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The sterilization of female rats through the 
neonatal administration of androgen, specif- 
ically testosterone propionate (TP), has been 
reported extensively (review, 1). Persistent 
vaginal cornification and ovarian tissue de- 
void of corpora lutea at adulthood character- 
ize the anovulatory or androgenized female 
rat. Both the timing (2) and the dosage (3) of 
TP administration are important in defining 
the “critical period” during which androgens 
interfere with the sexual differentiation of the 
brain. In the rat, unlike primates (4), the 
critical period in which the hypothalamic 
neural mechanism is susceptible to androgen 
influence extends beyond gestation for a pe- 
riod of 10 days. The “neuro-competent pe- 
riod”, or the total time during which andro- 
gens exert an organizing effect on the central 
nervous system (2), may begin prior to par- 
turition. Doses of 10 and 25 mg TP given to 
pregnant rats induced the androgen syn- 
drome in the offspring, while 20 to 100 pg 
directly into the fetus 1-4 days before birth 
caused both external masculinization and an- 
ovulatory ovaries (5) .  The present study ex- 
amines the critical period for androgenization 
for female rats delivered after a shortened or 
lengthened period of gestation in rats deliv- 
ered by cesarean section on days 22 and 24 
of gestation. 

Methods. Sprague-Dawley female rats 
(Charles River) were mated and day 1 of 
pregnancy determined by sperm in the vagi- 
nal lavage. Progesterone (P) treatment (4 mg/ 
day) to certain mothers was initiated on day 
20 to prolong pregnancy to day 24 and to 
examine the influence of prior P treatment to 
the mother on the subsequent effectiveness of 
TP administration to the offspring. The 
groups consisted of non-injected mothers 
with female rats cesarean delivered on days 
22 and 23 and injected rats with animals 

’ This study was supported by Grant No. 09058 from 
NIH-NICHD. 

delivered on days 22, 23 and 24. Following 
cesarean delivery the animals (number = 382) 
were given to foster mothers in litters of 8. 
On either day 3, 5 ,  7, 8, 9 or 10 of age 
(measured from time of birth) animals were 
given a subcutaneous injection of 100 pg TP 
in oil. After weaning, the littermate controls 
and injected animals were caged together. 
The animals were examined for vaginal open- 
ing and thereafter vaginal smears taken daily 
until day 70 of age, at which time the animals 
were autopsied. The ovaries were weighed 
and subjected to routine histological proce- 
dures. Androgen sterilization was confirmed 
by at least 10 consecutive days of vaginal 
cornification and the lack of corpora lutea in 
the ovaries at day 70. Statistical significance 
of all data was determined by analysis of 
variance and the Wilcoxon two sample rank 
test (6). 

Results. Vaginal opening was delayed in 
animals delivered on day 22 (42.0 f 0.7 days, 
P < 0.001) when compared to rats delivered 
on days 23 or 24 (37.7 f 0.6 days, 36.7 * 0.5 
days) (Table I). Testosterone treatment on 
day 3 resulted in a failure of vaginal opening 
in all of the 22 day delivered animals, a 
phenomenon which decreased to 82 and 12% 
in 23 and 24 day animals respectively (Table 
11). Progesterone treatment of the mother had 
no effect on vaginal opening in 22 or 23 day 
animals treated on day 3 with TP. Testoster- 
one propionate treatment (days 3-10) signif- 
icantly advanced the onset of vaginal opening 
in 22 and 23 day animals when compared to 
non-treated controls (P < 0.05 for 22 day 
animals; P < 0.01 for 23 day animals) but 
day of administration of TP within that pe- 
riod was not important (Table I). Moreover, 
prenatal P treatment of the mother prevented 
the TP induced earlier vaginal opening for all 
delivered age groups except 22 day animals 
treated on day 7. A significant overall effect 
of P administration to the mother on vaginal 
opening was demonstrated when all TP treat- 
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TABLE I .  THE EFFECTS OF TP" TREATMENT O N  DIFFtRENT POSTNATAL DAYS O N  T H E  TIME OF V A G I N A L  
OPENING (DAYS) IN RATS CESAREAN DELIVERED O N  DAYS 22, 23, A N D  24 OF PRl5GNANC.Y." 

- 
- 
- 

- 

- 

- 
- 

Day of injection of TP" 
Parturition 
time (days) Control 3 5 7 8 9 10 

22 

22 + 
23 

Progesterone' 

23 + 
24 + 

Progesterone' 

Progesterone' 

42.0 f 0.7 
(18) 

43.4 f 1 . 1  
(22) 

37.7 f 0.6 
(22) 

( 1  1 )  

(20) 

36.8 f 0.7 

36.7 f 0.5 

- 37.8 f 1.1 
(12) 

- 41.0 f 0.6 
( 5 )  

34.4 f 0.4 
(3) (8) 

(7) (9) 

( 1 5 )  (6) 

35.6 f 0.6 

36.9 f 0.9 

36.2 f 1.3 

37.1 f 0.8 

36.8 f 1.4 

39.2 f 1.2 
(10) 

38.8 f 1.1 
(10) 

35.4 f 0.8 
( 1 1 )  

37.2 f 0.7 
(9)  

36.2 f 0.9 
(10) 

38.8 f 1.3 
(6) 

40.7 f 1.6 
(9) 

33.8 k 0.6 
(7) 

36.3 f 1.0 
(9) 

36.7 f 0.9 
(4) 

39.6 f 0.7 
(12)  

41.4 f 0.9 
(9) 

35.7 f 0.6 
(7) 

(7) 

( 5 )  

36.5 -+ 1.6 

36.8 f 0.3 

39.0 f 1 . 1  
( 1 1 )  

40.2 f 1.3 
( 1 1 )  

35.6 f 0.7 
(9) 

37.2 f 1.9 
(6) 

34.5 f 1.3 
(8) 

'' 100 pg testosterone propionate. 
Measured from day of birth. 

' 4.0 mg/day to the mother from day 20; ( ) number of animals. 
"Statistical evaluation: Day effect: P;  22 control vs. 23, 24 controls <0.001; TP effect: 22 control vs. 22 with TP 

combined <0.05; 22 + Progesterone control vs. 22 + Progesterone with TP combined N.S.; 23 control vs. 23 with T P  
combined <O.Ol; 23 + Progesterone control vs. 23 + Progesterone with TP combined N.S.; 24 + Progesterone control 
vs. 24 + Progesterone with TP combined N.S.: Progesterone effect: 22 with T P  combined vs. 22 + Progesterone with 
T P  <0.05; 23 with TP combined vs. 23 + Progesterone with TP <0.01. 

TABLE 11. THE EFFECT OF TP" TREATMENT AT 3 

CESAREAN DELIVERED ON DAYS 22, 23, A N D  24 OF 
PREGNANCY. 

DAYS OF AGE O N  VAGINAL OPENING I N  RATS 

Animals failing to exhibit vaginal 
opening by day 70 

Parturition Time 
(days) Number % 

22 18/18 100 
22 + 10/10 100 

23 14/17 82 
23 + 11/18 61 

24 + 2/17 12 

Progesterone" 

Progesterone* 

progesterone" 

'' = 100 pg testosterone propionate. 
" = 4.0 mg/day to the mother from day 20 of preg- 

nancy. 

ment days were combined and compared to 
nontreated controls (22 day animals, P < 
0.05; 23 day animals, P < 0.01). 

The critical period for androgen steriliza- 
tion was of longer duration for animals deliv- 
ered on day 22 of gestation than for animals 
delivered on day 24. For example, 53% of the 
22 day delivered animals injected with TP on 
day 9 demonstrated the anovulatory syn- 
drome by day 70, while only 33 and 14% of 
the 23 and 24 day delivered animals exhibited 
persistent estrous (Fig. 1). For all 6 injection 
days, we find a consistent pattern in which 
the highest anovulatory percentages are 

0---d 22 
23 

A- 24 

3 5 7 8 9 1 0  
DAY OF INJECTION 

FIG. I .  The incidence of the anovulatory syndrome 
at day 70 following treatment of 100 p g  TP at various 
neonatal days for animals delivered at different parturi- 
tion times. The shaded area represents identical T P  
treatment days relative to the biological age of the hy- 
pothalamus. The same number of animals as in Table 1. 

found in 22 day animals, and lowest in 24 
day animals. The probability that such a 
consistent pattern could be the result of 
chance alone is less than 1.2 X lop4. The 
hypothalamic responsiveness to androgen 
was dependent on the biological age of the 
hypothalamus, for when TP treatment was 
considered relative to the chronological age 
from conception (treatment on day 9 for 22 
day animals = treatment on day 7 for 24 day 
animals), the number of animals exhibiting 
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the anovulatory syndrome was essentially 
identical (shaded area in Fig. 1). In addition, 
prior P treatment of the mother had no over- 
all influence on the induction of anovulation 
in the TP treated animals (Table 111). 

Discussion. These studies have shown that 
(1) early androgen treatment of the prema- 
turely delivered rat resulted in a failure of 
vaginal opening, (2) the responsiveness of the 
fsmale hypothalamus to androgen is related 
to the biological age of the hypothalamus, 
and (3) TP administration advanced the time 
of vaginal opening in the premature and 23 
day delivered rat, while P administration to 
the mother prevented this effect. 

Neonatal TP treatment of rats (7) and mice 
(8) has been previously shown to advance the 
onset of puberty, a finding also substantiated 
by this study. The delay in vaginal opening 
characteristic of the prematurely delivered rat 
(9) was partially negated by TP treatment, 
regardless of day of TP treatment. Dorfman 
(10) and Arai and Gorski (11) have shown 
that P administration simultaneously with TP 
can inhibit to some degree the androgeniza- 
tion effects on the female reproductive cycle, 
at least at 45 days of age. Although P admin- 
istration to the mother from day 20 of gesta- 
tion in the present study had no effect on 
vaginal opening in control animals, it blocked 
the effects of TP induced accelerated time of 
vaginal opening. It must be emphasized, how- 
ever, that prematurely delivered rats received 
prenatal P exposure for only 2 days, whereas 
24 day delivered animals resulted from moth- 

TABLE 111. THE EFFECTS OF TP" TREATMENT ON 
DIFFERENT POSTNATAL DAYS FOLLOWING 

PROGESTERONE ADMINISTRATION TO THE MOTHER 
O N  THE INCIDENCE OF PERSISTENT ESTROUS (%) AT 

DAY 70 OF AGE." 

Parturi- Day of Injection of TP" 
tion 
time Con- 

(days) trol 3 5 7 8 9 10 

22 0 100 100 100 83 53 9 
22 + P' 0 100 100 90 63 66 9 
23 0 100 100 79 60 33 0 
23 + P' 0 100 100 90 60 29 0 
24 + P' 0 90 83 66 33 14 0 

" = 100 pg testosterone propionate. 
= measured from time of birth. 

('= 4.0 mg/day to the mother from day 20 of preg- 
nancy. 

ers receiving P treatment for 4 days. The 
results, however, were pronounced in both 
cases. Also, TP treatment on day 3 in animals 
delivered on day 22 resulted in a failure of 
vaginal opening. Masculinization of the ex- 
ternal genitalia of the female following an- 
drogen treatment during development is a 
well known phenomenon (5) ,  however pre- 
vious studies on the "critical period" in 1- to 
3-day TP injected normally delivered animals 
have not disclosed failure of vaginal opening 
as a predominant effect of early TP treat- 
ment. Thus, the prematurely delivered ani- 
mal appears to be more sensitive to the mas- 
culinization effects of early TP treatment. 

Exposure of the developing brain to andro- 
gen has profound effects on hypothalamic 
maturation and differentiation. A high dose 
of androgen prevents ovulation from ever 
occurring, while low doses (10 pg of TP) can 
induce a delayed anovulation syndrome (2, 
3). Although it has been previously shown 
that androgen treatment of either the mother 
or fetus can induce an early androgen syn- 
drome (5), the present study relates definitive 
parturition times with exposure to 100 pg 
neonatal androgen. Since the critical period 
was longer in 22 day delivered animals and 
shorter in animals delivered on day 24, the 
critical exposure period of androgen appears 
to represent an intrinsic characteristic of 
brain differentiation related to biological hy- 
pothalamic age. However, the beginning pe- 
riod in development during which androgens 
first begin to influence hypothalamic differ- 
entiation remains to be determined. 

Summary. Female rats were cesarean deliv- 
ered on days 22, 23 and 24 of gestation and 
treated with 100 pg testosterone propionate 
on various neonatal days. Certain mothers 
were administered progesterone prior to de- 
livery of the offspring. Prematurely delivered 
rats had a longer critical period for androgen- 
ization than animals delivered on day 24 
indicating that the responsiveness of the hy- 
pothalamus to androgens is age dependent. 
Although early testosterone treatment of the 
prematurely delivered rat resulted in a failure 
of vaginal opening, androgen treatment on 
subsequent days (5-10) advanced the timing 
of vaginal opening, while progesterone ad- 
ministration to the mother prevented this ef- 

' The same number of animals/group as in Table I. fect. 
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