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Summary-The pubertal increase in gonadotropins in the female rabbit was inhibited 
14-42-fold with Silastic implants of progesterone (P4) testosterone propionate (TP), estradiol 
benzoate (EB) or P4/EB placed subcutaneously on Day 24 of life. Rabbits with empty implants 
showed the normal prepubertal increase in circulating gonadotropins. By contrast, rabbits with 
implants of P4 only, had a 2-fold decrease in LH secretion when peak areas were compared. 
However, FSH secretion though slightly depressed was not significantly different from 
controls. The prepubertal increase in circulating gonadotropins was completely suppressed by 
implants of EB, TP and combined P4/EB. At 115-days-of-age, sexual receptivity and mating 
were absent in EB-treated animals and significantly suppressed in P4-treated ones when 
compared to controls, all of which mated. Mating was not completely inhibited in TP and 
combined P4/EB animals. Corpora lutea were found in all rabbits that mated. In the sexually 
non-receptive does, vaginal stimulation induced an LH surge in 2 of 15 animals. Ovarian 
weights and follicular development were significantly suppressed in rabbits with EB implants. 
Ovarian estradiol content was significantly increased in P4- and TP-treated rabbits. Maximum 
specific binding for [3H]naloxone was suppressed in the hypothalami of P4-treated rabbits. 
These results suggest that the prepubertal increase in circulating gonadotropins may have an 
essential role in the control of sexual maturation in the female rabbit. 

INTRODUCTION 

Previous studies from our laboratory indicated that 
there is a prepubertal increase in gonadotropin secre- 
tion around days 35-60 of life [l]. This increase in 
gonadotropins correlated very well with a corre- 
sponding increase in opiate binding in the hypothala- 
mus [2]. The female rabbit is able to mate, conceive 
and have a litter around lOO-days-of-age and at a 
weight of 3 kg [3-51. Whether the prepubertal in- 
crease in gonadotropins around day 35-60 has a role 
in sexual maturation is not known. To examine this 
question we have used the approach of inhibiting the 
prepubertal gonadotropin increase with implants of 
steroids and determining the sexual receptivity of the 
rabbits at about loo-days-of-age. In addition, we 
sought to determine whether chronic steroid treat- 
ment can influence opioid binding in prepuberty. 

MATERIALS AND METHODS 

New Zealand white rabbits were obtained from 
local breeders and kept in individual cages on a 12 h 
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light: 12 h dark schedule with food and water avail- 
able ad libitum. 

Female rabbits, 22 days post partum, were pur- 
chased. On Day 24 subcutaneous steroid implants 
were inserted under local anaestheisa. Dow Coming 
Silastic tubing (i.d. 0.078 in.) was used to give 2-cm 
implants. Steroids used to fill the tubing were estra- 
diol benzoate (EB), testosterone propionate (TP), or 
progesterone (P4). The implants were kept in 
3% BSA containing 0.1% sodium azide for at least 
24 h before insertion under the skin. Controls 
received empty tubing. 

Five groups of 6 females each were used to deter- 
mine the effects of chronic steroid treatment on 
gonadotropin profiles and sexual receptivity. The 
treatments were: control--empty implants, EB, P4, 
TP and combined P4/EB. After insertion of the 
implants blood samples were taken on a weekly basis 
until they were loddays-old and greater than 3 kg in 
weight, when they were checked for sexual receptivity 
with two or more proven bucks. If no mating oc- 
curred with 2 different bucks on two separate occa- 
sions vaginal stimulation was performed with a glass 
rod. Blood samples were taken prior to exposure to 
males and 1.5 h after coitus or vaginal stimulation. 
Animals were killed 24-72 h after mating or vaginal 
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stimulation, uteri weighed and one ovary fixed for 
histological examination. The other ovary was frozen 
for steroid determinations. The histological presence 
of corpora lutea combined with an elevated LH level 
90min after coitus or vaginal stimulation were the 
criteria used for sexual maturation. 

Radioimmunoassays 

LH and FSH were measured by the double anti- 
body radioimmunoassay technique previously de- 
scribed [6,7]. The LH standard was WP 360A (Dr A. 
F. Parlow), 1 ng of which was equivalent to 30 pg 
pure rabbit pituitary LH (EX 130 GB, Dr H. 
Papkoff). All LH results are expressed in terms of this 
pure standard. The first antibody was guinea-pig 
anti-rabbit LH, 7F GP 1 LH (Dr R. J. Scaramuzzi). 
The antigen used was LER-1056-C2 (Dr L. E. 
Reichert, Jr). The sensitivity of the assay was 42 pg 
with intra- and inter-assay coefficients of variation of 
4.8 and 18% respectively. 

Reagents for the assay of FSH were provided by 
Dr A. F. Parlow. The antigen AFP-9688-C was used 
for iodination and standards. The antibody, AFP4- 
7-21-76, was prepared in guinea-pigs. The sensitivity 
of the assay was 80pg with intra- and inter-assay 
coefficients of variation of 13.2 and 21% respectively. 

The radioimmunoassay for progesterone, testo- 
sterone and estradiol was the same as previously 
described [8]. 

Analysis 

Results were subjected to one-way analysis of 
variance or f-test as appropriate. A P-level of 0.05 
was considered significant. LH and FSH levels during 
development were also subjected to another type of 
analysis. The concentrations for each animal was 
plotted on grid paper and the areas under the curves 
computed with the Bioquant digitizing morphometric 
system [9]. The mean areas for each group were then 
compared. The results of the mating experiments 
were subjected to Chi-square analysis using the “Stats 
Plus” (Human Systems Dynamics, Northridge, 
Calif,) program for the Apple IIe. 

The Bioquant System was also used to perform 
morphological analyses of the histological sections as 
described by Jarrell et a1.[9]. Every fifth section was 
analyzed and only follicles with an oocyte were 
counted. Seven ovarian features were quantitated- 
follicles with granulosa cell layers of 2-3 cells, 
4-6 cells, >6 cells; antral follicles, atretic follicles, 
corpora lutea, and anovulatory corpora lutea. 

In another series of experiments, opioid binding in 
the hypothalamus was determined by the method 
described by Wilkinson and YoungLai[Z]. Four series 
of experiments were performed. Implants of EB, P4 
and diethystilbestrol (DES) were placed on Day 23. 
Animals were killed between 3847 days and the 
hypothalami examined for [3H]naloxone binding. The 
means of each series of experiments were then pooled 
and analyzed for differences among treatment groups. 

RESULTS 

Figure 1 shows the mean peripheral levels of LH 
and FSH in female rabbits bearing steroid implants, 
All steroid treatments effectively prevented the prepu- 
bertal increase in LH as seen when the LH areas for 
the period day 2472 were analyzed (Table 1). On the 
other hand, FSH levels were not significantly sup- 
pressed by P4 but by EB, TP and P4/EB. In spite of 
the increases shown in the LH levels in the control 
animals analysis of variance indicated that there were 
no significant differences among the means within 
this group. However, LH levels within the P4-treated 
group were significantly different. 

The results of testing for sexual receptivity are 
shown in Table 2. 

One animal from each group was removed from 
analysis because of loss of implant or unexplained 
spinal injury. Both EB and P4 separately prevented 
coitus. None of the EB-treated group mated and 
vaginal stimulation failed to cause an increase in LH. 
Histological examination of the ovaries of EB-treated 
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Fig. 1. Plasma (a) LH and (b) FSH in female rabbits bearing 
steroid implants. Solid circles = empty implants; open 
circles = progesterone; solid squares = estradiol benzoate; 
open squares = estradiol benzoate and progesterone; open 

triangles = testosterone propionate. 



Sexual maturation in female rabbits 417 

Table 1. Comparison of areas under peak LH and FSH 
values for rabbits with steroid implants (n = 5) 

mean + SEM 

LH area (ad) FSH area (cm’) 

Controls 12.68 + 4.82a 28.6 f 6.04’ 
P4 6.19 f 1.57, 21.95 k 8.90’ 
EB 0.74 + 0.42’ 2.16 + 0.48b 
P4/EB 
TP 

0.38 z 0.2? 2.37 : 0.30b 
0.30 * O.lC 2.42 f 0.2Sb 

Values with the same superscript are not significantly 
different. Areas under peak LH and FSH values 
from Day 24-72 were computed with a Bioquant 
Digitizing morphometric system. 

rabbits showed that folhcular development was re- 
tarded with preantral follicles dominating and very 
few antral follicles. Call-Exner bodies were frequently 
seen in the follicles. 

Of the five rabbits in the P4-treated group, one 
successfully mated, had a post-coital LH level of 
52ng/ml and 3 corpora lutea in one ovary. The 
remaining four animals were vaginally stimulated and 
one of these had a post-stimulation LH level of 
12.6 ng/ml and 2 corpora lutea in one ovary. Ovaries 
from the other 3 rabbits had numerous cystic follicles. 
The two animals that mated in the P4/EB group, had 
LH values 90 min after mating, of 1 ng/ml compared 
to the controls which were 26.4 Ifr 4.3 ng/ml. No 
corpora lutea were found in the ovaries of these two 
rabbits. The other 3 rabbits were vaginally stimulated 
but no increase in LH could be elicited. Antral 
follicles were found in one ovary. The other ovaries 
had anovulatory corpora albicans, well developed 
nests of interstitial tissue and follicles which had more 
than four layers of granulosa cells. 

In the TP group all the recovered Silastic tubings 
were empty, indicating that all the steroid had 
diffused out. Two does mated and had 90 min LH 
levels of 5.6 and 3 ng/ml but only one had fresh 
corpora lutea in its ovary. The ovary of the other 
rabbit that mated had many cystic follicles. The 
remaining rabbits were vaginally stimulated and one 
of these had an LH level of 29 ng/ml and 4 corpora 
lutea were present in its ovary the day after. A 
number of ovaries showed evidence of intraovarian 
follicular rupture. A similar finding was discovered in 
2 ovaries of rabbits with EB implants. 

The weights of the uteri and ovaries compared to 
body weights are shown in Table 3. The body weights 
of the combined P4/EB-treated group were signifi- 
cantly different from those of controls. Uterine 
weights of the TP group were significantly suppressed 

Table 2. Mating response of female rabbits on 
Day 113-117 after having steroid implants on 

Day 24 

Implant Mated Not mated P 

Empty 5 0 - 

EB 0 5 0.002 
P4 I 4 0.009 
P4/EB 2 3 0.164 
TP 3 2 0.435 

Results were analyzed by Chi-square. Responses 
to vaginal stimulation are not included in 
the mating responses. 

and the overies of all steroid treated animals were 
significantly decreased. Ovarian estradiol was ele- 
vated in P4 and TP groups. 

Peripheral steroid levels are shown in Table 4. 
Progesterone levels were significantly increased in the 
P4 and TP groups while estradiol was increased in the 
TP group. 

The results of the morphometric analysis of the 
ovaries are shown in Table 5. A significant decrease 
in the number of follicles having 46 layers of gran- 
ulosa cells was observed in the EB. No corpora lutea 
were found in rabbits with implants of EB. 

Opioid binding was depressed in hypothalami of 
PCtreated rabbits (Table 6). There was a slight 
decrease in naloxone binding in EB-treated rabbits 
but this was not as significant as in the DES treated 
rabbits. There was no significant difference in the 
dissociation constant for all treatment groups. 

DISCUSSION 

The results of the present study indicate that the 
chronic administration of ovarian steroids to female 
rabbits can cause a developmental delay in sexual 
maturation. At the time of testing for sexual receptiv- 
ity all does were greater than 3 kg and older than 100 
days, two criteria previously used for sexual matura- 
tion [3,4]. The mechanism for this delay appears to 
be due to suppression of the prepubertal increase in 
gonadotropins, particularly LH. Chronic exposure to 
P4 resulted in a significant suppression of LH while 
not altering FSH secretion. Only one rabbit mated in 
the PCtreated group suggesting that the unaltered 
FSH secretory pattern may not have a major role in 
regulating sexual receptivity whereas the suppressed 
LH may have. Further support for this notion is seen 
in the mating behaviour of the TP and combined 
P4/EB groups where both LH and FSH secretion 

Table 3. Uterine and body weights of female rabbits 24-48 h after mating or cervical stimulation on 
Days I 13-l I7 after having steroid implants on Day 24 

Body wt Uterine wt Ovarian wt Estradiol 
Implant (kg) (g) (me) (pglmg protein) 

Empty 3.47 * 0.06 11.92* 1.38 195 f 23 I .26 + 0.30 
EB 3.54 f 0.13 16.28 f 4.67 42 + 5** 2.75 * 0.28 
P4 3.38 f 0.1 I 8.26 f 3.38 147 f 16* 3.74 f 0.86’ 
P4/EB 3.80 f 0.11’ 13.39 f 2.85 13 + 18. 2.85 +_ 0.30 
TP 3.56 f 0.25 6.06 f 1.32.. 105 f 5’ 3.67 f 0.67. 

*P < 0.05, *‘P < 0.005 compared to controls. 
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Table 4. Steroid levels prior to mating or vaginal stimulation 

Progesterone Testosterone Estradiol 

(pg/ml) (pg/ml) (pg/ml) 

Empty 557 f 49 125k21 52 + II 
EB 556 k 100 93 & 5 58 f 3 
P4 1062 + 2236 122*33 5oi I2 
P4/EB 563 k 89 1142 17 48 i 5 
TP 734 * 70” 172k48 l58i53” 

For peripheral steroid levels between groups, values with the 
same superscript are not significantly different from each other 
(Duncan’s multiple range test). 

Table 6. Specific bindmg of [‘Hlnaloxone to hypothalamx 
slices of 3847-day-old female rabbits bearing steroid im- 

plants from Day 23. (n = 4) 

Steroid treated B “Id% ‘G 

Control 
(empty implants) 2086 i 190 2.71 i- 0.43 

EB I.571 + 157 3.65 + I.17 
P4 I I23 k 273; I .79 f 0.09 
DES II56 k 102. I .62 _t 0.26 

For B,,x there was a significant interaction between the 
groups (P =O.Ol, ANOVA); ‘P co.05 compared to 
controls. There was no significant difference among the 
treatment groups for Kd (ANOVA). 

were suppressed but some matings still occurred. 
These latter results would suggest that the prepuber- 
tal increase in both gonadotropins between days 
35-60 may be necessary for sexual receptivity at an 
age greater than 100 days. However, it is difficult to 
dissociate the direct effects of steroids on mating 
behaviour and their effects on the suppression of 
gonadotropin release. Previous studies have indicated 
that testosterone and combined P4/EB can elicit 
sexual receptivity in ovariectomized rabbits [lo, 111. 
It is, therefore, possible that the matings seen are 
direct effects of steroids. The absence and small 
number of corpora lutea found in these mated rabbits 
support this interpretation. 

reflecting an apparent diminished stimulation by 
gonadotropins. Although there was a general increase 
in ovarian estradiol this was only significant in the 
P4- and TP-treated animals. Androgens have been 
shown to increase ovarian estradiol and progesterone 
formation [12-141. Increased circulating levels of 
progesterone and estradiol in TP implanted rabbits 
confirm the findings in the ovaries. These data, 
therefore, provide additional support for the role of 
testosterone in stimulating estrogen and progesterone 
synthesis. These products can further act to suppress 
gonadotropin release from the pituitary. 

Preferential suppression of the prepubertal increase 
in LH without a significant effect on FSH secretion 
with progesterone implant is also a very interesting 
finding. It is not known what role, if any, ovarian 
inhibin has on prepubertal gondotropin levels. How- 
ever, the fact that EB, TP and EB/P4 suppressed FSH 
to undetectable levels, indicates that inhibin may not 
be an important factor at this age. Since sexual 
receptivity i.e. mating was significantly suppressed in 
this group it can be concluded that FSH is not 
required for sexual receptivity. Although ovarian 
weight was suppressed in these animals (Table 3) 
folhcular development was similar to controls (Table 
5) but a 43% increase in antral follicles was found in 
the progesterone group indicating that FSH was 
effective. 

The effect of the steroid implants could also be seen 
at the various target organs. The combined P4/EB 
treatment significantly increased body weight of all 
steroid-treated animals over controls. Uterine weight 
was suppressed in TP-treated animals. Ovarian 
weights of all steroid-treated animals were suppressed 

Suppression of circulating gonadotropins by EB 
and P4/EB implants along with prevention of sexual 
receptivity in the EB-treated group may be due to 
effects on hypothalamic neurocircuitry. There are 
numerous reports in the literature which suggest that 
estrogens produce changes in the hypothalamic 
wiring pattern [15-191. As a consequence of decreased 
gonadotropins development and maturation of 
ovarian follicles are prevented. Evidence for a change 
in the hypothalamus is seen in the binding of nalox- 
one an opioid antagonist, which is suppressed in 
chronic steroid treatment (Table 6). Estradiol can 
cause irreparable damage to the arcuate nucleus of 
female rats [20]. However, chronic estradiol treat- 
ment has been found to enhance opioid binding in the 
female rat hypothalamus [21]. It would, therefore, 
appear that opioid tone in the female rabbit brain is 
decreased by exogenous steroids. 

As far as we are aware there are no previous 
reports on the delay of sexual maturation with 
chronic steroid treatment in rodents. A recent report 
in sheep indicates that puberty in lambs can be 
delayed by chronic treatment with estradiol[22]. 

Table 5. Morphological analysis of ovaries from female rabbits treated with steroid implants from Day 22 

Follicles 

Treatment 2-3 cells 4-6 cells > 6 cells Antral 
Anovulatory 

Atretic CL CL 

Control 353 f I I2 126k40 l5i8 74 f I 41.2 i II.5 8.5 k 2.3 9.5 * 4.4 
EB 266 k 39 59_+ I5 IOk4 37_+6 24 + 9 0 16.7 k 8.7 
P4 357 f 86 170+ I9 II +2 106 f 6 21.2 + 0.5 1.2 f 1.2 32.2 & 2.7 
P4/EB 315i29 85 + I4 9*1 52fll 11.7+4.1 0 18.2 k 5.7 
TP 289 + 69 159*40 l5_+5 87i IO 14.5 f 2.6 3.2 f I.8 23.5 + 3.0 

CL = corpora lutea. 4-6 cells P < 0.02. ANOVA; P4 > P4/EB > EB and TP > EB (Duncan’s multiple range). CL 
P < 0.001. ANOVA; control > TP > P4/EB z- EB (Duncan’s multiple range). For atretic follicles, the TP and 
P4/EB groups were significantly fewer than controls. Anovulatory CL were significantly higher in P4 rabbits 
than in controls. For antral follicles, the number in ovaries from W-treated rabbits was greater than those 
in controls, combined P4/EB and EB. Antral follicles in EB-treated rabbits were significantly suppressed 
compared to all other treatment groups except the combined P4/EB. 
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Direct effects of chronic steroid treatment on the 
ovary cannot be completely ruled out since ovarian 
effect have been observed in the intact [12] as well as 
the hypophysectomized rat 1231. However, there are 
no available data on the effects of steroid treatment 
on the prepubertal increase in gonadotropins and 
subsequent follicular development or sexual receptiv- 
ity. Morphometric analysis of serial sections of 
ovaries indicated that EB treatment had a dramatic 
effect in preventing further development of ovarian 
follicles. A direct ovarian effect is suggested by the 
similar inhibition of gonadotropin release in all the 
steroid treated rabbits except for the PCtreated ani- 
mals. Further support for a direct ovarian effect is 
seen in the ovaries of TP-treated rabbits. A number 
of these had evidence of intraovarian follicular rup- 
ture. The consequences of all these ovarian activity 
would be a lack of follicular development to a stage 
which can be induced to ovulate or to prime the 
hypothalamus for lordosis induction. 

In summary, our data suggest that the chronic 
treatment of juvenile rabbits with ovarian steroids 
can cause a developmental delay in sexual maturation 
and receptivity. 
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