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The ovaries and the uterine as well as vaginal mucous membranes of 80-,

180- and 365-day-old intact female rats and females neonatally treated with a sin-

gle dose of oestrogen and repeated doses of human chorionic gonadotropin (hCG)

were studied. Numerous follicles, interstitial cells and corpora lutea (CL) were

present on the ovary of intact females from 80 up to 365 days of age. The number

of primary and secondary follicles decreased in the intact female rats between Day

180 and Day 365 of life. On the ovaries of 180- and 365-day-old female rats neo-

natally treated with oestrogen, interstitial glandular cells and cystic follicles pre-

dominated. No CL were present on these ovaries. The height of epithelial cells of

the uterine and vaginal mucous membranes increased in intact female rats from 80

to 365 days of age, whereas in oestrogen-treated females the height of epithelium

decreased. From 80 up to 365 days of age, the height of epithelial cells of uterine

and vaginal mucous membranes of rats neonatally treated with repeated doses of

hCG was similar to that in the corresponding control animals.
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The progressive decline of regular oestrous cycles and ovulatory functions with

advancing age in female rats has been well documented in previous studies (Pantic and

Lovren, 1981; Ennis and Davies, 1982; Nass et al., 1984). In female rats and mice, neo-

natal oestrogen treatment induces changes in the reproductive tract that may persist

throughout the animal�s life (Pantic, 1981). These changes include a persistent rather

than cyclic oestrus. During persistent oestrus, circulating oestradiol is present from

many large ovarian follicles, but the luteinizing hormone surge mechanism is inhibited

and ovulation does not occur (Leung, 1978; Pantic and Lovren, 1981).

Studies on abnormalities of the reproductive tract indicate that oestrogens

have inhibitory effects on ovarian steroidogenesis (Groen-Clevant, 1981; Wada et al.,

1984). The uterus and vagina are also dependent on the effect of hormones adminis-

tered to neonates (Ennis and Davies, 1982; Keys and King, 1989).

In this paper, attention is focused on the ovarian follicles and interstitial

tissue and on the properties of uterus and vagina in adult rats neonatally treated

with oestrogen and human chorionic gonadotropin (hCG).
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Materials and methods

Sixty female Wistar rats divided into three groups were used. The first

group, of 18 females, received 1 mg oestradiol dipropionate on the third day of

life, and the animals were killed painlessly on Days 80, 180 or 365 of life. To the

second group of twelve females, 50 IU hCG was injected on the third and sixth day

of life, and these animals were sacrificed at the age of 38 and 90 days. The third

group of 30 rats included intact females. Ovaries, uteri and vaginae were isolated,

fixed in Bouin�s solution, stained with haematoxylin-eosin, and examined by light

microscopy. Statistical analysis was done by Student�s t-test.

Results and discussion

The ovarian mass of control rats decreased from 144.6 mg on Day 80 to

100.1 mg on Day 365. In animals neonatally treated with oestrogen, ovarian

mass on Days 80 and 180 was significantly lower than in the corresponding

controls (by 45% and 54.1%, respectively).

Several primary, secondary and Graafian follicles and corpora lutea (CL) were

present on the ovaries of 80-day-old female rats (Fig. 1a). The interstitial glandular

cells were grouped in islets of 110 × 320 µm in diameter. From 180 to 365 days of

age, CL and interstitial glandular cells were present on the ovary of intact female rats.

On these ovaries primary follicles were rare and scattered between interstitial glan-

dular cells. There were 13.6 secondary follicles and 12 CL per section. At 80 days of

age, the number of growing antral follicles was reduced on the ovary female rats

neonatally treated with oestrogen. In the largest antral follicles 254 × 232 µm in di-

ameter, degenerative changes were expressed in the granulosa and theca cells. The

thickness of theca folliculi of the antral follicles was half that found in the corre-

sponding controls. The preovulatory follicles were cystoid or even cystic (Fig. 1b).

The interstitial glands occupied most of the ovarian cortex. Their size and shape were

irregular. In rats of 180 and 365 days of age, neonatally treated with oestrogen, the

number of secondary follicles was significantly decreased. On the ovary of 180-day-

old females some of largest secondary follicles had more than 22 layers without a

clear tendency for antrum formation (Fig. 2a). Pituitary gonadotropin has an impor-

tant role in the maturation of secondary follicles in intact female rats (Arakawa et al.,

1989). Thus, follicular development was retarded in mice treated with pituitary anti-

gonadotropin for seven days at birth (Lunenfeld, 1969). Oestrogen administered neo-

natally to rats and mice has an inhibitory effect on ovarian responsiveness to go-

nadotropins (Leung et al., 1978; Pantic, 1981; Pantic and Lovren, 1981).
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Fig. 1a. Corpora lutea and maturating follicles in the ovaries of 80-day-old female rats

Fig. 1b. Cystoid preovulatory follicles in the ovary of 80-day-old female rats neonatally treated

with oestrogen

The ovary of 365-day-old females neonatally treated with oestrogen contained

predominantly interstitial glands and cystic follicles (Fig. 2b). Several papers demon-

strated that the alteration of granulosa cells and thecal layer resulted in transforma-

tion of the preovulatory follicles into ovarian cysts and in increasing of the interstitial
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glands (Guraya, 1978; Pantic and Lovren, 1981; Adams, 1986). The interstitial

glands were grouped in lobate form and distributed from the tunica albuginea to-

wards the medulla. CL were not formed in rats neonatally treated with oestrogen.

Fig. 2a. Secondary follicles and interstitial glands in the ovary of 180-day-old female rats neona-

tally treated with oestrogen

Fig. 2b. Interstitial glands and cystic follicles in the ovary of 365-day-old females neonatally

treated with oestrogen
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By 80 days of age all layers of the uterus had developed. The height of

epithelial cells of the uterine mucous membrane averaged 19.00 µm. The

epithelial cells were highly prismatic. The uterine mucous membranes of the 80-

and 365-day-old rats grew in thickness to 22.4 and 24.9 µm, respectively. In 80-

day-old females neonatally treated with oestrogen, the uterine epithelium was

lower prismatic and totalled 21.7 µm in height; however, it was 1.1 times higher

than that of the corresponding controls. The uterine glands were evident in the

mucous membranes. The uterine epithelium of 180- and 365-day-old females

neonatally treated with oestrogen was lower prismatic and totalled 12.5 and

10.1 µm in height. It was 1.8 and 2.4 times lower than that of the controls.

Several references in the literature indicated that uterine development is

dependent on the dose of the oestradiol. Thus, a physiological dose of oestrogen

in women resulted in proliferation and hyperaemia of the uterine stroma and

glands (Hellweg, 1980). Long-term oestrogen treatment of female rats resulted in

uterine atrophy (Egger and Kindermann, 1980). The circular layer of the myometrium

was reduced and disorganised in these animals (Brody and Cunha, 1989).

The thickness of the vaginal mucous membrane on days 80, 180 and 365

was increased from 50.3 µm to 61.2 µm. The epithelium was 1.1 times higher

than in the corresponding controls. However, at 180 and 365 days of age the

vaginal epithelium of oestrogen-treated females was 1.5 times lower than that of

the controls. In the same females a mucoid degeneration of the vaginal epithe-

lium was evident (Fig. 3a).

Fig. 3a. Mucoid degeneration in the vaginal epithelium of 365-day-old female rats treated neona-

tally with oestrogen
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A single injection of oestradiol valerate causes a rapid onset of persistent

vaginal cornification in adult cycling female rats (Brawer et al., 1978) and mice

(Takasugi, 1979; Forsberg and Kalland, 1981). In rats treated neonatally with di-

ethylstilboestrol (DES), Ennis and Davies (1982) reported squamous metaplasia

of the uterine epithelium. Intrauterine DES exposure resulted in non-neoplastic

alteration of the uterine cervix and vagina (Robboy et al., 1977) or adenocarci-

noma of these organs (Herbst et al., 1979).

The difference between hCG-treated and control female rats in the height

of uterine and vaginal epithelium was not significant. The height of uterine epi-

thelium totalled 163.0 µm and that of vaginal epithelium 62.0 µm in the rats

neonatally treated with repeated doses of hCG. hCG is very similar to LH but

different from the latter mainly in the b-subunit (Hartree et al., 1971; Carlsen et

al., 1973). Binding of hCG depends on the values of endogenous LH. The high-

est hCG binding was observed in the ovaries of adult female rats in dioestrus,

when the concentration of LH was low (Siebers et al., 1977).
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