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Neutralization of Ovarian Follicular Hormone in Women by 
Simultaneous Administration of Male Sex Hormone.* 

EPHRAIM SHORR, GEORGE N. PAPAXICOLAOU A N D  BEN J A M I N  F. 
STIMMEL. 

F r o m  t h e  Departments  of ,Medicine and Anatomy, Cornell Universi ty  Medical 
College, and The S e w  Pork  Hospi tal ,  N e w  Pork  C i t y .  

Recent experiments from this laboratory, in which the vaginal 
smear was used as an index, have shonm that the menstrual cycle 
can be inhibited in the human by the male sex hormone.' This is 
in accord with previous findings in rodents' and p r i n i a t e ~ . ~  The  
vaginal smear reverts to the atrophic or menopausal type,4 and can 
be kept at  that level by continued administration of adequate 
amounts of hormone. Menstrual function returns spontaneously 
af ter  cessation of  treatment. 

The present study was concerned with the possibility that the 
male hormone might have a direct antagonistic action on the ovarian 
follicular hormone, in addition to its suppressive effect on menstrual 
function. I t  \\-as stimulated by our findings in a case in which the 
menstrual cycle was interrupted by the administration of testosterone 
propionate. Four n.eeks after the last definitely established ovula- 
tory phase, and during a period in which the vaginal smear remained 
typically menopausal, there was obFerved an increased excretion of 
ovarian follicular hormone which reached the same high levels as  
during the previous follicular phase, and lasted for 3 days. The  
question arose whether the persistence of the menopausal smear 
during this period might have been due to  neutralization of the 
effect of endogenous estrogen on the vaginal epithelium by the ad- 
ministered male hormone, The  experiments of Robson' on ovariec- 
tomized mice in which vaginal cornification by oestrone was pre- 
vented by concomitant administration of testosterone, suggested 
that this might be the case. 

mittee for Research o n  Problems of Sex, of the National Research Council. 

MED., 1938, 37, 689. 

- .~ 

* Aided by Grants from the Josiah Macy, Jr., Foundation and from the Com- 

1 Papanicolaou, G. N., Ripley, H. S., and Shorr, E., PROC. SOC. EXP. BIOL. AND 

2 Robson, J. >I., PROC. SOC. EXP. BIOL. AND MED., 1936, 35, 49. 
3 Zuekerman, S., Lance t ,  1937, 233, 676; Hartman, C. G., PROC. SOC. EXP. 

4 Papanicolaou, G. N., and Sliorr, E., Am. J .  Obs.  and Gyn., 1936, 31, 806. 
5 Robson, J. X, J .  Physiol., 1937, 90, Proc. Physiol. Soc., 15 P. 

BIOL. A N D  &[ED., 1937, 37, 87. 



En-perinaeiifnl. ’Iliith this in mind, estradiol benzoate (progynon- 
B) was administered to  women ivith the menopausal syiidrome in 
amounts sufficient to produce and maintain a follicular A t  

Vaginal Smears of Case C. 
E‘IG. 1. 
FIG. ’7. 1’ollicul:ir smear follo\\ing treatment r i t h  estradiol benzoatc (3,000 

R.U. daily), prior to administration of  testosterone propionate. 
FIG. 3. Smcar after daily administration of 25 mg of testosteroiie propionate 

for 27 consecutive days and 50 mg for  7 days, combined with 3000 R.U. of estra- 
diol benzoate daily throughout this period. Kote disappearance of cornified cells, 
reappearance of deep cells, with regression towards the menopausal type of smear. 

Reappearance of follicular smear with continuance of daily treatment 
with 3000 R . r .  of estradiol benzoatcl, 14  days after stopping testosterone pro- 
pionate. 

Cont i  01 smcwr before tl entiiiciit (~ncnopausal type). 

FIG. 4. 
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this stage, the injections of estradiol were continued, and, a t  the 
same time, testosterone propionate ( 0 r e t o n ) t  was also given. The 
effects of the simultaneous administration of these hormones was 
followed by means of vaginal smears, vaginal biopsies. and hormonal 
assays. 

The subjects were 3 ivomen whose menopause was well estab- 
lished. Patient C had 
had a hysterectomy, In  all 3, control smears were typically meno- 
pausal (Fig.  1 ) .  Prior to treatment, urinary estrogen assays in 
each case indicated a daily excretion of  less than 90 International 
units, and the urinary prolan was above normal levels. 
X daily dose of estradiol benzoate sufficient to establish a typical 

follicular smear (Fig.  2 )  and symptomatic relief was administered. 
This was. for A, 1,500 R.U., and for B and C, 3,000 R.U. Then 
testosterone propionate ivas given as follo\vs: to A, 25 m g  daily in 
oil for 17 days (total 425 m g )  ; to  B, 23 ing daily for 10 days, 50 
mg for 3 days, ancl 25 mg  for  the next 3 (total 475 mg)  ; and to C 
25 nig on 27 consecutive days, and 50 for the following 7 (total 
1,025 mg) .  Estradiol benzoate, in the doses given above, was ad- 
ministered throughout the period of study. 

In all 3 women, with the administration of male hormone together 
n i th  estradiol benzoate, there was a gradual disappearance of corni- 
fied cells, a reappearance of deep cells, and the smears lost their typi- 
cal follicular character (Fig.  3 ) .  Biopsies of the vaginal niucosa at 
this time showed a loss of the cornifietl zone which had been built 
up by the previous injections of estradiol benzoate. The  level of the 
urinary prolaii fell to below 10 mouse units per 24 hr  and remained 
within these normal values throughout the period of combined 
treatment. The  symptomatic improvement achieved with estradiol 
alone persisted \\.hen both hormones were given. During the period 
in n hich the male hormone was given, libido and sexual response 
were definitely greater than that experienced with estradiol alone. 
The voice ivas perceptibly lowered, and there was a marked vulva1 
hyperemia, as well as moderate enlargement of the clitoris in all 3 
subjects. 

In B and C, the administration of estradiol benzoate was continued 
after the testosterone propionate n a s  stopped, and the vaginal 
smears again became follicular (Fig.  4).  Patient C received a sec- 
ond course of 25 mg  of testosterone daily for 14 days, along with 

t We are indebted t o  Dr. E. Schwenk and Dr. G. Stragnell of the Schering 
Corporation for  the generous supply of testosterone propionate (Oreton) and 
estradiol benzoate (Progynon B).  

Patients -4 ancl B had intact pelvic organs. 
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3,000 R.U. of estradiol lienzoate. This resulted in a second transi- 
tion from a follicular smear to one devoid of cornified cells. 
X second group of 5 menopausal \\-omen, inclucling 2 castrates, 

received testosterone propionate alone (25 nig daily). Symptoms 
were relieved ivith this dose in 1, and prolan excretion diminished, 
with no changes in the smear picture or  the vaginal epithelium, 
which remained nienopausal throughout. In  neither of these 2 
groups of subjects was there observed the development of  a follicu- 
lar smear with male hormone alone as has k e n  recently reported by 

There are several possible modes of action o f  male 
hormone in women. One is a direct effect upon the ovary to sup- 
press menstrual function, -411 example of this may be the amenor- 
rhea ivhich follo\vs the prolonged administration of the hormone to  
menstruating \vomen.' ,%nother possibility is that the action is pri- 
marily on other endocrine organs, most likely the hypophysis, antl 
the effect on the ovary is secondary. This is suggested by the dimin- 
ution in prolan excretion \ve antl others' have observed. A third is 
a direct peripheral effect antagonistic to the estrogens, such as we 
have shown for vaginal coriiification in humans, and Robson in mice. 
Finally, all these mechanisms may function in varying degrees and 
a t  different times. 

A calculation of the neutralizing capacity in humans of the male 
hormone on estradiol is of interest. One m g  of estradiol benzoate is 
equivalent to a b u t  6,000 R.U. In  these experiments, 25 mg  of 
testosterone propionate \vas able to neutralize 0.5 mg  of estradiol. 
The ratio is therefore 50 : l .  Using ovariectomized mice, Robson 
found a ratio of 300:l Ixtlveen testosterone and estradiol. 

These results may have some bearing on the interpretation of the 
observation that androgens and estrogens are both present in the 
normal male and female. I t  may be that some such mechanism of 
neutralization serves to  preserve the fundamental characteristics of 
each sex, in the presence of both types of hormones, and that the 
different concentration in which they exist in men and women is 
the expression of the proper balance between them which will achieve 
this end. 

Studies of vaginal smears and biopsies indicate that 
the male hormone (testosterone propionate) is able to neutralize, 
in women, the effects of estradiol on the cornification of the 
vaginal epithelium. 

Conlmrizt. 

Conclusioiz. 
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