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Effects of Melatonin  and Serotonin  on l~C-Glucose 

R e c e n t l y ,  m e l a t o n i n  h a s  b e e n  i d e n t i f i e d  i n - b t d o d  u s i n g  
m a s s  s p e c t r o s c o p y  ~. E v i d e n c e  of  p e r i p h e r a l  a c t i o n  of  
m e l a t o n i n  o n  g o n a d s  a n d  c e r t a i n  b l o o d  c o n s t i t u e n t s  h a v e  
a l so  b e e n  d e s c r i b e d  p r e v i o u s l y  ~, 3. T h e  c u r r e n t  s t u d y  w a s  
u n d e r t a k e n  to  i n v e s t i g a t e  t h e  e f f ec t s  of  m e l a t o n i n  a n d  
s e r o t o n i n  o n  g l u c o s e  m e t a b o l i s m  in  r a b b i t  a d i p o s e  t i s s u e  
in  v i t r o  4. 

Mater ials  and methods. T h e  m e l a t o n i n  ~ a n d  s e r o t o n i n  
we re  o b t a i n e d  f r o m  S i g m a  C h e m i c a l  Co., St .  L o u i s ,  Mo.  
T h e  e x p e r i m e n t s  w e r e  p e r f o r m e d  o n  r a b b i t  p e r i r e n a l  f a t  
p a d s  u s i n g  t h e  m e t h o d  of  TANAKA e t  al.  6 w i t h  t h e  fo l low-  
i n g  m o d i f i c a t i o n s :  u n i f o r m l y  l a b e l e d  ~4C-glucose w a s  
u s e d  as  t h e  t r a c e r  in  t h e s e  e x p e r i m e n t s ;  ~CO2 w a s  
c o l l e c t e d  in  c e n t e r  we l l s  u s i n g  h y a m i n e  h y d r o x i d e .  T h e  
f a t  p a d s  a n d  m e d i u m  were  a n a l y z e d  t o g e t h e r .  L i p i d s  
w e r e  e x t r a c t e d  b y  t h e  m e t h o d  of  DOLE a n d  MEINERTZ 7. 
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Fig. 1. Effect of serotonin and melatonin on 14C-glucose oxidation in 
rabbit adipose tissue. Statistically significant effect (p < 0.01) 
were noted at 10 ~zg/ml, while no effects were seen with serotonin 
even at higher concentrations. Each point represents mean values of 
6 experimental samples expressed as percentages of the control, 
arbitrarily fixed at 100%. The vertical lines indicate • S.E.M, 
** P < 0.01. The values for significance are based on the difference 
between the experimental and control results. 
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Fig. 2. Effects of melatonin and serotonin on 14C-glyeeride-glycerol 
synthesis. Both melatonin  and serotonin decreased the incorporation 
of 14C-glucose into glyeeride-glycerol fractions. Significant p-values 
are indicated, Each point represents mean values of 6 experimental 
samples expressed as percentages of the control, arbitrarily fixed at 
100%. The vertical lines indicate :~ S.E.M. * p < 0.05. The values for 
significance are based on the difference between experimental and 
control results. 

M e t a b o l i s m  in Rabbit  Adipose  T i s sue  

O n e  p o r t i o n  o f  t h e ~ h e p t a n e  l a y e r  w a s  b r o u g h t  t o  d r y n e s s  
in  a c o u n t i n g  v i a l  a n d  t h e  l ip id  c o n t e n t  w a s  d e t e r m i n e d  
g r a v i m e t r i c a l l y  b e f o r e  a d d i n g  s c i n t i l l a t o r  to  t h e  c o u n t i n g  
v i a l  t o  d e t e r m i n e  t o t a l  l ip id  r a d i o a c t i v i t y .  A s e c o n d  h e p -  
t u n e  a l i q u o t  w a s  d r i e d  a n d  t h e n  s a p o n i f i e d  w i t h  t h e  5 m l o f  
0 .05 M K O H  in  8 5 %  e t h a n o l  for  90 r a i n  a t  75~ F a t t y  
a c i d s  w e r e  t h e n  e x t r a c t e d  b y  t h e  m e t h o d  of  Bb~GSTROM s 
u s i n g  N - h e p t a n e  as  s o l v e n t .  A p o r t i o n  of  t h e  h e p t a n e  
e x t r a c t  w a s  e v a p o r a t e d ,  w e i g h e d  g r a v i m e t r i c a l l y ,  a n d  
c o u n t e d .  T h e  g l y c e r i d e - g l y c e r o l  i n c o r p o r a t i o n  w a s  t h e n  
d e t e r m i n e d  as  t h e  d i f f e r e n c e  b e t w e e n  t h e  t o t a l  l i p id  
r a d i o a c t i v i t y  a n d  t h e  f a t t y  a c id  r a d i o a c t i v i t y .  

Al l  c o u n t i n g  w a s  d o n e  u s i n g  l i q u i d  s c i n t i l l a t i o n  s p ec -  
t r o m e t r y  in  a N u c l e a r  C h i c a g o  I s o c a p  300 S y s t e m  T h e  
s c i n t i l l a t o r  w a s  p r e p a r e d  w i t h  3 %  P P O  a n d  0 . 1 %  P O P O P  
in  t o l u e n e .  

D P M  were  c a l c u l a t e d  u s i n g  a n  e x t e r n a l  s t a n d a r d  r a t i o  
w i t h  t h e  a id  of  a n  O l i v e t t i  602 C o m p u t e r  S y s t e m .  T h e  
v a r i o u s  e x p e r i m e n t s  we re  c o m p a r e d  t a k i n g  t h e  c o n t r o l s  as  
1 0 0 % ,  a n d  o t h e r  e f f ec t s  we re  d e t e r m i n e d  as  p e r c e n t a g e s  
of  t h e  c o n t r o l  v a l u e s .  S t a t i s t i c a l  a n a l y s i s  w a s  p e r f o r m e d  
u s i n g  t h e  a n a l y s i s  of  v a r i a n c e  a n d  t h e  S t u d e n t ' s  t - t e s t  ~ 
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unknown. The doses used (1-10 lxg/ml) are arbitrary and are in 
accordance with those used in similar experiments 12. The effects 
noted at these levels may  be physiological or pharmacological. 
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Fig, 3. Effect of melatonin and serotonin on l~C-fatty acid synthesis 
from 14C-glucose. Melatonin inhibited 14C-fatty acid synthesis while 
serotonin did not show similar effects. Each value represents mean 
values of 6 experimental samples expressed as percentages of control, 
arbitrarily fixed at 100%. The vertical lines indicate i S.E.M. 
* P < 0.05 ; ** p < 0.01. The values for significance are based on the 
difference between the experimental and control results. 
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Results. E//ect o[ melatonin. M e l a t o n i n  decreased ~*C- 
glucose o x i d a t i o n  to ~CO2 a t  c o n c e n t r a t i o n  of 10 ~g/ml  
S imul taneous ly ,  i t  decreased  i ts  i nco rpo ra t i on  in to  
glycer ide-glycerol  f r ac t ion  a t  a level  of 5 ~zg/ml and  in to  
f a t t y  acids a t  c o n c e n t r a t i o n  of 1 ~g/ml  (Figures  1-3). 

E]/ect o/serotonin. Sero ton in  d id  no t  h a v e  a n y  s ta t i s t i -  
cal ly s igni f icant  effect  on  glucose oxd i a t i on  or f a t t y  acid 
syn thes i s  a t  concen t r a t i ons  even  h ighe r  t h a n  10 tzg/ml. A 
decrease  in glucose i n c o r p o r a t i o n  in to  t he  glyceride-  
glycerol  f r ac t ion  was n o t e d  a t  t he  10 ~g level  (Figures 1-3). 

Discussion. A l t h o u g h  m e l a t o n i n  a n d  se ro ton in  are 
s t r u c t u r a l  analogues ,  t h e i r  effects on  glucose m e t a b o l i s m  
a p p e a r  to  be  different .  Me la ton in  decreased ~aC-glucose 
ox ida t ion  whi le  se ro ton in  was inact ive .  Me la ton in  

10 j .  AXELROD, Science 184, 1341 (1974). 
n This research was supported by Veterans Administration Institu- 

tional Funds at the Veterans Administration Hospital, Northport, 
New York 11768, USA. The authors wish to acknowledge the 
secretarial assistance of Mrs. GRAC~ NA~JOH~ON of the Research 
Service, Veterans Administration Hospital, Northport, in the 
preparation of this paper. 

1~ C. E. LEGRA~D, Endocrinology 90, 17 (1962). 

decreased ~4C-glucose i n c o r p o r a t i o n  in to  glyceride-  
glycerol  f rac t ions  a n d  se ro ton in  showed  q u a l i t a t i v e l y  
s imi lar  effects. Me la ton in  decreased  ~4C-fatty acid syn thes i s  
while  se ro ton in  d id  no t  show s imi la r  effects. These  d a t a  
ind ica te  t h a t  m e l a t o n i n  m a y  h a v e  p e r i p h e r a l  effects, o the r  
t h a n  those  descr ibed  previously~,  ~, a n d  i ts  p e r i p h e r a l  
i n h i b i t o r y  effects ~o m a y  p a r t l y  be  m e d i a t e d  b y  i ts  effects 
on glucose me tabo l i sm.  The  phys io logica l  s ignif icance of 
these  obse rva t i ons  in  r egu la t ion  of l ip id  m e t a b o l i s m  in v ivo  
is a t  p r e sen t  u n c e r t a i n  and  r e m a i n s  to  be e luc ida ted  n.  

Rdsumd, Nous  avons  6tudi6 les effets  de la m61atonine  
et  de la s6ro tonine  sur  le m 6 t a b o l i s m e  du 14C-glucose dans  
le t i ssu  ad ipeux  du  lapin.  La  m61atonine  semble  i n h i b e r  la  
syn th~se  des acides gras e t  l ' o x i d a t i o n  du  glucose alors 
que  la s6ro ton ine  est  sans  act ion.  L a  m6Ia ton ine  et  la 
s6ro tonine  e m p ~ c h e n t  l ' i n c o r p o r a t i o n  du  ~4C-glucose 
dans  la f r ac t i on  glyc6ride-glyc6rol.  

G. G. MURTHu and R. R. MODESTO 

Research Building 6], Veterans Administration Hospital, 
Northport (New York J7768, USA), 75 August 7974. 

Hormonal  Imputs  and Brain Tryptophan Metabolism: the Effect of Growth Hormone 

A large b o d y  of e x p e r i m e n t a l  ev idence  in an i ma l s  and  
in t he  h u m a n  has  a c c u m u l a t e d  in r ecen t  years  for t he  
p a r t i c i p a t i o n  of b r a i n  m onoam i nes ,  n o r e p i n e p h r i n e  (NE), 
d o p a m i n e  (DA) and  se ro ton in  (5-HT) in t he  neuro-  
h o r m o n a l  con t ro l  of an t e r i o r  p i t u i t a r y  (AP) h o r m o n e s  L 

Much  a t t e n t i o n  ha s  been  g iven  to  t he  presence  of 
se ro toninerg ic  pa thway( s )  m e d i a t i n g  neu roendoc r ine  
regu la t ion  of g o n a d o t r o p i n s  and  p ro t ac t i n  secret ion.  
I n t r a v e n t r i c u l a r  ins t i l l a t ion  of 5 -HT in t h e  r a t  e n h a n c e d  
p ro l ac t i n  c o n c e n t r a t i o n  in  t he  pe r iphe ra l  p l a s m a  and  
decreased  p l a s m a  c o n c e n t r a t i o n s  of gonadot rop ins2 .  
Sys temic  a d m i n i s t r a t i o n  of 5 -HT precursors ,  1 - t r y p t o p h a n  
(TP) or 5 - h y d r o x y - L - t r y p t o p h a n  (5-HTP)  increased 
se rum p r o l a c t i n  concen t r a t i ons  in  b o t h  l a b o r a t o r y  
a n i m a l  3 a n d  t h e  h u m a n 4 ;  5 - H T P  has  also been  impl i ca t ed  
in t he  con t ro l  of g r o w t h  h o r m o n e  (GH) release in t he  
h u m a n  ~, a f ind ing  no t  co r robo ra t ed  b y  o the r  s tudies% 

Studies  on  t h e  effect  of v a r y i n g  endocr ine  func t i on  on  
5 -HT m e t a b o l i s m  h a v e  also been  repor ted ,  t h o u g h  mos t  
have  been  concerned  w i t h  the  effects of ad r ena l  s te ro ids  ~-~0. 
Here  we r epo r t  d a t a  on  b r a i n  5 -HT m e t a b o l i s m  in two 
e x p e r i m e n t a l  cond i t ions  wh ich  h a v e  in c o m m o n  a lack of 
p i t u i t a r y  G H  a n d  refer  also to t he  effect  of a G H  replace-  
m e n t  t he r apy .  

Fema le  Sp rague -Dawley  r a t s  were o b t a i n e d  a t  weaning,  
fed a s t a n d a r d  l a b o r a t o r y  d ie t  ad  lib, m a i n t a i n e d  a t  
22 ~ 2~ and  exposed  to  14 h of l igh t  each  day  (06.00- 
20.00 h). E x p e r i m e n t s  were pe r fo rmed  15 days  fol lowing 
h y p o p h y s e c t o m y  in 40-day-old  rats .  A g e - m a t c h e d  i n t a c t  
r a t s  were used as controls .  On the  day  of t he  e x p e r i m e n t  
an ima l s  were ki l led b y  d e c a p i t a t i o n  be t w een  08.30-09.00 h. 
B r a i n  was removed ,  weighed  and  s tored  a t  - -20~  un t i l  
a ssayed  for TP,  5 -HT a n d  5 -hydroxy indo leace t i c  acid 
(5-HIAA)11,1~. B r a i n  c o n c e n t r a t i o n s  of b o t h  T P  a n d  5- 
t t I A A  were m a r k e d l y  h igher  in  h y p o p h y s e c t o m i z e d  ra t s  
t h a n  in a g e - m a t c h e d  i n t a c t  controls ,  whi le  b r a i n  5 -HT 
levels were c o m p a r a b l e  in  t he  two groups  (Table  I). I t  is 
genera l ly  recognized t h a t  t h e  r a t e  of 5 -HT f o r m a t i o n  in 
t he  b r a i n  is r egu la t ed  p r inc ipa l ly  b y  t he  a v a i l a b i l i t y  of t he  

a m i n o  acid p recursor  TP,  t he  n o r m a l  c o n c e n t r a t i o n  of 
wh ich  in t i ssues  is below the  K m  for t he  f i rs t  e n z y m e  in 
5 -HT b i o s y n t h e t i c  p a t h w a y ,  t r y p t o p h a n  h y d r o x y l a s e  ~8. 
The  f ind ing  t h a t  h y p o p h y s e c t o m i z e d  ra t s  h a d  e l eva ted  
b r a i n  T P  levels, and  t he  r epo r t ed  i n a b i l i t y  of h y p o p h y s -  
e c t o m y  to affect  b r a i n  T P  h y d r o x y l a s e  ~, sugges t  t h a t  
p i t u i t a r y  a b l a t i o n  m a y  be  assoc ia ted  w i t h  a n  increased  
b r a i n  5 -HT me tabo l i sm.  The  o b s e r v a t i o n  t h a t  b r a in  
5 - H I A A  concen t r a t i ons  were also increased  b y  hypo-  
p h y s e c t o m y  f u r t h e r  s u b s t a n t i a t e s  t h i s  hypo thes i s .  How-  
ever, an  a l t e r a t i o n  of 5 - H I A A  ef i lux  r a t e  f rom the  b r a i n  
c a n n o t  be  exc luded  a t  present .  

T h e  effect  of h y p o p h y s e c t o m y  on b r a i n  5 -HT m e t a b -  
ol ism could be  ascr ibed  to t he  def ic iency of one or more  
h o r m o n a l  product (s )  secre ted  b y  t h e  A P  itself  or b y  a 
pe r iphe ra l  t a r g e t  g l and  u n d e r  A P  r e g u l a t o r y  control .  
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