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Abstract

The purpose of this study was to investigate the e�ects of prenatal melatonin administration on the sensitivity of the
androgens negative feedback e�ect on gonadotropin and prolactin secretion in male o�spring. Male o�spring of control

(control-o�spring) and melatonin treated (MEL-treated) (150 mg/100 g BW) mother rats during pregnancy (MEL-o�spring), at
infantile, prepubertal, and pubertal periods were studied. LH secretion in response to testosterone propionate (TP) in control-
o�spring showed the classical negative feedback e�ect at all ages studied. In MEL-o�spring a negative response after TP was
also observed in all ages studied although the magnitude of this response was altered in this group as compared to controls.

FSH values were signi®cantly lower at most ages and time points studied in MEL-o�spring than in control-o�spring. FSH
secretion in MEL-o�spring showed a delayed negative feedback action of TP injection as compared to control-o�spring. This
response was observed at 21 days of age in control-o�spring and delayed until day 30 of life in MEL-o�spring. Parallely it

remain at later age in MEL-o�spring than in control-o�spring. Prolactin secretion in control-o�spring showed increased values
after TP injections from infantile to pubertal periods. This increase was blunted in MEL-o�spring at 17 and 35 days of age
showing signi®cantly reduced �p < 0:01; p < 0:05� plasma prolactin levels. During pubertal period a prolactin positive response

to TP administration was observed in MEL-o�spring but with signi®cantly lower magnitude than in control-o�spring. These
results indicate that prenatal melatonin exposure induced changes in the sensitivity of gonadotropin and prolactin feedback
response to testosterone, indicating a delayed sexual maturation of the neuroendocrine-reproductive axis in male

o�spring. 7 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

It is well established that the interaction of testicular
androgens with the hypothalamus shortly after birth in
male rats is the mechanism that leads to the tonic type
of hypothalamic control of gonadotropin secretion [1].
Gonadotropin secretion in prepubertal male rats has
been shown to be maintained at low levels by a central
restraining mechanisms extremely sensitive to gonadal
steroid feedback [2,3]. At puberty sensitivity to gona-
dal steroid negative feedback declines sharply [3]. The

modi®cation in the sensitivity of the negative feedback
e�ect of gonadal steroids on gonadotropin secretion is
one of the principal events involved in the onset of
puberty [4]. Much less testosterone is needed to sup-
press LH levels in prepubertal than in pubertal or
adult males which re¯ect a ``shift'' at puberty in the re-
sponse of gonadotropins to androgens. At normal
puberty in male rats there is no clear change in plasma
LH levels [5]. On the other hand, changes in prolactin
levels are able to modify the sensitivity of the negative
feedback e�ect of gonadal steroids on gonadotropin
secretion [6], and in¯uence the onset of puberty in
female rats [7]. The di�erent e�ects of prolactin on
hypothalamic structures depend on the developmental
status of these structures [8]. The serotoninergic system
involved in prolactin release is stimulated by testoster-
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one during the prepubertal stage, but not in peripuber-
tal or adult rats. This could be a regulatory mechanism
operating during the pubertal stage, which modi®es
the sensitivity of the gonadostat to the negative feed-
back e�ect of testosterone and thus, could be related
to the di�erent physiological process involved in the
onset of puberty. This suggests an additional partici-
pation of testosterone in the neuroendocrine mechan-
isms involved in sexual maturation [9].

Pineal gland may exert a modulatory action in the
onset of puberty through changes in melatonin pro-
duction [10,11]. Melatonin may cross placental barrier
[12], therefore, maternal melatonin may a�ect the post-
natal sexual and somatic development of the o�spring.
We previously found that melatonin treatment to
mother rats can act on fetal development and in¯uence
the postnatal ontogeny of the hormones involved in
the neuroendocrine-reproductive axis in developing
rats [13]. In addition, it was demonstrated [14] that ex-
ogenous melatonin given to pregnant female Siberian
hamsters at particular times of the day a�ects the post-
natal testicular development of the prepubertal male
o�spring. In this way, it was demonstrated that the
photoperiodic information received prior to birth in¯u-
ence testicular development between days 15 and 28 in
Syrian hamsters kept under constant light [15]. From
these data, it is assumed that maternal melatonin med-
iate the e�ects of prenatal photoperiods on develop-
ment of fetal neuroendocrine system regulating
postnatal reproductive development [14].

The purpose of this investigation was to examine the
role of prenatal melatonin administration on the shift
in the steroid feedback process of gonadotropin and
prolactin response throughout sexual development of
male o�spring.

2. Material and methods

2.1. Animals

Female Wistar rats from our colony and weighing
240±280 g at the beginning of the experiment were
used as mother rats. Animals were housed under 12-h
light/dark cycles (lights on at 08.00 am), at a room
temperature of approximately 238C. Standard rat
chow and tap water were available ad libitum. Mother
rats were divided into two groups: control �N � 48�
and melatonin-treated �N � 30), mating pairs were
held in polypropylene cages, one male with two
females. Possible pregnancy was monitored by the pre-
sence of vaginal spermatozoa.

2.2. Melatonin treatment

Based on previous ®ndings [12] in which 20 mCi of

3H-acetyl-melatonin was administrated to pregnant
rats, and that each fetus contained slightly more than
0.1% (20 nCi), of the injection dose, the dose of mela-
tonin chose in the present investigation was 150 mg
MEL/100 g BW. MEL (Sigma) was dissolved in a
small volume of absolute ethanol and then diluted in
0.9% NaCl. Melatonin injections were given sc. at the
end of the light phase, and daily throughout gestation.
Control mother rats received ethanol/saline alone.

2.3. O�spring studies

In order to obtain uniformity in the development of
the pups, on the day of birth each litter was adjusted
to 12 pups per dam by cross-fostering some pups from
larger litters within treatment groups. Pups remained
with the mother until weaning on day 21 (birth = day
0). To study male o�spring of control mother rats
(Control-o�spring) and of MEL-treated mother rats
(MEL-o�spring), we followed the classi®cation pro-
posed by Ojeda [16] concerning postnatal maturation:
(a) Infantile period, between 8 and 21 days, animals
were studied at 17 (Control n � 15; MEL n � 14� and
21 days of age (Control n � 16; MEL n � 16); (b) Ju-
venile or prepubertal period, extends from 21 to day
35; animals were studied at 30 (Control n � 17; MEL
n � 18), and 35 (Control n � 15; MEL n � 18� days of
age; (c) Pubertal period, extends from day 35 to days
55±60, animals being examined at 40 (Control n � 16;
MEL n � 17� and 60 (Control n � 9; MEL n � 12�
days of age.

2.4. Testosterone propionate test

All male o�spring received a single dose of testoster-
one propionate (TP) at the mentioned ages. TP
(Sigma) was dissolved in polyethylene glycol and
injected at a dose of 100 mg/100 g BW, by s.c. injection
contained in approximately 0.2 ml of the solution.
Blood samples were obtained by jugular venipuncture
under slight ether anesthesia. Afterwards animals
recovered rapidly, 1 ml of blood was taken each time
point from the same animal. Blood lost was not sup-
plemented, because the extractions were carried out
with su�cient time interval to allows the animal's
recuperation. Basal samples were taken at 10 am and
blood samples 8, and 24 h after TP administration
were also obtained. Samples were immediately centri-
fuged at 48C and the plasma was separated and kept
frozen at ÿ208C until analyzed.

2.5. Hormonal determinations

Plasma LH, FSH and prolactin levels were measured
by speci®c double antibody-RIA systems employing
materials kindly furnished by the National Institute of
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Fig. 1. Plasma LH response to testosterone propionate (100 mg/100 g BW) administration on 17-, 21-, 30-, 35-, 40-, and 60-day old male o�spring

of control and melatonin-treated (150 mg/100 g BW) mother rats. Control �n � 8±15); MEL �n � 5±18). Values are expressed as the mean2
SEM. �p < 0:01 vs. Control group; ��p < 0.05 vs. Control group. Longitudinal study: Basal value vs. post TP injection: 17 days, Control-o�-

spring: (a) p < 0:01 vs. 24 h, (b) p < 0:05 vs. 8 h; MEL-o�spring: (a) p < 0:01 vs. 8 h. 21 days, Control-o�spring: (a) p < 0:01 vs. 8 and 24 h;

MEL-o�spring: (a) p < 0:01 vs. 24 h, (b) p < 0:05 vs. 8 h. 30 days, Control-o�spring: (a) p < 0:01 vs. 8 h, (b) p < 0:05 vs. 24 h; MEL-o�spring:

(a) p < 0:01 vs. 8 and 24 h. 35 days, Control-o�spring: (b) p < 0:05 vs. 8 h; MEL-o�spring: (a) p < 0:01 vs. 8 and 24 h. 40 days, Control-o�-

spring: (a) p < 0:01 vs. 8 h; MEL-o�spring: (a) p < 0:01 vs. 24 h. 60 days, (a) p < 0:01 vs. 8 and 24 h; MEL-o�spring: (a) p < 0:01 vs. 8 h, (b)

p < 0:05 vs. 24 h.
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Health (NIADDK, Bethesda, MD), and previously
validated in our laboratory. Values of LH concen-
trations were expressed as pg/ml in terms of NIADDK
rat LH-PR-3 (AFP, 71 87B). The sensitivity of the
assay was 20 pg/ml. The ®nal dilution of anti-rat LH-
S-11 (AFP-C697071P) was 1:100,000. Values of FSH
were expressed in ng/ml of FSH-RP-2, the sensitivity
of the assay being 95 pg/ml. The ®nal dilution of anti-
rat FSH-S-11 (AFP-CO 972 881) was 1:75,000. Values
of prolactin were expressed in pg/ml of rat prolactin
RP-3, the sensitivity of the assay being 40 pg/ml. The
®nal dilution of anti-rat prolactin-S-9 was 1:5000. All
samples were measured in the same assay in order to
avoid interassay variation.

2.6. Statistical analysis

Statistical analysis was performed using the SIGMA
Statistical program (Copyright Horus Hardware,
1986). Results were expressed as mean2 SEM. Com-
parisons between both groups of all data of gonado-
tropins and prolactin concentrations at all ages studied
were determined by one-way analysis of variance
(ANOVA). Mann±Whitney test for those cases with
borderline signi®cance value was used. Direct compari-
son between basal and post-TP injection was made in
each group by Student's T-test. Di�erences between
both groups were noted by �: p < 0:01; p < 0:05:
Di�erences in feedback mechanisms, time-dependent
were noted by (a) p < 0:01 and (b) p < 0:05:

3. Results

Basal LH values and feedback mechanism to PT
(Fig. 1). From 17 to 60 days of age basal LH values
were only a�ected by maternal melatonin at 30 days of
age, showing signi®cantly reduced �p < 0:01� values as
compared to control-o�spring.

3.1. LH feedback mechanism

At 17 days of age, in control-o�spring signi®cantly
reduced �p < 0:05; p < 0:01� LH values were found 8
and 24 h after TP injection. In MEL-o�spring this re-
sponse was only observed 8 h after showing signi®-
cantly lower �p < 0:01� values as compared to control-
o�spring. At 21 days of age, signi®cantly decreased
�p < 0:01; p < 0:05� LH values after TP injection were
found in both groups studied but in MEL-o�spring
LH values were signi®cantly higher than �p < 0:01� in
control-o�spring, in both time points studied. At 30
days of age, again signi®cantly reduced �p < 0:01;
p < 0:05� LH values after TP injection were found in
both groups studied. But the magnitude of the nega-
tive response was signi®cantly higher �p < 0:01� 8 h

after in control-o�spring and 24 h after in MEL-
o�spring �p < 0:05). At 35 days of age, signi®cantly
reduced �p < 0:05; p < 0:01� LH values 8 h after TP
injection were found in both groups, showing signi®-
cantly higher �p < 0:01� LH values in MEL-o�spring
as compared to control-o�spring. This negative
response �p < 0:01� was only observed in MEL-o�-
spring 24 h after. At 40 days of age, signi®cantly
decreased �p < 0:01� LH values 8 h after TP injection
were found in control-o�spring, but this response was
delayed �p < 0:01� in MEL-o�spring until 24 h after,
being at this time LH values signi®cantly lower
�p < 0:05� as compared to controls. At 60 days of age,
both groups showed signi®cantly decreased �p < 0:01;
p < 0:05� LH values 8 and 24 h after TP injection.

Basal FSH values and feedback mechanism to TP
(Fig. 2). Basal FSH values were signi®cantly lower at
all ages studied except at 60 days of age in MEL-o�-
spring as compared to control-o�spring.

3.2. FSH feedback mechanism

In control-o�spring at 17 days of age, no FSH re-
sponse to a single dose of TP was found. At the end
of the infantile period (21 days), FSH values were sig-
ni®cantly reduced �p < 0:05� 24 after TP injection.
During prepubertal period (days 30 and 35) signi®-
cantly reduced FSH values �p < 0:01; p < 0:05� were
found 8 and 24 h after TP. At pubertal period (days
40 and 60), no negative response was found after TP
injection. However, in MEL-o�spring the signi®cantly
negative �p < 0:01; p < 0:05� FSH response appeared
later than in control-o�spring during prepubertal and
disappeared delayed than in control-o�spring at the
beginning of the pubertal period. At all ages studied,
signi®cantly lower �p < 0:01; p < 0:05� FSH values
were found after TP injection as compared to control-
o�spring.

Basal prolactin values and feedback mechanism to
TP (Fig. 3). Basal prolactin levels were signi®cantly
lower �p < 0:01� in MEL-o�spring during the infantile
period and at 35 days of age than in control-o�spring.

3.3. Prolactin feedback mechanism

In control-o�spring, signi®cantly increased
�p < 0:01� prolactin levels were observed 8 h after TP
injection at all ages studied except at 17 days of age.
At this age, signi®cantly negative response �p < 0:05�
was observed 8 h after TP injection, but 24 h after-
ward prolactin values increased showing signi®cantly
higher �p < 0:01� values than in MEL-o�spring. The
increased prolactin levels observed in control-o�spring
after TP injection were blunted in MEL-o�spring at 17
and 35 days of age, showing signi®cantly reduced
�p < 0:01; p < 0:05� prolactin levels than control-o�-
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spring. Also, at 21 days of age, prolactin levels were
signi®cantly lower �p < 0:01� in all time points studied
in MEL-o�spring than in control-o�spring. Although
at this age prolactin positive response to TP was found

8 and 24 h after in MEL-o�spring. On day 30 of life,
no signi®cant di�erences were found between the two
groups studied. In MEL-o�spring during the pubertal
period, 40 and 60 days of age, increased prolactin

Fig. 2. Plasma FSH response to testosterone propionate (100 mg/100 g BW) administration on 17-, 21-, 30-, 35-, 40-, and 60-day old male o�-

spring of control and melatonin-treated (150 mg/100 g BW) mother rats. Control �n � 7±16); MEL �n � 7±17). Values are expressed as the mean

2SEM. �p < 0:01 vs. Control group; � � p < 0:05 vs. Control group. Longitudinal study: Basal value vs. post TP injection: 21 days, Control-o�-

spring: (b) p < 0:05 vs. 24 h. 30 days, Control-o�spring: (a) p < 0:01 vs. 24 h, (b) p < 0:05 vs. 8 h; MEL-o�spring: (a) p < 0:01 vs. 24 h, (b)

p < 0:05 vs. 8 h. 35 days, Control-o�spring: (a) p < 0:01 vs. 8 and 24 h; MEL-o�spring: (a) p < 0:01 vs. 24 h. 40 days, MEL-o�spring: (a)

p < 0:01 vs. 48 h.
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Fig. 3. Plasma prolactin (PRL) response to testosterone propionate (100 mg/100 g BW) administration on 17-, 21-, 30-, 35-, 40-, and 60-day old

male o�spring of control and melatonin-treated (150 mg/100 g BW) mother rats. Control �n � 9±16); MEL �n � 8±18). Values are expressed as

the mean2SEM. �p < 0:01 vs. Control group; � � p < 0:05 vs. Control group. Longitudinal study: Basal value vs. post TP injection: 17 days,

Control-o�spring: (b) p < 0:05 vs. 8 h. 21 days, Control-o�spring: (a) p < 0:01 vs. 8 h; MEL-o�spring: (a) p < 0:01 vs. 8 and 24 h. 30 days, Con-

trol-o�spring: (a) p < 0:01 vs. 8 h, (b) p < 0:05 vs. 24 h; MEL-o�spring: (b) p < 0:05 vs. 8 h. 35 days, Control-o�spring: (a) p < 0:01 vs. 8 h. 40

days, Control-o�spring: (a) p < 0:01 vs. 8 h; MEL-o�spring: (a) p < 0:01 vs. 8 h. 60 days, Control-o�spring: (a) p < 0:01 vs. 8 h; MEL-o�spring:

(a) p < 0:01 vs. 8 h.
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values were found 8 h after TP injection but this
stimulatory e�ect was signi®cantly lower �p < 0:01;
p < 0:05� than in control-o�spring.

4. Discussion

The present study clearly demonstrates that modi®-
cations of the fetal endocrine environment caused by
prenatal administration of melatonin resulted in an
alteration of the neuroendocrine-reproductive axis of
the male o�spring.

In control-o�spring, LH levels in response to TP,
showed the classical negative feedback e�ect as early
as 8 h after TP injection, since infantile period up to
pubertal period. The highest magnitude of the negative
response from infantile to pubertal period was
observed at 30 days of age. About this question, at 30
days of age increased pituitary GnRH receptors were
described in male rats [17]. However, using the same
TP doses (100 mg/100 g BW), 5 days later the negative
response was attenuated. This indicate that at 35 days
of age, which is a transitional stage from the prepuber-
tal to the pubertal period, the neural mechanisms
involved in feedback response are at a more advanced
phase of sexual development. Our results are in agree-
ment with previous data in the literature, which
reported that much less testosterone is needed to sup-
press LH levels in prepubertal than in pubertal males
[5] and that a functional sensitive androgen feedback
system exists in immature male rats [18]. About this
matter increased serum gonadotropins in 5±60 days of
age castrated male rats were found [19], suggesting
that the negative feedback action of gonadal steroids
on hypothalamic GnRH secretion is operative since
early age. In MEL-o�spring where similarly the nega-
tive response to TP was observed as early as 17 days
of age. The highest magnitude of the negative response
to TP was observed 5 days later than in control-o�-
spring, at 35 days of age, as consequence of delayed
increase of basal LH values. Recently, it was demon-
strated that androgen feedback action is exerted at
hypothalamic level because testosterone treatment had
no e�ect on LH secretion in GnRH-pulsed castrated
male rams which underwent hypothalamo-pituitary
disconnection [20]. These data suggest that prenatal
melatonin acts upon the hypothalamic-pituitary axis
producing alterations in the sensitivity to gonadal ster-
oids during the prepubertal period, supported by the
evidence that melatonin acts at the level of the hypo-
thalamus or on higher centers to inhibit GnRH release
and reproductive functions [10,21±23].

The results show a di�erent developmental pattern
of the two gonadotropins in response to testosterone
through sexual development in control-o�spring.
These observations of TP di�erential e�ects on FSH

and LH secretion suggest that their secretion may be
controlled by di�erent mechanism, as was previously
proposed in rats [24,25]. FSH secretion showed a more
reduced negative feedback response to supraphysiolo-
gical androgen levels in immature rats than the one
observed with LH. A more delayed negative feedback
of testosterone on serum FSH as compared with LH
was recently described [26]. Which could be due to
that additional factors other than gonadal steroids are
operative in males during maturation. It was recently
found [27,28] that FSH secretion in addition to testos-
terone is regulated by other factors, such as inhibin B,
which plays a clear physiological role in the feedback
control. In MEL-o�spring decreased FSH concen-
trations in most time points studied and delayed nega-
tive feedback e�ect were observed. About this sensitive
mechanism in MEL-o�spring the negative feedback
was observed by ®rst time at 30 days of age while in
control-o�spring it was observed at 21 days of age.
This negative feedback e�ect to exogenous TP disap-
pear at 35 days of age in control-o�spring while in
MEL-o�spring it was delayed until 40 days of age.
Maturation processes of pituitary responsiveness to
both GnRH and steroid feedback action are probably
the most important steps in the regulation of sexual
maturation in the rat. All these data suggest that pre-
natal melatonin induced a delay in the sexual develop-
ment of male o�spring. This e�ect could be exerted at
hypothalamic level since it is known that the e�ects of
melatonin on the decreased function of gonadotrophs
of the male rat result from an action exerted at hypo-
thalamic rather than at the pituitary level [29]. All
these data suggest that the hypothalamus is the site
where prenatal melatonin exerts its in¯uence and alters
the postnatal FSH response to androgens in male o�-
spring.

The results from the present study show that plasma
prolactin levels increase from infantile to pubertal
periods, in agreement with previous results [30]. As
was previously found [9], TP produced a stimulatory
action on the mechanisms involved in prolactin release
in control-o�spring at all ages studied. In MEL-o�-
spring the increased prolactin values after TP injection
were blunted at 17 and 35 days of age. Moreover, pre-
natal melatonin altered the prolactin response to ex-
ogenous TP, producing during prepubertal period an
inhibition of the positive feedback observed at 35 days
of age in control-o�spring. This could be as a conse-
quence that at this age in control-o�spring basal pro-
lactin levels markedly increase; however, in MEL-
o�spring they remain at the same level observed at 30
days of age. During the pubertal period, although
MEL-o�spring group showed a positive feedback, the
magnitude of the response was lower than in control-
o�spring. This coincide with the results observed in
FSH response at the same period. Based on these
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data, we concluded that prenatal melatonin could act
upon central structures to a�ect postnatal prolactin-se-
cretion in response to TP injection until puberty.

In conclusion, the present study shows that prenatal
melatonin administration induced changes in the sensi-
tivity of gonadotropin and prolactin feedback response
to exogenous androgens, indicative of a delayed sexual
maturation in male o�spring.
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