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Melatonin administration to pituitary-grafted male and female rats resulted in a marked decrease of previously high plasma
prolactin levels, while an increase in prolactin levels was observed in sham-operated controls. The latter effect was
significant only in males. Treatment with melatonin did not modify basal LH hormone levels or LH responses to luteinizing
hormone-releasing hormone (LHRH) in sham-operated rats of either sex. However, in pituitary-grafted females, melatonin
increased both basal and LHRH-stimulated LH levels towards values recorded in sham-operated controls. No effects on
basal LH levels were detected in grafted males under melatonin treatment, but the response of LH to LHRH was markedly
increased and no longer differed from the values measured in sham-operated control animals pretreated with saline.
Melatonin did not affect follicle stimulating hormone (FSH) levels except for an increase in FSH response to LHRH in
grafted females. These findings suggest the existence of sex-dependent effects of melatonin on LH and FSH secretions.
These effects of melatonin may be mediated by the different plasma prolactin levels in pituitary-grafted and sham-operated
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rats.
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PROLACTIN and gonadotropin secretion are controlled by
mechanisms which appear to be closely related (2, 7, 19, 26).
Thus, an inverse relationship exists between prolactin and
LH levels in a number of physiological, pathophysiological
and experimental situations (15, 16, 35).

It is well established that melatonin can inhibit gonado-
tropin release (36). Since melatonin can also modulate
prolactin secretion and, conversely, prolactin can affect the
pineal gland via specific receptors (11, 13, 17, 20), we were
interested in the possibility that melatonin and prolactin may
interact to exert modulatory effects on the reproductive axis.

The aim of the present investigation was to examine the
interactive effects of melatonin and chronic hyperprolac-
tinemia on the regulation of LH and FSH release in male and
female rats.

METHOD

General Conditions and Sampling

Male and female rats of the Wistar strain were kept under
controlled conditions of lighting (12 hr light:12 hr darkness;
lights on from 08:00 hr) and temperature (22+2°C). They
were fed ad lib with Sanders rat chow (Madrid, Spain).

Heparinized blood samples were taken from the external
jugular vein under very light ether anesthesia. The samples
were immediately centrifuged at 4°C (1500 xg) for 15 minutes
and the plasma was kept frozen until analyzed.

Induction of Hyperprolactinemia

One pituitary gland (pars distalis) from female litter-mate
donors was transplanted under the right kidney capsule of
male and female recipients at the age of 30 days (47). Rats of
the same age were sham operated and served as controls.
Vaginal smears were taken for at least 20 days before
melatonin administration and only animals showing dies-
trous smears were used in this study for both beginning of
treatment and day of sampling.

Melatonin Administration

Starting two months after pituitary transplantation or
sham surgery, half of the animals from each group were
treated with 200 ug of melatonin per day. Melatonin was
dissolved in a mixture of saline and ethanol (1%) and injected
IP. The remaining animals received injections of vehicle
alone. The treatments were given daily for 7 days and always
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TABLE 1
PLASMA PROLACTIN. LH AND FSH LEVELS IN FEMALE RATS

Day 0 Day 1 Day 2 Day 3 Day § Day 7

Prolactin C.S. 21+ 3 23+ 2 21 = 2 21 3 24+ 2 21+ 3
(ug/) E.S. 143 + 13% 209 = 20% 157 + 13% 151 + 12% 186 + 18% 131 + 163
C.M. 21+ 3 29+ 4 26+ 5 33+ S 37 7 33+ 9
E.M. 143 + 13 38 = T# 29 + 4# 27 = 3# 28 + 44 24 + 3#

LH C.S. 35+ 1 39+ 4 35+ 4 31+ 1 38+ 3 8+ 5
(ug/h) E.S. 19 = 2% 22 + 2% 24 + 2* 17 = 2% 21 = 3% 22 + 2%
C.M. 35+ 1 39 5 32 + 28+ 3 28+ 4 33+ 3

E.M. 19+ 2 42+ 78 36 + 4§ 9= 5 29+ 3 28+ 4

FSH C.S. 197 =+ 28 207 = 27 178 = 21 190 + 21 211 = 19 172 = 20
(ug/l) E.S. 310 = 55 172 = 13 328 + 77 255 = 87 231 + 51 175 + 46
C.M. 197 + 28 153 = 13 278 = 47 255 = 62 401 = 67 224 + 37

E.M. 310 = 55 220 + 44 239 = 36 187 = 15 175 = 10 179 + 21

Effects of chronic treatment with melatonin (M, 200 ug/rat per day, for 7 days IP) or saline (S) in control (CM or
CS) and grafted female rats (EM or ES) on plasma concentrations of prolactin, LH and FSH. Values are expressed
as mean = S.E.M. (n=10 animals in each group). Statistical analysis was performed through a **paired comparison

of means”’ test.
*»<0.0S, tp<0.01, tp<0.001 vs. CS group.
§p<0.05, “p<0.01, #p<0.001 vs. ES group.

5 hours prior to the onset of the dark period as described by
Tamarkin er al. (42).

Hormonal Determinations

Plasma levels of prolactin, LH and FSH were measured
by specific double-antibody radioimmunoassay systems
using materials kindly supplied by NIH (Bethesda. MD) and
previously validated in our laboratory (46). The results were
expressed in ug/l in terms of the respective RP-1 reference
preparations.

To avoid the interassay variability, all of the samples
were measured in the same assay as in our previous studies
(44). Basal hormonal levels were determined at 10 a.m. be-
fore and on days 1, 2, 3, 5 and 7 of the melatonin treatment.

Luteinizing Hormone-Releasing Hormone Test

A stimulatory test was performed on day 7 of treatment
by the TP administration of 1 ug of synthetic LHRH (Lufo-
ran, Serono, Madrid, Spain) to all rats. Blood samples were
obtained immediately before (10:00 a.m.) and 30 minutes
after LHRH injection, according to previous data from our
laboratory (44).

Statistics

Statistical analysis was performed by means of *‘a paired
comparison of mean’’ method (14,43), which tests for the
homogenity of variance between groups and, depending on
the result, utilizes either F or ¢ statistic for individual com-
parisons.

RESULTS

There was a marked increase in plasma prolactin levels
(Table 1) in pituitary-grafted female rats 60 days after the
transplant operation (day 0) as compared to the sham-

operated group (Table 1, p<0.001). Melatonin treatment re-
sulted in a marked decrease in the previously elevated
prolactin levels in grafted female rats as compared to saline-
treated grafted rats in which elevated plasma prolactin levels
were maintained throughout the study period. In sham-
operated rats, melatonin treatment did not affect plasma
prolactin levels. Plasma LH levels were significantly sup-
pressed in grafted rats 60 days after the transplant operation
(day 0) (Table 1) as compared to sham-operated controis
(p<0.001). Melatonin did not affect plasma LH levels in the
sham-operated rats but induced a rise in plasma LH levels in
the grafted animals returning concentrations to those seen in
the saline-injected sham-operated controls.

There were no differences in basal plasma FSH levels
between grafted and control rats (day 0, Table 1). During
melatonin treatment there was a slight increase in FSH levels
in control animals, and a slight decrease in grafted animals.
Similar patterns of the evolution of FSH levels were ob-
served in both control and grafted rats treated with the vehi-
cle. Melatonin administration increased plasma FSH levels
only in control rats on day 5 of treatment (p <0.05).

Both basal and LHRH-stimulated LH levels were signifi-
cantly lower in saline-injected grafted female rats than in the
corresponding sham-operated controls (Fig. 1, p<0.05 and
p<0.01, respectively). Administration of melatonin to
grafted rats increased basal LH values to those observed in
saline-treated sham-operated rats. No effects were observed
in sham-operated rats. However, melatonin treatment
greatly augmented the LH response to LHRH stimulation in
grafted rats as compared to the response measured in saline-
treated grafted animals (p <0.001). Plasma LH response to
LHRH in sham-operated control rats was not modified by
melatonin treatment.

Basal FSH levels were similar in all groups studied (Fig.
1) regardless of treatment. Plasma FSH responses to LHRH
were similar in saline-treated grafted and control animals and
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FIG. 1. Plasma concentrations of LH and FSH 30 min after a LH-releasing hor-
mone (LHRH) challenge (1 ug IP) on day 7 of saline (S) or melatonin (M) (200
ug/rat/day) administration in pituitary-grafted (ES,EM) or sham-operated

(CS,CM) female rats. Values are expressed as mean=S.E.M. (n=10 animals in
each group). Statistical analysis was performed through a ' ‘paired comparison of
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means’’ test. *p<0.05, **p<0.01, ***»<0.001.

TABLE 2
PLASMA PROLACTIN, LH AND FSH LEVELS IN MALE RATS

Day 0 Day 1 Day 2 Day 3 Day § Day 7

Prolactin C.S. 23+ 2 21+ 3 25 + 2 2=+ 1 18+ 2 26+ 2
(ugh) E.S. 152 = 18t 119 = 114 122 = 7% 115 =+ 7% 122 + 15% 165 = 20t

C.M. 23+ 2 72 = 20 65 + 14 110 = 19 105 = 17 115 = 21
E.M. 152 + 18 20 = 2# 17 = 24# 17 = 1# 18 + 1# 19 = 2#

LH C.S. 35+ 4 41 = 2 37+ 3 35+ 2 36+ 4 40 = 3
(ug/h) E.S. 14 = 2% 25 = 3% 19 = 3t 17 = 2% 18 = 3% 20 = 2%

C.M. 35+ 4 33+ 5 4 = 2 41 + 4 47 = 4 47 = 2

E.M. 14+ 2 23+ 3 24 + 3 13+ 2 18+ 3 22+ 2

FSH C.S. 339 + 44 402 = 30 556 = 60 274 = 36 340 = 60 374 = 7

(ug/h) E.S. 246 = 56 338 + 35 416 = 65 252 + 28 377 = 61 455 * 36

C.M. 339 + 44 522 + 54 503 + 43 519 = 63+ 497 = 60 480 + 51

E.M. 246 + 56 380 = 27 352 £ 26 350 = 159 369 = 55 337 £ 57

Effects of chronic treatment with melatonin (M, 200 ug/rat per day, for 7 days IP) or saline (S) in control (CM or
CS) and grafted male rats (EM or ES) on plasma concentrations of prolactin, LH and FSH. Values are expressed as
mean = S.E.M. (n=10 animals in each group). Statistical analysis was performed through a **paired comparison of

means’’ test.
*»<0.05, 1p<0.01, $p<0.001 vs. CS group.
§p<0.05, $p<0.01, #p<0.001 vs. ES group.

in sham-operated melatonin-treated females. However, a
marked increase in the FSH response to LHRH was seen in
the grafted rats after melatonin treatment (p <0.05 compared
to any other group).

In pituitary-grafted male rats, plasma prolactin levels
were markedly increased 60 days after the transplant opera-
tion (day 0) (Table 2) as compared to sham-operated controls
(»<0.001). Melatonin treatment markedly reduced the pre-

viously elevated plasma prolactin levels in grafted animals
and increased plasma prolactin in sham-operated controls.
These changes were maintained during the whole period of
treatment.

Plasma LH levels were suppressed in grafted male rats as
compared to sham-operated controls (day 0, p<0.001) and
did not change during the period of saline or melatonin
treatment (Table 2).
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FIG. 2. Plasma concentrations of LH and FSH 30 min after a LH-releasing hor-
mone (LHRH) challenge (1 ug IP) on day 7 of saline (S) or melatonin (M) (200
pug/rat/day) administration in pituitary-grafted (ES,EM) or sham-operated
(CS,CM) male rats. Values are expressed as mean=S.E.M. (n= 10 animals in each
group). Statistical analysis was performed through a ‘‘paired comparison of

means’’ test. *p<0.05. **p<0.001.

Plasma FSH levels measured on day 0 did not differ be-
tween sham-operated and grafted male rats. There was a
significant increase in FSH levels on day 3 of melatonin
treatment in both control and grafted animals. No differ-
ences in the concentration of FSH were observed at any
other time point examined (Table 2).

Pituitary transplants reduced both basal and LHRH-
stimulated plasma LH levels in male rats (Fig. 2, p<0.001).
Melatonin did not overcome the reduction in basal LH
levels, but normalized the LH response to LHRH stimula-
tion. In contrast to the results obtained in the females, LH
levels measured in melatonin-treated grafted males 30 min
after LHRH injection were similar to, rather than greater
than the corresponding values measured in grafted animals
pretreated with saline.

None of the treatments affected basal or LHRH-
stimulated plasma FSH levels in male rats.

DISCUSSION

In the present study, blood samples were drawn from the
external jugular vein immediately after induction of very
light ether anesthesia. We have previously demonstrated
that hormone levels measured in samples collected in this
manner do not differ from the values measured in blood col-
lected by decapitation (44). Also, other authors have not
found any differences using similar protocols (12, 37, 38, 48).

Transplantation of one anterior pituitary gland under the
renal capsule at 30 days of age induced a significant increase
in peripheral plasma prolactin levels in the recipient animal

as was expected from earlier observations in this and other
laboratories (3, 16, 44). We have previously demonstrated
that the increase in plasma prolactin levels in pituitary-
grafted animals is associated with a significant decrease in
the prolactin content of the in situ pituitary (45), suggesting
that most of the prolactin present in the circulation originates
from the ectopic pituitary tissue.

Prolactin values measured in pituitary-grafted rats in the
present study were similar to those observed earlier by our
group using the same protocol (16, 44, 45) and higher than
those usually reported in animals grafted after puberty (3, 4,
47). This suggests that prepubertal pituitary transplantation
is more effective in increasing plasma prolactin levels.

The effects of ectopic pituitary transplants on plasma LH
and FSH levels confirm previous findings from this group
(15, 16, 44-47) and from other laboratories (2-4, 19, 37), and
are consistent with the inhibitory influence of hyperprolac-
tinemia on gonadotropin release. The main source of plasma
LH and FSH in grafted rats seems to be in situ pituitary,
because the release of gonadotropins from the ectopic gland
is minimal and approaches the limit of detectability (25).

Melatonin treatment was followed by a marked decrease
in plasma prolactin levels in grafted animals of both sexes. In
contrast, identical treatment significantly increased plasma
prolactin levels in sham-operated males and appeared to in-
crease them also in sham-operated females. To our knowl-
cdge, this is the first study of melatonin effects in pituitary-
grafted animals. Since the ectopic pituitary is the main
source of prolactin in these animals, the possibility of a di-
rect action of exogenous melatonin at the ectopic pituitary
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tissue has to be suspected. However, there is evidence that
the hypothalamic catecholaminergic neurons are the most
likely site of action of exogenous melatonin (1,41).

Increased plasma prolactin levels in melatonin-treated
sham-operated rats in the present study are consistent with
some previous reports (5, 24, 39). However, other workers
reported no modifications in plasma PRL levels after
melatonin treatment (6). These discrepancies could be due to
the use of different experimental models such as blinded
anosmic (5, 6, 28) or pinealectomized rats (28), and different
doses of melatonin (8,21). The discrepancies could be also
related to a different sensitivity of the hypothalamic pituitary
axis to exogenous melatonin in the rat as compared to other
species (32).

Basal plasma LH levels were suppressed in saline-treated
grafted female rats and showed a significant recovery after
melatonin treatment. This melatonin-induced increase in
plasma LH was associated with the reduction in plasma
prolactin levels. No changes in gonadotrophin levels were
detected during melatonin treatment in sham-operated rats.
Other authors reported a reduction in plasma LH levels after
melatonin treatment in intact rats (31,33). This unexpected
difference between the response of intact and sham-operated
rats to melatonin might be due to differences in strain, age or
dose of melatonin used. In addition, the time of melatonin
administration during the light/dark cycle may be critical (22).

The effects of melatonin on plasma prolactin and LH
levels in the present study could have been due to its ac-
tion(s) at the hypothalamic level (2, 34, 41) and may have
involved counteracting the effects of hyperprolactinemia on
the hypothalamus (10, 18, 29, 30, 40). In addition, melatonin
may have affected gonadotropin secretion at the pituitary
level by counteracting the desensitizing effect of hyper-
prolactinemia on pituitary response to LHRH (44). The latter
mechanism of melatonin action is supported by the increased
response of FSH to LHRH in grafted rats after melatonin
treatment.

In pituitary-grafted males, the reduction of prolactin
levels during melatonin treatment was not followed by resto-
ration of plasma gonadotropin levels. This might suggest that
the hypothalamic pituitary-gonadal axis is less sensitive to
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pineal influences in the male than in the female (21). Partial
recovery of FSH levels was detected only on day 3 of
melatonin treatment of pituitary-grafted males. Thus, it
would appear that this pineal indol was able to change only
the sensitivity of the pituitary to external stimuli, counteract-
ing the effects of hyperprolactinemia on LH response to
LHRH challenge (23). Melatonin did not seem to modify the
FSH response to LHRH. If melatonin is exerting its mod-
ulatory effects at both the hypothalamic and the pituitary
level, as has been shown previously (1, 34, 41, 44), our data
suggest that the former effect is less evident in males (21) and
only the latter may be operational in immature rats (27).
The existence of pronounced differences between male
and female rats in the response of their plasma hormone
levels to exogenous melatonin suggests that sexual hormone
milieu influences melatonin effects. The possibility of a pe-
ripheral action of melatonin at the gonadal level should be
also taken into account in view of a recent report of sup-
pressive effects of melatonin on ovarian steroidogenesis (9).
The present study shows differential effects of melatonin
on plasma prolactin and gonadotropin levels in pituitary-
grafted as compared to sham-operated control rats. Melato-
nin appears to counteract the effects of hyperprolactinemia
on the hypothalamic pituitary-ovarian-axis in female rats by
acting at both the hypothalamic and the pituitary level. In
male rats, melatonin was not able to counteract the effects of
hyperprolactinemia on the hypothalamic-pituitary-testicular
axis, suggesting a sex dependent mechanism of action.
Moreover, our results suggest that prevailing plasma
prolactin levels can profoundly influence the effects of
melatonin on adenohypophyseal hormone release.
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