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jected penicillin in mice experimentally in- 
fected with Type I pneumococci. 2. When 
equal oral doses of these adjuncts are given, 
‘Benemid’ had a t  least two to three times 
the duration of action of carinamide. 3. 
Plasma concentration studies show that ‘Bene- 
mid’ disappears from the blood stream at a 
somewhat slower rate than does carinamide. 
4. Plasma concentration studies, combined 
with a consideration of the protection test 
data, suggest that ‘Benemid’ has about twice 
the intrinsic activity of carinamide. 5. The 
combined data indicate that the prolonged 
effectiveness of ‘Benemid’ in mice is the result 
not ‘only of its slower rate of disappearance 
from the blood stream but also of its greater 
intrinsic activity . 
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Comparative Study of Anabolic Effects of Three Androgenic Steroids.” 
(19425) 

W. DEAN WARREN AND MARK A. HAYES. (Introduced by R. L. Kahn.) 
From the Department of Surgery, University of Michigan Medical School, Ann Arbor, Mich. 

I t  has been reported( 1) that testosterone 
cyclopentylpropionate (hereafter referred to 
as TCP) has greater anabolic and androgenic 
activity in rats than testosterone propionate 
(TP) or methylandrostenediol (MA). Stud- 
ies in man(2) have shown that TCP has a 
more effective androgenic action than has TP. 
As a result of recent clinical experiments(3), 
it seemed desirable to attempt a comparative 
evaluation of the anabolic potency in man of 
these 3 steroidal preparations. 

Method. A 56-year-old white man in good 
nutrition with a gastrostomy for a benign 
stricture of the esophagus was placed on a 
constant daily tube diet supplying: protein 
70 g (11.2 g nitrogen), carbohydrate 98 g, 
1730 calories; sodium 55.5 meq, potassium 
70.7 meq, and adequate vitamin supplements 
all in a volume of 3050 cc. Twenty-four-hour 
urine specimens were collected and were meas- 
ured carefully for volume and analyzed for 

* Supported by the Lawrence J. Montgomery Re- 
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total nitrogen (Koch-McMeekin method) 
carbohydrate (Nelson-Somogyi method), SO- 
dium and potassium (Perkin-Elmer flame 
photometer). Periodic determinations were 
made of the 24-hour urinary excretion of 17- 
ketosteroids (Robbie and Gibson method). 
Fecal nitrlogen was not measured and was as- 
sumed to be constant (4). -\fter a 7-day con- 
trol observation period, and at  7-day intervals, 
the patient was given an intramuscular injec- 
ti’on with equivalent contents of testosterone 
(2) of each of the 3 steroids in the following 
order: TIP (300 mg), MA (300 mg), and 
TCI? (353 mg) . 

Results. Fig. 1 presents the metabolic data 
of the entire experiment graphed according to 
the method of Reifenstein, Albright, and 
Wells ( 5 ) .  The apparent nitrogen retention 
manifested during the control period is ac- 
counted for in the calculated but unmeasured 
fecal losses. The dotted line extending through 
the experimental periods is the average excre- 
tion level of each substance calculated from 
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FIG. 1. Daily metabolic data illustratiiig the effects of the 3 androgenic drugs. The arroll- 
indicates the clay of aclniinistratic,ii of the drug. Data cliartecl according t o  Reifellsteill, Al- 

bright and Wells (S) . 

the control period and shows the absolute re- 
tentions produced by the 3 steroid prepara- 
tions. Table I presents both the daily 
average excretory levels and the cumulative 
balances of water, nitrogen: sodium and potas- 

TABLE I. Daily Average Escretory Values and 
Cuinula t ix-e Balances for  Sodium, Pot as sium, S i t r  o - 

gen as Influenced liy t,he 3 Androgenic Agents. 

hvg  d:iilj- uriiiarp escretioii 
Control 1-7 21.50 10.3 44..i .54.6 
TP 8-11 1640 9.1 2.i.C) X.8 
Jlh 1.5-21 1.59(i 9.2 23.8 30.3 
TCP 2 2 - 2 8  1440 8.2 11..5 48.7 

C'ontrol 1-7 -- 

8.2 1.50.:3 143.8 TI? 9-14 3iVO 
31A 15-21 3910 1 . d  165.1 
TC'I' 28-28 4990 14.1 251.4 31.1 

C'umulatiw retention 
- - - 

" 0  - -  

sium as effected by the 3 individual steroids 
compared with the control period. The an- 
ticipated retention of water, nitrogen, sodium 
and potassium( 6,7) occurred following the 
injection of each of the preparations. I t  is 
readily apparent, however, (Table I) that the 
most profound effect followed the administra- 
tion of TCP, when the comparable 7-day 
period cumulative retention of nitrogen was 
significantly greater by almost a factor of 2 
and the 24-hour urinary excretion of 17-keto- 
steroids still indicated available steroid. The 
cumulative retentions ,of nitrogen, water and 
electrolytes with both TP and MA were essen- 
tially the same with equivalent dosages and 
were of much shorter duration, though the 
17-ketosteroid excretion is reliable only in 
evaluating the duration of activity ofl TP, 
since MA is not metabolized and excreted as a 
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17-ketosteroid. 
Summary. Comparative anabolic evalua- 

tions after a single equivalent dose injection 
of testosterone propionate, methylandrosten- 
ediol and testosterone cyclopentylpropionate 
indicate that TP and M.A are about equal in 
anabolic potency, while TCP is twice as effec- 
tive over a comparable period of time. TCP 
is also effective for a greater period of time, 
undetermined in this study. 

The authors are indebted to many people for their 
assistance in this investigation: B. S. Dobbie, H. 
Bergene, and their staff on the surgical wards, Uni- 
versity Hospital; J. P. Chandler, Consulting Bio- 
chemist, University Hospital; H. F. Hailman, the 
Upjohn Co., Kalamazoo, Mich., for the oral fat 
emulsion (Lipomul) and the testosterone cyclopen- 
tylpropionate; F. E. Houghton, of Ciba, Sum- 
mit, N. J.  for the testosterone propionate; M. W. 

.4mter, Schering Corporation, Bloomfield, X. J., 
for the methylandrostenediol (Methostan). 
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From the Division o f  Pathology, School of Medicine, and the Department of Biochemistry, 

University of CaliforlzM, San Francisco and Berkeley. 

While mice have been utilized extensively 
for the bioassay of urinary gonadotropins, 
there have been no reliable data on the effects 
of highly purified f ollicle-stimulating hormone 
in mice. This study g a s  performed with the 
purpose of determining the responsiveness of 
mice of the C57 black strain to a highly puri- 
fied follicle-stimulating hormone (FSH) prep- 
aration isolated from sheep pituitary glands 
(1?2). Female C57 black mice, 20 to 24 days 
old, were injected daily with FSH for 5 days 
and autopsied 24 hours after the final injec- 
tion. Groups of 6 mice were used for each 
level of FSH. A t  autopsy the ovaries and 
uteri were dissected, weighed and fixed in 
formalin. Paraffin sections of the uteri and 
the ovaries, stained with hematoxylin and 
eosin, were prepared. 

-4 right orchidectomy was performed on 

*aided in part by grants from the University of 
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male mice 2 1  to 27 days old of the C57 black 
strain; the right testis was weighed and fixed 
in formalin. Immediately following orchidec- 
tomy, FSH was injected daily for 5 days. 
The animals were sacrificed on the 6th day 
following orchidectomy, 24 hours after the 
final injection. The left testis was weighed 
and fixed in formalin. Microscopic sections 
of both testes were prepared. Controls of both 
sexes of similar age range were not injected. 

Results. Female mice. The ovaries showed 
no morphologic changes at  0.05 and 0.10 mg 
levels. The uteri of all mice showed endo- 
metrial and myometrial stimulation character- 
istic of that produced by estrogens. The un- 
injected controls showed infantile ovaries and 
uteri (Table I ) .  With total doses of 0.25 mg 
or more the ovaries showed some follicular 
development. A 5 mg total dose produced oc- 
casional f ollicular hemorrhages and early 
thecal luteinization. 

Male mice. The uninjected controls showed 


