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B l o c k a d e  o f  Ovulation by Melatonin 

N u m e r o u s  pub l i ca t ions  h a v e  recen t ly  d e m o n s t r a t e d  
t h a t  t he  p inea l  g land  exe r t s  an  inh ib i to ry  ac t iv i ty  on the  
r ep roduc t ive  s y s t e m  of b o t h  male  and  female  an imal s  ~-~. 
This  inh ib i t ion  seems  to  be exe r t ed  t h r o u g h  a ce r ta in  
n u m b e r  of subs t ances  syn thes i zed  by  t h e  gland,  i.e. 
me la ton in  ( 5 - m e t h o x y - N-ace ty l - t r yp t amine ) ,  5 -me thoxy-  
t r y p t o p h o l ,  5 - h y d r o x y t r y p t o p h o t ,  and  se ro ton in  (5-hy- 
d r o x y t r y p t a m i n e )  a-% 

P re l im ina ry  ev idence  seems to  ind ica te  t h a t  t he  p inea l  
g land  in t e rvenes  also in  t he  con t ro l  of  ovula t ion .  P inea l -  
e c t o m y  has  been  shown to  enhance  t h e  ovu l a to ry  re- 
sponse  fol lowing t h e  a d m i n i s t r a t i o n  of gonado t rop in s  t o  
i m m a t u r e  r a t s  ~-~° while  me la ton in  a n d  5 -me thoxy-  
t r y p t o p h o I  appea r  to  inh ib i t  copu la t ion- induced  ovula-  
t i on  in  r a b b i t s  xl, x2. 

In  a series of e x p e r i m e n t s  we have  t r i ed  to  ob ta in  a 
d i rec t  p roof  of t he  pa r t i c ipa t ion  of p inea l  me la ton in  in 
t h e  cont ro l  of spon t aneous  ovu la t ion  in t he  ra t .  This  
subs t ance  has  been  p rev ious ly  shown to  be able to  inh ib i t  
t he  secre t ion  of p i t u i t a r y  lu te iniz ing h o r m o n e  (LH) which  
is p r o b a b l y  the  m a j o r  ovu la t ing  g o n a d o t r o p i n  in th is  
species ~3, ~4. 

In  t he  p re sen t  e x p e r i m e n t s  me la ton in  was  in jec ted  
in to  one of t h e  la tera l  vent r ic les  of the  b ra in  a round  the  
so-called 'cr i t ical  pe r iod '  of t he  d a y  of p roes t rus  dur ing  
which  ovu la t ing  a m o u n t s  of L H  are re leased f rom the  
p i t u i t a r y  15 - 1~. 

Material  and methods. Adul t  female  Sprague-DawIey  
ra t s  were  i m p l a n t e d  p e r m a n e n t l y  wi th  a cannu la  which  
enab led  us t o  in jec t  me la ton in  in to  one of t he  la tera l  
ven t r ic les  of t h e  b ra in  w i thou t  anes thes ia ,  t hus  avo id ing  
t h e  we t lknown  blocking effect  of anes the t i c s  on  ovula-  
tion~S, ~e. Af t e r  i m p l a n t a t i o n  of t he  cannula ,  t h e  es t rous  
cycles  oI these  r a t s  were  careful ly  ver i f ied.  Only  an imals  
showing  a t  l eas t  2 regular  fou r -day  cycles were  uti l ized.  
The  an imal s  were  ki l led the  d a y  fol lowing t h e  in jec t ion  
of me la ton in ,  and  ovula t ion  was  d e t e r m i n e d  by  coun t ing  
t h e  ova  in t h e  l~allopian tubes  u n d e r  a d issec t ing  micro-  
scope. 

Since the  half-l ife of mela ton in  is only  a b o u t  30 min  ~s, 
and  t h e  'cr i t ical  pe r iod '  of t h e  day  of p roes t rus  las ts  
a b o u t  2 h, a single in jec t ion  of me la ton in  was  cons idered  
i nadequa t e  to  block ovula t ion.  Melatonin,  d issolved in 
m e t h a n o l  and  d i lu ted  wi th  saline to  a f inal  concen t r a t i on  
of 20 to  100 tzg/20 ~1, was  there fore  in jec ted  every  hour  
for 4 or 5 t imes  beg inn ing  a p p r o x i m a t e l y  60 min  before  
t he  'cr i t ical  pe r iod '  which,  in our  s t ra in  of ra ts ,  and  
wi th  t he  l igh t ing  condi t ions  of our  an imal  qua r t e r  (14 h 
light,  10 h darkness)  goes f rom 14.00 h to  16.00 h. 19 ra t s  
rece ived in th is  way  a t o t a l  a m o u n t  of me la ton in  va ry ing  
f rom 100 to  500 i~g per  ra t .  I n  a con t ro l  e x p e r i m e n t  
me la ton in  was in jec ted  s.c. 

Results and discussion. The  resul ts ,  shown  in t h e  Table ,  
ind ica te  t h a t  ovu la t ion  was  comple t e ly  b locked  in 7 ra t s  

ou t  of 19. In  the  12 ra ts  t h a t  ovula ted ,  and  wh ich  con- 
s t i tu t e  t he  63% of t r e a t e d  animals ,  a m e a n  n u m b e r  of 
5 ova  was  ~ound. 8 r a t s  were  in jec ted  in t r aven t r i cu l a r ly  
w i th  sal ine so lu t ion  fol lowing the  s ame  schedule  used  
for me la ton in .  All  ovula ted ,  and  the  m e a n  n u m b e r  of 
ova  was  11.7. 

A group  of 11 r a t s  was in jec ted  s.c. w i th  a t o t a l  a m o u n t  
of 800 to  1200 t~g/rat of m e l a t o n i n  g iven  in 4 or 5 t i m e s  
a r o u n d  the  'c r i t ica l  per iod ' .  All of t h e m  ovula ted ,  a n d  
the  m e a n  n u m b e r  of ova  was  n o t  s igni f icant ly  d i f fe ren t  
f rom t h a t  of t he  sa l ine - t r ea ted  animals .  

The  F igure  shows t h a t  an  inverse  re la t ionsh ip  exis t s  
b e t w e e n  t h e  to t a l  a m o u n t s  of i n t r aven t r i cu l a r ly  in jec ted  
me la ton in  and  t h e  m e a n  n u m b e r  of t uba l  ova.  I t  is 
in te res t ing  to  not ice  t h a t  in a ce r ta in  n u m b e r  of r a t s  
ovu la t ion  was  comple t e ly  b locked  even w i t h  t he  lowest  
a m o u n t s  of mela ton in .  

These  resul ts  ind ica te  t h a t  me la ton in  is able to  block 
spon taneous  ovula t ion  i n  t he  r a t  e i ther  comple te ly  or 
pa r t i a l ly  fol lowing in t r aven t r i cu l a r  inject ions .  The com- 
p o u n d  is ineffect ive  w h e n  given s.c. even  if h igher  doses 
are used.  The nega t ive  d a t a  ob ta ined  w h e n  me la ton in  
was admin i s t e r ed  s.c. seem to conf i rm t h e  h y p o t h e s i s  
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Effect on ovulation of intraventrieular (ivt) and s.c. injections of melatonin during the 'critical period' in mature rats 

Groups No. of rats No. of rats Rats ovulating Average of No. of 
treated ovulating (%) ova ovulating rats not 

rat ovulating 

Saline (ivt) 8 8 100 11.7 i 0 .1~ 0 
Melatonin (ivt) 100-500 [~g[rat 19 12 63 5.0 i 0.7~ 7 
Melatonin (s.c 0 800-1200 [zg]rat 11 11 100 10.1 i 0.9 0 

Means -b S.E. b p < 0.0005 vs saline. 
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t h a t  t h e  phys io log ica l  w a y  of sec re t ion  a n d  t r a n s p o r t  
of m e l a t o n i n  is p r o b a b l y  t h r o u g h  t h e  ce reb ro - sp ina l  
f lu id  xL 

Severa l  h y p o t h e s e s  m a y  be  a d v a n c e d  in  o rder  to  
exp l a in  t h e  i n h i b i t o r y  a c t i v i t y  of m e l a t o n i n  o n  ovu la t i on .  
T h e  Mock ing  ac t ion  of t h i s  s u b s t a n c e  m i g h t  b e  due  %o 
i t s  ab i l i t y  to  i n h i b i t  L H  sec re t ion  b y  a c t i n g  on  specific 
b r a i n  r ecep to r s  z3, 20, 2,. 

R e c e n t  d a t a  h a v e  also s h o w n  t h a t  m e l a t o n i n ,  w h e n  
i n j ec t ed  i.v. in  n e w - b o r n  ch i ckens  ~2 or  i m p l a n t e d  in  
sma l l  a m o u n t s  i n t o  t h e  p r e o p t i c  a rea  of ca t s  ~a can  p r oduce  
sleep. I n  add i t ion ,  i n t r a v e n t r i c u l a f l y  and  i.p. a d m i n i s t e r e d  
m e l a t o n i n  is ab le  to  p ro long  t h e  s leeping  ef fec t  of p e n t o -  
b a r b i t a l  24, ~L T h e  s e d a t i v e  a c t i o n  of m e l a t o n i n  ha s  also 
been  d o c u m e n t e d  b y  e lec t rophys io log ica l  t echn iques ,  
w h i c h  show t h e  a p p e a r a n c e  of slow a n d  h i g h  vo l t age  
waves  on  t h e  E E G  a n d  a decrease  of t h e  per iods  of 
p a r a d o x i c a l  sleep~3, ~G-~s. On  t h e  basis  of these  d a t a  one  
m i g h t  p o s t u l a t e  t h a t  m e l a t o n i n ,  ac t ing  as a seda t ive ,  
could b lock  o v u l a t i o n  t h r o u g h  a n  i n h i b i t o r y  effect  exe r t ed  
on  n e u r o n a l  p a t h w a y s  i n v o l v e d  in  t h e  con t ro l  of t h e  
o v u l a t o r y  processes.  Accord ing  to  t h i s  h y p o t h e s i s  t h e  
m o d e  of a c t i o n  of m e l a t o n i n  would  n o t  be  too  d i f f e ren t  
f r o m  t h a t  of b a r b i t u r a t e s  a n d  o t h e r  seda t ives .  

R e c e n t l y  i t  h a s  b e e n  r e p o r t e d  t h a t  p r oges t e r one  of 
a d r e n a l  or ig in  m a y  f ac i l i t a t e  t h e  release Of t h e  o v u l a t o r y  
surge  of LH2L On  t h e  o t h e r  h a n d ,  t he  sec re t ion  of 
p r o g e s t e r o n e  f r o m  t h e  a d r e n a l  g l and  is con t ro l l ed  b y  
p i t u i t a r y  A C T H  3°-~2, Since m e l a t o n i n  ha s  b e e n  r e c e n t l y  
r e p o r t e d  t o  i n h i b i t  A C T H  secre t ion ,  fo l lowing i n t r a -  
v e n t r i c u l a r  i n j ec t i ons  33, a t h i r d  h y p o t h e s i s  one  m i g h t  
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f o r m u l a t e  is t h a t  m e l a t o n i n  i nh ib i t s  o v u l a t i o n  b y  p r even -  
t i ng  t h e  release of p roges t e rone  f rom the  a d r e n a l  g land.  

F ina l ly ,  one  m i g h t  also hypo the s i ze  t h a t  m e l a t o n i n  
b locks  o v u l a t i o n  because  of i t s  ab i l i t y  to  inc rease  b r a i n  
s to res  of s e r o t o n i n  34. KORDON e t  al. as h a v e  r ecen t ly  found 
that the blockade of ovulation induced by the administra- 
tion of monoaminooxidase inhibitors is specifically linked 
to increased brain serotonin levels. It is quite possible 
that these 4 proposed mechanisms might coexist, mela- 
tonin inhibiting ovulation through a combination of its 
effects.  

Rdsumd. L ' i n j e c t i o n  de  m61atonine  d a n s  u n  des  ven-  
t r icules  l a t 6 r a u x  du  ce rveau  de  r a t t e s  adul tes ,  p e n d a n t  
la  , p6 r iode  c r i t i q u e ,  du  pro-ces t rus ,  i nh ibe  l ' o v u l a t i o n  
spon tan4e ,  e n t r a i n a n t  une  d i m i n u t i o n  s ign i f i ca t ive  soi t  

d u  n o m b r e  de r a t t e s  qu i  ovu len t ,  so i t  du  n o m b r e  moyerr  
d 'oeufs tuba i res .  
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I d e n t i t y  o f  a C I a i r n e d  G r o w t h - P r o m o t i n g  Factor  

]3ozovid,  ]]OSTR~M a n d  B o z o v l d  a r e c e n t l y  c l a imed  
t h a t  t h e y  h a d  f r o m  calf  musc le  i so la ted  a g rowth -  
p r o m o t i n g  fac to r  w h i c h  s t i m u l a t e d  t h e  t r a n s p o r t  of 
a m i n o  acids in to  i so la ted  r a t  d i a p h r a g m  a n d  w h i c h  
f u r t h e r m o r e  p r o m o t e d  p r o t e i n  syn thes i s .  T he  conclus ions  
were b a s e d  on  e x p e r i m e n t s  w i t h  x~C-AIB a n d  x4C-leucine. 

I t  was  f u r t h e r m o r e  sugges ted  t h a t  th i s  f ac to r  was  
d e p e n d e n t  on  g r o w t h  ho rmone ,  t h u s  ag ree ing  w i t h  
KOSTYO'S 2 h y p o t h e s i s  conce rn ing  a p o l y p e p t i d e  or  pro-  
t e in  f i rs t  be ing  syn thes ized  b y  t he  g r o w t h  h o r m o n e  a n d  
t h a t  t h i s  s u b s t a n c e  could be respons ib le  for t he  a c t i o n  
on  t he  i so la ted  r a t  muscle.  The  g r o w t h - p r o m o t i n g  f ac to r  


