosterone 5.75 e 3* 1.9 (19) 
7,17-Dimethyltestosterone 4.2* 1.3* 3 .2 (24) 
Ethylestrenol 4 . 2 1 c 0.22* 19 (46, 47) 
Ethylestrenol c — 4.0 (44) 
Ethylestrenol 1.7» 0.21* 8.1 (27) 
Fluoxymesterone 17.4, 17.5 C 0.67, 1.0, 1.87* 15 (45) 
Fluoxymesterone 17.4, 17.5 C 0.61, 0.65, 1.01* 23 (45) 
Fluoxymesterone 28.2 C 4.5 6.3 (2) 
Fluoxymesterone c — 0.9 (44) 
Fluoxymesterone 3.8* 1.4* 2.7 (24) 
Fluoxymesterone 3/ — — (29) 
Fluoxymesterone 5« 9* 0.55 (19) 
4-Hydroxymethyltestosterone 3 .30 ' 0.48 6.9 (2) 
4-Hydroxymethyltestosterone c — 4.0 (44) 
4-Hydroxymethyltestosterone 1.8* 0.36* 5.0 (24) 
4-Hydroxymethyltestosterone 1.8» — — (30) 
Methandrostenolone 0 .89 c 0.45* 1.97 (47) 
Methandrostenolone 0.30* 0.06* 5 (45) 
Methandrostenolone 0 .30 c 0.12* 2 .5 (45) 
Methandrostenolone 2.14* 0.57 3 .7 (2) 
Methandrostenolone — — 1.4 (44) 
Methandrostenolone — — (59) 
Methandrostenolone 1.15* 0.635* 1.8 (19) 
Methandrostenolone 1 .2 e 0.35* 3 .4 (26) 
Methandrostenolone 10/ — — (29) 
Methandrostenolone 2.6» — — (38) 
Methenolone acetate c — 13 (44) 
Methylandrostanolone 2 .22 c 0.7 3 .2 (2) 
Methylandrostanolone 0.8° 1.0* 0.8 (24) 
Methylandrostenediol 0 .70 c 0.78 0.9 (20) 
Methylandrostenediol 0 .8 C 0.68* 1.18 (47) 
Methylandrostenediol 0.7» 0.62* 1.1 (25) 
Methylnortestosterone 4.6» 1.1* 4 .2 (25) 
Norethandrolone c — 6.7 (44) 
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TABLE XI (Continued) 

Steroid 
Anabolic 
activity 

Androgenic 
activity Ratio Reference 

Norethandrolone 0 .75 c 0.22 3 .4 (2) 
Norethandrolone +e — — (19) 
Norethandrolone 2f — — (29) 
Norethandrolone 3.9* 0 .19 b 20 (26) 
Norethandrolone 1.4* — — (38) 
Nortestosterone 0.73* 0.074 9.9 (25) 
Nortestosterone 1.5* — — (38) 
Oxymetholone 1.57, 4 .80 c 0.40, 0,50* 7.1 (45) 
Oxymetholone 1.57, 4 .80 c 0.22, 0 .65 d 7.3 (45) 
Oxymetholone 1.46 c 0.31 4.7 (2) 
Oxymetholone c — 2.5 (44) 
Oxymetholone 1.75* 0 .20 6 8.75 (26) 
Oxymetholone 1.15 e 0.55* 21 (19) 
Oxymetholone 3/ — — (29) 
Oxandrolone 6.3^ — — (30) 
Oxandrolone 2.8° — — (38) 
Stanozolol 3 .7 C 0.52 6.1 (2) 
Stanozolol 2 C 0.33* 6 (43) 
Stanozolol — 2.5 (44) 
Stanozolol 10* 0 .33 b 30 (26) 
Stanozolol 1« 2.5 r f 0.4 (19) 
Testosterone 0 .36 c 0.28* 1.3 (45) 
Testosterone 0 .36 c 0.50<* 0.7 (45) 
Testosterone —c — 0.6 (44) 
Testosterone 0.38* 0.57 6 0.67 (27) 

a Rat nitrogen retention method. 
h Androgenic evaluation based on ventral prostate weight increase. 
e Rat myotrophic procedure. 
d Androgenic evaluation based on seminal vesicle weight increase. 
• Nitrogen balance evaluation with the ovariectomized monkey. 
f Clinical nitrogen balance evaluation. 
0 Clinical nitrogen utilization method; testosterone propionate reference. 

to follow the significant advances being reported, it is important to have 
a background of information on the comparative anabolic and andro
genic effects together with the relative dissociations of these effects. 
With this need in mind, a summary of recently published comparisons is 
given in Table XI. 
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