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effects of melatonin on gonadotropin ,secretion in the rat. PHARMACOL BIOCHEM BEHAV 32(1) 157-162, 1989.-- 
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 
rats. 

Prolactin Melatonin LH FSH Gonadotropins 

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×g) for 15 minutes 
and the plasma was kept frozen until analyzed. 

htdt.'tion of Hyperprola¢'tinemia 

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 Athninistration 

Starting two months after pituitary transplantation or 
sham surgery, half of the animals from each group were 
treated with 200 /xg 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 

~Requests for reprints should be addressed to A. I. Esquifino, Ph.D., Dpto. de Bioquimica, Facultad de Medicina, Universidad Com- 
plutense. 28040 Madrid, Spain. 
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T A B L E  1 

PLASMA PROLACTIN. LH AND FSH LEVELS IN FEMALE RATS 

Day 0 Day I Day 2 Day 3 Day 5 Day 7 

Prolactin C.S. 21 ± 3 23 + 9 21 = 2 21 ± 3 24 ± 2 21 ± 3 
(V.gO) E.S. 143 ± 13, 209 ± 20* 157 ± 13, 151 ± 12, 186 ± 18,-: 131 ± 16, 

C.M. 21 _+ 3 29 ± 4 26 ± 5 33 ± 5 37 --_ 7 33 ± 9 
E.M. 143 ___ 13 38 ± 7# 29 ± 4# 27 ± 3# 28 ~ 4# 24 _+_ 3# 

LH C.S. 35 ± 1 39 ± 4 35 ± 4 31 ± I 38 ± 3 38 ± 5 
(p.g/l) E.S. 19 ± 2-~ 22 ± 2+ 24 ± 2* 17 ± 2* 21 ± 3- 22 ± 2* 

C.M. 35 ± 1 39 ± 5 32 ± 4 28 ± 3 28 ± 4 33 ± 3 
E.M. 19 ± 2 42 ± 7§ 36 ± 4§ 29 _- 5 29 ± 3 28 ± 4 

FSH C.S. 197 ± 28 207 ± 27 178 ± 21 190 ± 21 211 ± 19 172 ± 20 
(/.tg/I) 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 ~g/rat per day, for 7 days 1P) 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. 

*/)<0.05, ¢p<0.01, *p<0.001 vs. CS group. 
§p<0.05, ~ip<0.01, #p<0.001 vs. ES group. 

5 hours  pr ior  to the  onse t  of  the dark  per iod as descr ibed  by 
Tamark in  et al. (42). 

Hormonal Determinations 

Plasma levels of  prolact in ,  LH and  FSH  were  measu red  
by specific doub le -an t ibody  r a d i o i m m u n o a s s a y  sys tems  
using mater ia l s  kindly supplied by N I H  (Be thesda ,  MD) and  
previous ly  val idated  in our  l abora to ry  (46). The  resul ts  were  
expres sed  in ~.g/l in t e rms  of  the  r e spec t ive  RP-I  re fe rence  
prepara t ions .  

To avoid  the in te rassay  variabi l i ty ,  all o f  the samples  
were  measu red  in the  same assay  as in our  p rev ious  s tudies  
(44). Basal  h o r m o n a l  levels  were  d e t e r m i n e d  at 10 a .m.  be- 
fore and  on  days  1, 2, 3, 5 and  7 of  the  mela ton in  t r ea tmen t .  

Luteinizing Hormone-Releasing Hormone Test 

A s t imula tory  tes t  was  pe r fo rmed  on day 7 of  t r e a t m e n t  
by  the  IP admin i s t r a t ion  of  1 /zg of  syn the t i c  L H R H  (Lufo-  
ran,  Serono ,  Madr id ,  Spain)  to all rats .  Blood samples  were  
ob ta ined  immedia te ly  before  (10:00 a .m.)  and  30 minu tes  
af ter  L H R H  inject ion,  accord ing  to p rev ious  data  f rom ou r  
l abora to ry  (44). 

St¢Histics 

Stat is t ical  ana lys is  was  pe r fo rmed  by means  o f " a  paired 
compar i son  of  m e a n "  me thod  (14,43), wh ich  tes ts  for the  
homogen i ty  of  var iance  b e t w e e n  g roups  and,  depend ing  on 
the  result ,  ut i l izes e i the r  F or  t s ta t is t ic  for  individual  com- 
par isons .  

RESULTS 

The re  was a m a r k e d  increase  in p lasma prolac t in  levels  
(Table 1) in pi tu i tary-graf ted female  ra ts  60 days  af ter  the 
t r ansp lan t  ope ra t ion  (day 0) as c o m p a r e d  to the sham-  

ope ra t ed  group  (Table  1, p<0 .001) .  Mela ton in  t r ea tmen t  re- 
sui ted in a m a r k e d  dec rease  in the previous ly  e leva ted  
prolac t in  levels  in graf ted female ra ts  as c o m p a r e d  to saline- 
t r ea ted  graf ted rats  in which  e l eva ted  p lasma prolac t in  levels 
were  ma in ta ined  th roughou t  the  s tudy period.  In sham- 
opera ted  rats ,  me la ton in  t r ea tmen t  did not  affect  p l a sma  
prolac t in  levels .  P lasma L H  levels  were  signif icantly sup-  
pressed  in graf ted rats  60 days  af ter  the  t r ansp lan t  ope ra t ion  
(day 0) (Table  I) as c o m p a r e d  to sham-ope ra t ed  con t ro l s  
(O<0.001). Mela ton in  did not  "affect p l a sma  L H  levels  in the  
s h a m - o p e r a t e d  rats  but  induced  a rise in p lasma LH levels  in 
the graf ted an imals  re tu rn ing  c o n c e n t r a t i o n s  to those  seen  in 
the  sa l ine- in jec ted  sham-ope ra t ed  cont ro ls .  

There  were no d i f ferences  in basal  p lasma FSH levels  
be tween  graf ted and  cont ro l  ra ts  (day 0, Table  1). Dur ing  
me la ton in  t r e a t m e n t  there  was a slight increase  in FSH levels  
in cont ro l  an imals ,  and a slight dec rease  in graf ted animals .  
Similar  pa t t e rns  of  the evolu t ion  of  FSH levels  were  ob- 
se rved  in bo th  cont ro l  and  graf ted ra ts  t r ea ted  with the  vehi-  
cle. Mela ton in  admin i s t r a t ion  inc reased  p lasma FSH levels  
only  in cont ro l  ra ts  on  day 5 of  t r e a t m e n t  (o<0.05) .  

Bo th  basal  and  L H R H - s t i m u l a t e d  L H  levels  were  signifi- 
cant ly  lower  in sa l ine- in jected graf ted female  ra ts  than  in the  
co r r e spond ing  sham-ope ra t ed  con t ro l s  (Fig. 1, p < 0 . 0 5  and  
p < 0 . 0 1 ,  respect ively) .  Admin i s t r a t ion  o f  me la ton in  to 
gr',ffted rats  increased  basal  LH values  to those  o b s e r v e d  in 
sa l ine- t rea ted  sham-ope ra t ed  rats.  No  effects  were  o b s e r v e d  
in sham-ope ra t ed  rats.  H o w e v e r ,  me la ton in  t r ea tmen t  
great ly a u g m e n t e d  the  L H  r e sponse  to L H R H  s t imula t ion  in 
graf ted ra ts  as c o m p a r e d  to the r e sponse  measu red  in sal ine-  
t rea ted  graf ted an imals  (o<0.001) .  P lasma  LH re sponse  to 
L H R H  in sham-ope ra t ed  cont ro l  ra ts  was  not  modif ied  by 
me la ton in  t r ea tmen t .  

Basal  FSH levels  were similar  in all g roups  s tudied (Fig. 
1) regard less  of  t r ea tmen t .  P lasma FSH responses  to L H R H  
were  s imilar  in sa l ine- t rea ted  graf ted and  cont ro l  an imals  and  
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FIG. 1. Plasma concent ra t ions  o f  LH and FSH 30 rain after a LH-re leas ing hor- 
mone  (LHRH)  challenge (1 /zg IP) on day 7 of  saline (S) or melatonin (M) (200 
#g/rat /day) adminis t ra t ion in pituitary-grafted (ES,EM) or sham-opera ted  
(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 compar i son  o f  
m e a n s "  test. *p<0.05,  **p<0.01,  ***p<0.001. 

T A B L E  2 
PLASMA PROLACTIN, LH AND FSH LEVELS IN MALE RATS 

Day 0 Day 1 Day 2 Day 3 Day 5 Day 7 

Prolactin C.S. 23 ± 2 21 ± 3 25 -+ 2 22 ± 1 1 8 _  2 26 ± 2 
(/xg/l) E.S. 152 - 18-1: 119 ± 11¢ 122 -'- 7:1: 115 ± 75 122 ± 15~: 165 -+ 205 

C.M.  23 ± 2 72 ± 20 65 -'- 14 110 ± 19 105 ± 17 115 + 21 
E.M. 152 -+ 18 20 ± 2#  17 ± 2# 17 -- 1# 18_+ I#  19 ± 2# 

LH C.S.  35 ± 4 41 ± 2 37 ± 3 35 -+ 2 36 ± 4 40-+ 3 
(/~g/l) E.S. 14 ± 25 25 ± 35- + 19 _~ 3:[: 17 _+ 25 18 ± 3~: 20-+ 2¢ 

C.M. 35__ + 4 3 3 -  + 5 4 4 ±  2 41-+ 4 47-+ 4 4 7 -  + 2 
E.M. 14-+ 2 23 -+ 3 24-+ 3 13 ± 2 18 ± 3 22 ± 2 

FSH C.S. 339 -+ 4,1 402 -+ 30 556 ± 60 274 ± 36 340 -+ 60 374 _ 7 
(#g/l) E.S. 23,6 ± 56 338 - 35 416 _ 65 252 ± 28 377 ± 61 455 ± 36 

C.M. 339 -+ 44 522 -+ 54 503 -+ 43 519 ± 63~ 497 -4- 60 480 _+ 51 
E.M. 2,16 -+ 56 380 ± 27 352 -+ 26 350 -- 15t, ' 369 ± 55 337 ± 57 

Effects o f  chronic t rea tment  with melatonin (M, 200 tzg/rat per day,  for 7 days  IP) or  saline (S) in control (CM or 
CS) and grafted male rats (EM or ES) on p lasma concentra t ions  o f  prolactin, LH and FSH. Values are expressed  as 
mean  --- S .E.M.  (n= 10 animals  in each group). Statistical analysis  was performed through a "pai red  compar ison  o f  
m e a n s "  test.  

*p<0.05,  t p<0 .01 ,  Cp<0.001 vs. CS group.  
§p<0.05,  ¶p<0.01 ,  #p<0 .001  vs. ES group.  

in s h a m - o p e r a t e d  m e l a t o n i n - t r e a t e d  f e m a l e s .  H o w e v e r ,  a 
m a r k e d  i n c r e a s e  in t h e  F S H  r e s p o n s e  to  L H R H  w a s  s e e n  in 
t h e  g r a f t e d  r a t s  a f t e r  m e l a t o n i n  t r e a t m e n t  (p < 0 . 0 5  c o m p a r e d  
to  a n y  o t h e r  g r o u p ) .  

In  p i t u i t a r y - g r a f t e d  m a l e  r a t s ,  p l a s m a  p r o l a c t i n  l e v e l s  
w e r e  m a r k e d l y  i n c r e a s e d  60 d a y s  a f t e r  t h e  t r a n s p l a n t  o p e r a -  
t ion  ( d a y  0) ( T a b l e  2) a s  c o m p a r e d  to  s h a m - o p e r a t e d  c o n t r o l s  
( p < 0 . 0 0 1 ) .  M e l a t o n i n  t r e a t m e n t  m a r k e d l y  r e d u c e d  t he  p r e -  

v i o u s l y  e l e v a t e d  p l a s m a  p r o l a c t i n  l eve l s  in g r a f t e d  a n i m a l s  
a n d  i n c r e a s e d  p l a s m a  p r o l a c t i n  in s h a m - o p e r a t e d  c o n t r o l s .  
T h e s e  c h a n g e s  w e r e  m a i n t a i n e d  d u r i n g  t h e  w h o l e  p e r i o d  o f  
t r e a t m e n t .  

P l a s m a  L H  l eve l s  w e r e  s u p p r e s s e d  in g r a f t e d  m a l e  r a t s  a s  
c o m p a r e d  to  s h a m - o p e r a t e d  c o n t r o l s  ( d a y  0, p < 0 . 0 0 1 )  a n d  
d id  n o t  c h a n g e  d u r i n g  t h e  p e r i o d  o f  s a l ine  o r  m e l a t o n i n  
t r e a t m e n t  ( T a b l e  2). 
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FIG. 2. Plasma concentrations of LH and FSH 30 min after a LH-releasing hor- 
mone (LHRH) challenge (1 /zg IP) on day 7 of saline (S) or melatonin (M) (200 
p,g/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. 

D I S C U S S I O N  

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 iaduced 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- 
edge, 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 rnelatonin 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 

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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