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Summary. Effects of melatonin, testosterone and the 
two hormones administered in parallel on ventral 
prostate were examined in the rats treated with estrogens 
in the first day of life. Thirty-nine-day long hormonal 
stimulation with melatonin, testosterone or the two 
hormones in parallel was started in rats aged 20, 28, 35 
or 45 days. A single dose of estrogens led to atrophy of 
ventral prostate when the animals reached maturity, 
which was associated with high LH levels and low 
testosterone levels in the serum. Melatonin accentuated 
estrogen-induced changes in prostate morphology of 
ventral prostate while initemporal administration of 
melatonin and testosterone led to a resultant effect of 
testosterone-induced stimulation and melatonin-induced 
inhibition. 
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lntroduction 

A single dose of estrogens, introduced to males in 
the first day of life leads to pronounced changes in 
structure and function of the reproductive system when 
the males reach mature age. The phenomenon results 
from estrogen-induced disarrangement in hypothalamic 
sexual centre function, responsible for synthesis and 
secretion of GnRH (Dalterio et al., 1985; Handa et al., 
1985). The hour «O» or the period just after delivery 
represents the most estrogen-sensitive stage in the rats 
(Corbier, 1985). As demonstrated in studies of our own, 
in adult male rats treated with a single dose of stilbestrol 
on the first day of life, spermatogenesis reaches the level 
of primary spermatocytes while Leydig cells become 
dedifferentiated. In the animals, serum testosterone level 
has been markedly lowered (Limanowski ,  1978; 
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Limanowski et al., 1990, 1994a). In such conditions 
prostate morphology demonstrates marked hypertrophy 
of connective tissue stroma as well as atrophy of 
glandular epithelium, paralleled by disappearance of its 
secretory functions (Limanowski et al., 1994a,b). 

Melatonin represents a hormone, the role of which in 
the organism remains to be clarified. For many years it 
has been thought to exert an anti-gonadotropic activity 
(Glass and Knotts, 1987; Masson-Pevet et al., 1986; 
Glass and Dolan, 1988). In certain experimental 
conditions, however, melatonin has been capable of 
exerting stimulatory effect on the hypothalamo- 
hypophyseal-gonadal axis (Reiter et al. ,  1978; 
Amador et a l . ,  1986; Lukaszyk, 1990). Studies by 
Withyschumnarukul et al. (1986) have demonstrated 
presence of receptors for melatonin in the prostate, 
which suggests direct effects of melatonin on the organ. 

Considering the above, we thought it purposeful to 
examine effects of melatonin, introduced at various 
times, on ventral prostate in the rat treated with a single 
dose of stilbestrol in the first day of life. 

Materials and methods 

The studies were conducted on male rats of Wistar 
strain, which were injected subcutaneously with a single 
dose of 1 mg Stilbestrol dipropionate (Polfa-Poland) in 
the first day of life. After 20, 28, 35 or 45 days, groups 
of the rats were treated for 39 days with daily s.c. 
injections at 5 0  ug melatonin (Sigma),  3 mg 
Testosterone propionate (Polfa-Poland) or  both 
hormones at the same doses. The controls consisted of 
intact rats and of estrogen-treated rats in the first day of 
life. Rats of al1 the groups were given free access to 
chow and water and were housed in standard 
illumination controls (14L: 10D). At the end of the 
experiment, each rat was weighed out and exsanguinated 
from the heart, under ether anaesthesia. In the serum, LH 
gonadotropin and testosterone levels were estimated by 
RIA techniques. The RIA tests were conducted in the 
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University of Medical Sciences in Poznan, using 1251- 
labelled antigens and antibodies of their own make. For 
histological studies, ventral prostate was isolated, 
weighed out and fixed in Bouin solution. The sections 
were stained with H+E. The data pertaining to body 
weight, relative weight of ventral prostate and levels of 
studied hormones were subjected to statistical analysis 
using Ducan's test. 

Results 

Results pertaining to body weight and relative 
weight of ventral prostate are listed in Table 1. Except of 
rats treated with estrogens in the first day of life and 
examined after 59 and 67 days,  body weights of 
experimental rate were always lower than in control rats, 
independently of the type of administered hormones or 
timing of their adrninistration. Melatonin-injected 
animals exhibited low body weight independently of the 
time of starting melatonin administration. 

In the rats given estrogens in the first day of life 
relative weight of the ventral prostate was always lower 
that in the corresponding control. Administration of 
melatonin to estrogenized rats further lowered relative 
weight of ventral prostate in animals of al1 examined 
groups. On the other hand, in estrogen treated rats, 
subsequently even testosterone at various times, relative 
weight of the ventral prostate resembled normal value 

Table 1. Body weight and relative weight of ventral prostate in control 
rats (C), estrogen-treated on the 1st day of life (E), and injected at 
different periods of time with melatonin or testosterone following 
estrogen treatment (EM and ET) or else with testosterone after injection 
of the two compounds (ETM). The results are the meaniSD. n=6. 

when testosterone was given beginning from days 20 or 
28 or was lower than in the control but still higher than 
in the rats given a single dose of estrogens only. when 
testosterone was started on days 35 or 45. Parallel 
administration of melatonin and of testosterone to rats 
given a single dose of estrogens in the first day of life 
increased relative weight of ventral prostate as compared 
to the norm, if the stimulation started at days 20 or 28. In 
the remaining age groups, the relative weight of the 
ventral prostate was markedly lower than in the controls. 
Nevertheless, it never reached such low values as those 
noted in rats treated with estrogens only at the 
corresponding age. The levels of studied hormones in 
the serum are listed in Table 2. Note the clearly 
augmented level of LH gonadotropin in al1 rats treated 
with estrogens in the first day of life, as compared to the 
control maintained also in rats treated subsequently with 
melatonin, testosterone or both hormones in parallel. In 
estrogen-treated rats, as well as in rats treated with 
estrogens and, subsequently, with melatonin, 
testosterone level was always lower than in the 
corresponding controls.  In animals  treated with 
testosterone or with melatonin plus testosterone, serum 
testosterone levels clearly exceeded control values. 

Histological pattern of the prostate in estrogen- 
treated rats documented airophy of glandular epithelium 
and hypertrophy of stromal connective tissue (Fig. 2). 
Administration of melatonin stimulated stromal 

Table 2. Serum level of LH and testosterone in control rats (C), 
estrogen-treated on the 1st day of life (E), and injected at different 
periods of time with melatonin or testosterone following estrogen 
treatment (EM and ET) or else with testosterone after injection of the 
two compounds (ETM). The results are the mean+SD. n=6. 

TE BEGlNNlNG EXPERIMENTAL BODY RELATIVE WEIGHT 
OF HORMONAL GROUP WEIGHT OF VENTRAL 
STIMULATIONI (Bw) (g) PROSTATE 

AUTOPSY (mg1100g BW) 
(days of life) 

TE BEGlNNlNG EXPERIMENTAL LH TESTOSTERONE 
OF HORMONAL GROUP (nglml) (nglml) 
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Differs from the control: *, p<0.05; ", p<0.01 Differs from the control: ', p<0.05; *', p<0.01 
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hypertrophy in such rats, particularly hypertrophy of 
smooth muscle cells (Fig. 3).  Administration of 
testosterone to rats given estrogens in the first day of life 
restored normal pattem of the ventral prostate (Fig. 4). 
Stimulation with testosterone and melatonin in parallel 
led to more pronounced stromal hypertrophy than in the 
normal control, and numerous intraepithelial cysts 
appeared in the glandular epithelium (Fig. 5).  For 
comparison, a normal pattem of the ventral prostate in 
the adult control rat is shown in Fig. 1. 

Discussion 

Most of the studied animals have demonstrated 
decreased body weight, independently of the type of 
hormones administered and timing of their application. 
The phenomenon may be explained on grounds of the 
experimental results of Jansson et al. (1985), who 
demonstrated sexual dimorphism of rat hypothalamus in 
GH-RH secretion. Indispensable in the first day of life of 
males, androgenic stimulation of hypothalamic nuclei 
establishes male type of GH-RH secretion. This results 
in greater body weight in males than in females. In our 
experiments a single injection of estrogens in the first 
day of life disturbed androgenic activity of Leydig cells, 
thus disturbing GH-RH secretion and causing lower 

Fig. 1. Ventral prostate of an adult control rat. H+E, x 200 

body weight in estrogen-treated rats, as compared to the 
control. Administration of melatonin to rats treated with 
estrogens in the first day of life has accentuated the 
decreased body weight which may indicate effect of the 
hormone on hypothalamic nuclei responsible for 
synthesis and secretion of GH-RH. 

The decreased body weight of the examined animals 
has been accompanied by markedly decreased weight of 
the ventral prostate in estrogen-treated rats (in 74- and 
84-day-old rats the weight was 12-fold lower than in 
appropriate controls). Similar results have been obtained 
by Dalterio et al. (1985) in mice treated in the first day 
of life with estrogens. In previous studies of our own 
(Limanowski, 1978), Leydig cells of rats treated in the 
first day of life with estrogens have been shown to 
undergo dedifferentiation toward fibroblast-like cells, 
which has been associated with low semm testosterone 
levels. This resulted in a markedly decreased relative 
weight of ventral prostate. Receptors for androgens and 
estrogens in the prostate are stimulated by the hormones 
and may participate in normal development of the organ 
(Ricciardelli et al., 1989). In the estrogen-treated rats the 
prostate exhibits a significant degree of atrophy in 
glandular epithelium and hypertrophy of stromal 
connective tissue and muscular tissue. Bartsch et al. 

Fig. 2. Ventral prostate of 59-day old rat injected on the 1st day of Iife 
with a single doce of 1 mg stilbestrol. Note hypertrophy of stromal 
connective tissue and atrophy of glandular epithelium. H+E, x 200 
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(1989) has shown in humans that hypertrophy of stromal 
connective tissue reflects estrogen-stimulated collagen 
type 1 and type 111 production by smooth muscle cells. 
According to Aumuller (1989) and Suzuki et al. (1992), 
hypertrophy of prostate stroma reflects a disarranged 
relation between testosterone and estrogens. A single 
dose of estrogens in the first day of life has undoubtedly 
resulted in disturbances in the relations. 

Administration of melatonin to estrogen treated rats 
has resulted in a further decrease in relative prostate 
weight, which in 84-day-old rats amounted to only 2% 
weight observed in control rats. Amador et al. (1986) 
have explained a decrease in relative weight of the 
prostate in hamsters treated with melatonin between the 
8th and 12th week of life by a decreased number of 
testicular receptors for LH which has been supposed to 
decrease testosterone secretion by Leydig cells. A 
similar result has been obtained by other authors after 
administering melatonin to anterior hypothalamus 
(Dowell and Lynch, 1987; Glass and Knotts, 1987). In 
microscopic studies, melatonin administered to rats 
treated with estrogens in the first day of life has resulted 

in a significant hypertrophy of stromal connective tissue 
and of smooth muscle cells and to atrophy of glandular 
epithelium. Chow and Pang (1 989) studied ultrastructure 
of Golgi apparatus, endoplasmic reticulum and secretory 
vacuoles in glandular epithelium of the prostate and 
other accessory sexual glands of melatonin-treated 
hamsters. The authors have shown that melatonin is 
capable of inducing atrophy of the organelle, inhibits 
secretory function of glandular epithelium and may even 
lead to necrosis of glandular cells, thus inhibiting 
function on the reproductive system. We have drawn a 
similar conclusion from our earlier studies (Limanowski 
et al., 1991). Attention should also be paid to results of 
Srivilai et al. (1989) who have related melatonin-induced 
alterations in the prostate to the dose of the hormone. 
Low doses (50 to 400 pg per day) and high doses (2000 
pg per day) have inhibited structure and function of the 
prostate, while average doses (800 pg per day) have 
exerted effect. The above quoted literature on the subject 
indicates that melatonin rnay exert direct effect on the 
prostate, mediated through prostate receptors for 
melatonin, described by Withyschumnarukul et al. 
(1986). 

Fig. 3. Ventral prostate of a rat injected on the 1st day of life with 
single dose of 1 mg stilbestrol and subsequently injected with melatonin 
between the 35th and 74th days of life. Note ongoing proliferation of Fig. 4. Ventral prostate of a rat injected on the 1st day of life with a 
stromal connective tissue and, in addition, of smooth muscle cells. single dose of 1 mg stilbestrol and subsequently injected with 
Alterations in glandular epithelium correspond to those described in Fig. testosterone between the 45th and 84th day of life. The microscopic 
2. H+E, x 200 pattern resembles that of the control. H+E, x 200 
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Fig. 5. Ventral prostate of a rat injected on the 1st day of life with a 
single doce of 1 mg stilbestrol and subsequently injected with 
testosterone plus rnelatonin between the 45th and 48th day of life. Note 
hypertrophy of glandular epitheliurn and presence of intraepithelial 
cysts, strornal hypertrophy more pronounced than in the normal control. 
H+E, x 200 

Testosterone administered to estrogen-treated 
animals restored normal structure and secretory function 
of the prostate. The stimulatory role of testosterone 
toward male accessory sexual glands has been 
recognized for a long time. Testosterone administered 
together with melatonin-stimulated prostate similarly to 
testosterone alone, but in the former case glandular 
epithelium exhibits hypertrophy and presence of 
intraepithelial cysts, accompanied by a certain degree of 
stromal tissue proliferation. In the experimental 
conditions, the stimulating role of testosterone is 
evident.  As far  as  LH gonadotropin levels in al1 
examined rats are concerned, high levels of the hormone 
are noted, as compared to the controls, particularly in 
animals injected with estrogens in the first day of life 
and untreated thereafter. The phenomenon reflects 
estrogen-induced injury to Leydig cells, leading to 
decreased testosterone levels in the serum. In such 
experimental conditions, the animals exemplify a type of 
«pharmacological castration)) (Limanowski et al., 
1994a). 

  he obtained results may be summed up as 

indicating that melatonin in the presented experimental 
system not only fails to stimulate rat prostate, but, on the 
contrary, accentuates the gland lesions induced by a 
single dose of estrogens given in the first day of life and, 
thus, is capable of inhibiting development and secretory 
function of the gland. 
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