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needed glycine. It is of interest that Wein-
stock et al.(8) have recently shown proteo-
lytic activity of muscle from vit. E-deficient
rabbits to be increased. This could account
for the observed increase in other free amino
acids of dystrophic muscle.

On the basis of these observations, it is
concluded that vit. E-deficiency in rabbits is
characterized by a distinct pattern change in
the free amino acid levels of various tissues.
The decrease in glycine suggests that it is in
some unknown way implicated in the dystro-
phic state.

Summary. 1. Concentration of free amino
acids from 6 tissues of normal and vit. E-
deficient rabbits has been determined by
Dowex-50 chromatography. 2. There was a
general increase in free amino acids of mus-
cle, heart, spleen, and liver of dystrophic ani-
mals. Only glycine and serine were mark-
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edly reduced. 3. Kidney and especially
brain showed a general decrease in free amino
acids. 4. Concentration of glycine was more
consistently reduced in various tissues than
other amino acids.
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Comparative Androgenic and Anabolic Effects of Several Steroids. (23039)

Francis J. SAUNDERS
Division of Biological Research,

The common androgens, testosterone pro-
pionate and methyl testosterone. produce ana-
bolic as well as androgenic effects(1.2). In
man, the androgenic activity frequently limits
the use of these compounds as anabolic agents.
Attempts to increase relative anabolic po-
tency have led to development of methyl an-
drostenediol (3) (Methostan, Methandriol).
androstanolone(4) (Neodrol, Stanlone) and
17 - ethyl - 19 - nortestosterone(5) (Nilevar).
The present study was underaken to compare
the anabolic and androgenic potencies of
these newer agents with testosterone propi-
onate, methyl testosterone and unesterified
testosterone.

Materials and methods. The method used
was that of Eisenberg and Gordan(6). The
rats were castrated at 23-25 days of age.
Starting 3 weeks later, the compounds dis-
solved in corn oil, were administered intra-
muscularly daily for 7 days. Testosterone,
testosterpne'propionate and methyl testoster-
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one were compared with methyl androstene-
diol, androstanolone and 17-ethyl-19-nortes-
tosterone. Eight rats were used at each dose
level and total doses of 0.02 to 5 mg per rat
were administered. A total of 432 rats was
used; of these, 88 served as oil-treated con-
trols. Gains in body weight, as well as ter-
minal weights of the seminal vesicle and ven-
tral prostate glands and levator ani muscles,
were examined and compared with these pa-
rameters in controls autopsied at the same
time. The regression lines shown in Fig. 1
were calculated by the method of least
squares using only those values at and above
the minimal effective range.

Results.  Anabolic effects. Increase in
weight of the levator ani muscle was used as
a measure of anabolic activity. In Fig. 1, the
differences between weight of this muscle in
the treated animals and in controls run at
the same time are plotted against the log of
the dose. Marked anabolic responses were
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FIG. 1. Responses of seminal vesicles (open eircles) and levator ani muscles (solid circles) of

castrated male rats to graded doses (log scale) of various steroids. Each point is the difference

between avg organ weights of a group of 8 treated animals and controls run simultaneously.

Regression lines were calculated by the method of least squares from those values which showed

a significant increase over the controls. Solid lines indicate androgenic potency while broken
lines represent anabolic effects.

obtained with testosterone propionate, 17-
ethyl-19-nortestosterone, and androstanolone
while curves for testosterone and methyl tes-
tosterone exhibited a more gentle slope.
Methyl androstenediol was much less active
than the other compounds.

Body weight. Overall gain for the 88 con-
trol animals was 36 g during the week of
treatment. Groups of 8 animals each showed
average gains ranging from 31 to 41 g. In
general, doses of these steroids which caused
significant increases in levator ani muscle
weight also caused gains in body weight in
excess of the gains seen in the controls. With
8 animals per group these increased gains
were not always statistically greater than the
controls. The pooled results at anabolic dose
levels are presented in Table I. Significantly
increased gains in body weight were obtained
with testosterone, testosterone propionate, an-
drostanolone .and 17-ethyl-19-nortestosterone.

Although the table does not show a signifi-
cant increase with methyl testosterone, at the
5 mg dose level the increase obtained with this
compound was significant. - The data on me-
thyl androstenediol are from a single group
of rats and no increased gain was obtained
with this compound at the doses used.
Androgenic activity. Relative androgenic
potencies of these steroids are also depicted
in Fig. 1. Testosterone propionate was by
far the most potent androgen studied and its
androgenic effect, as measured by increase in
seminal vesicle weight, far exceeded anabolic
response, as indicated by increase in the
weight of the levator ani muscle. With tes-
tosterone, methyl testosterone, and andros-
tanolone androgenic and anabolic responses
to a given dose, as shown by these parameters,
were reasonably close together. However, it
will be noted that methyl androstenediol
showed little androgenic or anabolic activity
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TABLE I. Effects of Various Steroids on Gains in Body Weight in Castrated Rats.

Dose range, Mean body  Mean diff. from
mg No. of rats wt, g control, g t
Control 88 35.58
Testosterone propionate .2-5, 40 41.90 6.32 =+ 1.06* 5.96
Testosterone 1. -5. 23 42.43 6.85 *+ 1.31 5.23
Methyl testosterone 1. -5. 24 37.54 1.96 + 1.28 1.53
Methyl androstenediol 5. 8 34.25 -1.33 = 2.06 - .65
Androstanolone .5-5. 31 42.51 6.93 = 1.17 5.92
17-Ethyl-19-nortestosterone 2-5. 40 39.42 3.84 = 1.06 3.62
* =+ stand. error.
TABLE 1I. Androgenic and Anabolic Responses to Various Steroids in Castrated Rats.
Total dose (mg) required Potency relative to
to produce testosterone pro- Potency
100% in- 30 in- pionate (%) ratio, ana-
erease in crease in Andro- bolic/an-
Compound senn ves, wt o lev, ani wt genic  Anabolic drogenic
Testosterone propionate 073 .26 100 100 1.00
Testosterone 21 1.00 35 26 .74
Methyl testosterone .30 1.00 24 26 1.08
Methyl androstenediol 1.6 3.65 5 7 1.58
Androstanolone 24 A5 30 58 1.93
7 104 14.85

17-Ethyl-19-nortestosterone 1.10

25 7

while 17-ethyl-19-nortestosterone had marked
anabolic activity combined with a low andro-
genic potency. Increases in the weights of
the ventral prostate glands were similar in
degree to the changes in seminal vesicle
weights so the data are not presented here.
These effects on the ventral prostate confirm
the conclusions regarding relative androgenic
potency of these steroids.

Discussion. Hershberger et al.(7) pro-
posed the anabolic ratio as a measure of de-
gree of separation of anabolic and andro-
genic effects. They used smaller rats and
calculated androgenic effect from the weight
of the ventral prostate gland. With our older
rats it was observed that this ratio was fairly
constant only when the organ responses were
marked, that is, when increase over the con-
trols was at least 20 mg.

From Fig. 1 the doses required to produce a
100% increase in seminal vesicle weight (to
20.2 mg) and a 50% increase in levator ani
weight (to 97.0 mg) were calculated. The
potency relative to testosterone propionate at
these points was determined (Table II).
From these data, the anabolic/androgenic ra-
tio was calculated. Since the slopes of the
various lines differed, the calculated ratios in
Table IT hold only for this set of conditions.

Slight separation of anabolic and androgenic
effects was obtained with androstanolone,
which gave a ratio of 1.9:1 and methyl-an-
drostenediol with a ratio of 1.6:1, while 17-
ethyl-19-nortestosterone showed a much
greater separation with a ratio of 15:1.
Gordan et al.(8) reported that methyl an-
drostenediol had an anabolic potency equiva-
lent to that of methyl testosterone but that
it produced androgenic effects only at ex-
cessively high doses. Hershberger et al.(7)
found this compound to have only 5% the
anabolic potency of testosterone propionate
with no separation of activities. Barnes et
al.(9), using younger rats than were studied
in the current report, and treating for a
ionger period, found that methyl androstene-
diol had an androgenic potency of 2.1% and a
myotrophic potency of 2.2% compared to tes-
tosterone propionate giving a ratio of 1. From
our results corresponding values of 7.1 and
4.59% were obtained, with a ratio of 1.6.
These results agree with those of Barnes e al.
rather than with those of Gordan et al. Hen-
derson and Weinberg(10) found that when
administered subcutaneously in rats, using
the seminal vesicles as the end point this com-
pound was about 15 as androgenic as testos-
terone, but its effect on the capon comb, after
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parenteral administration, was only 2% that .
of testosterone.

Kochakian(2) reported that androstano-
lone was about as androgenic as testosterone
propionate in castrated mice. He used a very
limited number of doses. The renotropic ef-
fects of the two compounds were also similar.
Barnes et al.(9), using rats, calculated a myo-
trophic potency of 21.8% and an androgenic
potency of 13.2%, thus giving a ratio of 1.6.
Again our corresponding figures are slightly
higher or 589% and 30% respectively, but the
ratio is similar, 1.9. Barnes et al. also re-
ported that the cyclopentyl-propionate of 19-
nortestosterone was about 1.5 times as potent
as testosterone propionate as an anabolic
agent and ascribed to it an anabolic/andro-
genic ratio of 9.3. Our results show 17-ethyl-
19-nortestosterone to have a myotrophic po-
tency of 104% and an androgenic potency of
only 7% giving an anabolic/androgenic ratio
of 15, thus showing the widest separation of
effect hitherto reported.

Summary. The androgenic and anabolic
effects of testostérone, testosterone propionate,
methyl testosterone, methyl androstenediol,
androstanolone and 17-ethyl-19-nortestoster-
one (Nilevar) were compared. The greatest
androgenic responses were obtained with tes-
tosterone propionate while the most marked
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anabolic effects were observed with either tes-
tosterone propionate or 17-ethyl-19-nortestos-
terone. Compared to testosterone propionate,
methyl androstenediol and androstanolone
showed a small increase in the anabolic:
androgenic potency ratio but a much more
marked increase was observed with 17-ethyl-
19-nortestosterone.
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Effects of Age, Castration and/or Steroids upon Hematocrit in Male Rats.*

(23040)

JEroME A. GrUNT, WiLLiaM H. KN1seLyt ANp RoGER J. BERRY
(Introduced by J. W. Everett)

Departments of Anatomy and Medicine, Duke

The effects of age, castration and steroids
on the blood of male rats have been studied
previously. It has been reported(1) that
hemoglobin content rose from 50th to 150th
day of life. Several investigators(2-4) have
shown that gonadectomy causes mild, tran-

* This investigation was supported in part by re-
search grant from Duke University Council on Re-
search,

t This work was done during tenure of Research
Fellowship of Am, Heart Assn.

University School of Medicine, Durkam, N.C.

sient anemia; these workers and others(2-7)
reported that this anemia could be repaired
by subcutaneous injections of androgen. Es-
trogen has been reported to have a moderate
(4) or no(7) effect on male rat blood. A
recent review article discusses erythropeietic
stimuli in additional species(8}).

The micro-method of Strumia, Sample and
Hart(9) permits hematocrit determinations
with very small amounts of blood. thus allow-
ing multiple determinations on a single ani-



