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800 or  650 s ta rch .  A t  9 weeks of age, t h e  r a t s  were killed. 
Samples  of f a t  f r om t he  lef t  e p i d i d y m a l  or p e r i o v a r i a n  
p a d  were f rozen in l iqu id  n i t rogen .  Ad ipocy te s  of a 20 m g  
sample  were c o u n t e d  b y  t he  m e t h o d  p rev ious ly  descr ibed,  
us ing  t he  F N  Coul te r  C o u n t e r L  Brief ly ,  t he  sample  was 
i n c u b a t e d  in a so lu t ion  of 20 g d m  -3 osmic acid for 3 days  
a t  37 ~ a n d  h o m o g e n i z e d  to  re lease  t h e  solidified ad ipo-  
cy tes  for coun t ing .  Resu l t s  were expressed  as n u m b e r  of 
ad ipocy te s  pe r  ~g of ad ipose  t i ssue  1.. A p p r o x i m a t e l y  
150 m g  samples  of f a t  p a d  were homogen ized  w i t h  2 :1  
c h l o r o f o r m : m e t h a n o l  for  2 ra in  a n d  t h e  f a t  so e x t r a c t e d  
was  weighed to  c o n s t a n t  weight .  5 g samples  of dr ied  a n d  
g r o u n d  carcass  were  a n a l y s e d  for f a t  b y  Soxh l e t  us ing  
60-80 p e t r o l e u m  e ther .  F r o m  th i s  da ta ,  t h e  t o t a l  n u m b e r  
of ad ipocy te s  in  t he  r a t  were e s t ima ted .  
Results and discussion. T he  low p r o t e i n  d ie t  caused  a 
50% s t u n t i n g  of g rowth ,  whi le  t h e  smal l - l i t t e r  r a t s  were 
35% heav ie r  t h a n  t h e  controls .  Because  ad ipocy t e  con-  
c e n t r a t i o n s  were  a l m o s t  t h e  s ame  for males  (7.4 ~g-1) a n d  
females  (7.9 ~g-1), t he  resu l t s  for b o t h  sexes were pooled 
for S t u d e n t ' s  t - t e s t .  R a t s  fed t he  low p r o t e i n  d ie t  h a d  a 
lower  c o n c e n t r a t i o n  of a d i p o c y t e s  t h a n  t he  con t ro l s  
(p < 0.05). Also t h e  c o n c e n t r a t i o n  of ad ipocy tes  of t he  
sma l l - l i t t e r  r a t s  was  less t h a n  t he  con t ro l s  (p < 0.02). 
E x p r e s s e d  in a n o t h e r  way,  b o t h  t h e  smal l - l i t t e r  and  low 
p r o t e i n  fed r a t s  h a d  la rger  a d i p o c y t e s  t h a n  t h e  controls .  
Ca lcu la t ion  of t h e  n u m b e r s  of a d i p o c y t e s  in t he  whole  r a t  
a lways  requ i res  an  a s s u m p t i o n  t h a t  t h e  adipose  t i ssue  
ana lyzed  is r e p r e s e n t a t i v e  of all  t h e  m a n y  d i f fe ren t  sites. 
I t  is k n o w n  t h a t  t h i s  a s s u m p t i o n  is n o t  s t r i c t ly  t rue ,  so t he  
e s t ima te s  of t o t a l  ad ipocy te s  m u s t  be  t r e a t e d  w i t h  cau t i on  
a n d  were  n o t  s ta t i s t i caUy ana lyzed .  However ,  i t  is no t e -  
w o r t h y  t h a t  t he  low p r o t e i n  d ie t  Caused a m a r k e d  s t u n t i n g  
in g rowth ,  b u t  t he re  was m u c h  less effect  on  the  n u m b e r  

of ad ipocy te s  in these  ra ts .  I t  appea r s  t h a t  t h e  endo-  
genous  con t ro l  of a d i p o c y t e  p r o d u c t i o n  was n o t  m u c h  
af fec ted  b y  th i s  p a r t i c u l a r  diet ,  and  t h e  r a t s  were able  to  
s tore  a p p r o x i m a t e l y  as m u c h  f a t a s  t he  controls .  The  d a t a  
also suggests  a sex di f ference in response  to  t h i s  diet ,  a n d  
t h i s  requi res  f u r t h e r  inves t iga t ion .  The  s m a l M i t t e r  r a t s  
h a d  a g rea t e r  n u m b e r  of ad ipocy te s  t h a n  t h e  cont ro ls ;  
w h i c h  is c o n s i s t e n t  w i t h  t h e  f ind ings  of K n i t t l e  a n d  
Hi r sch3 ;  also t he  sizes of ad ipocy te s  q u o t e d  b y  t h e m  for 
t h e  same  s t r a i n  a t  9 weeks  old  were s imi la r  for sma l l  (4) 
a n d  large (22) l i t t e r  male  r a t s  c o m p a r e d  to  t h e  f igures 
o b t a i n e d  in t h i s  e x p e r i m e n t .  
I n  conclus ion,  i t  appea r s  t h a t  m o s t  of t h e  con t ro l  n u m b e r  
of ad ipocy te s  are p r e sen t  in  r a t s  fed a low p ro t e in  d ie t  
before  t he  per iod  of ' c a t c h  up '  g rowth ,  a n d  t h i s  could he lp  
to exp la in  h o w  the  we igh t  c an  increase  so r a p i d l y  w h e n  a 
good d ie t  is g iven  to  p rev ious ly  m a l n o u r i s h e d  ra ts .  
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Summary. The  levels of sero tonin ,  d o p a m i n e  and  n o r e p i n e p h r i n e  e x h i b i t  seasonal  changes  in  t he  cen t r a l  ne rvous  s y s t e m  
of Myt i lus  edulis.  These  m o n o a m i n e s  were h igher  d u r i n g  t he  s u m m e r  a n d  lower d u r i n g  t h e  win ter .  

V a r i a t i o n s  in  s e ro ton in  (5-HT) levels  h a v e  been  d e m o n -  
s t r a t e d  in r a t  1, ca t s  2, t u r t l e s  a a n d  gas t ropod  mol luscs  4, 5. 
Seasona l  v a r i a t i o n s  in  5 -HT levels  h a v e  been  d e m o n -  
s t r a t e d  in m a m m a l s  8, 7 a n d  g a s t r o p o d  mol luscs  ~, 5. Va r ious  
i nves t iga to r s  h a v e  sugges ted  t h a t  these  seasanol  mono-  
a m i n e  changes  m a y  also occur  in  b i v a l v e  molluscs  s, s-10. 
However ,  a s t u d y  d i rec ted  a t  th i s  p h e n o m e n a  has  n o t  
been  pe r fo rmed  u n t i l  now. 
Materials and methods. S u b t i d a l  M. edul is  were col lected 
f rom t h e  shores  of Long  I s l a n d  S o u n d  a t  New Rochel le ,  
N.Y.  The  a n i m a l s  were r a n d o m l y  chosen  on or a b o u t  t he  
18th d a y  of each  m o n t h  for a year ,  W i t h i n  40 ra in  f rom 
t h e  t i m e  of col lec t ion  t he  t o t a l  c e n t r a l  ne r vous  s y s t e m  
(CNS) (2 cerebral ,  2 p e d a l  a n d  2 v i scera l  ganglia)  of 4 
a n i m a l s  was  excised a f t e r  be ing  f rozen w i t h  d r y  ice chips.  
T h e  CNS ~ a s  t h e n  sub j ec t ed  t o  t h e  e x t r a c t i o n  p rocedure  
or was  s to red  for n o t  more  t h a n  3 days ,  f rozen over  P , O  5. 
T h e  e x t r a c t i o n  p rocedu re  was  ca r r ied  ou t  in  t he  cold 
accord ing  to  t h e  m e t h o d  of She l l enberge r  and  Gorgon  1~. 
D o p a m i n e  (DA) a n d  5 -HT were  quan t i f i ed  spect ro-  
f l uo rome t r i ca l ly  accord ing  tO t h e i r  me thod ,  whi le  
n o r e p i n e p h r i n e  (NE) was  o~uantified b y  t h e  m e t h o d  of 
A n i o n  a n d  Sayre  12. 

Results and discussion. T h e  CNS of M. edul is  c o n t a i n s  
5-HT, D A  a n d  smal l  a m o u n t s  of NE.  The  levels of 5 -HT 
m M. edulis  h a v e  been  r epo r t ed  to v a r y  cons ide r ab ly  la. 
Th i s  va r i ence  can  n o w  be  a t t r i b u t e d  a t  l eas t  in  p a r t  
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t o  seasona l  differences  in  t he  endogenous  5 -HT levels.  
An ima l s  sacr i f iced a t  d i f f e ren t  t ime  per iod  d u r i n g  t he  
same  d a y  d id  n o t  d i sp lay  t h e  large v a r i a t i o n  d e m o n s t r a t e d  
in t he  yea r ly  s tudy ,  b u t  d id  d i sp lay  a v a r i a t i o n  of f rom 
5 to  10% of t he  m e a n  da i ly  value .  
I n  e x a m i n i n g  t he  5 -HT levels  for t h e  yea r  i t  now  seems 
qu i t e  clear  t h a t  t he  levels c h a n g e d  d r a m a t i c a l l y  d u r i n g  
t h e  course  of t he  e x p e r i m e n t  ( table).  S u m m e r  levels  of 
5 -HT were a p p r o x i m a t e l y  twice  those  found  d u r i n g  t h e  
win ter .  D u r i n g  A u g u s t  a n d  D e c e m b e r  t h e  c a t e c h o l a m i n e  
c o n t e n t  was  also d e t e r m i n e d  for t h e  same  an i ma l s  in 
a d d i t i o n  to  e s t i m a t i n g  5 -HT levels.  D u r i n g  A u g u s t  t he  
D A  c o n t e n t  was  37.25 + 0.6 ~tg/g (mean  =k SEM) a n d  
N E  was 3.57 =k 0.52 ~xg/g as c o m p a r e d  to  D e c e m b e r  w h e n  
t he  va lues  d r o p p e d  to 15.55 4- 0.52 a n d  2.10 + 0.11, 
respect ive ly .  These  va lues  were found  to  be  s t a t i s t i ca l ly  
s ign i f i can t  (p < 0.005). T h e  D A  a n d  N E  levels  va r i ed  
in the  same  m a n n e r  as 5-HT, t h a t  is h i g h  d u r i n g  t he  
s u m m e r  a n d  low d u r i n g  t h e  win ter .  The  s u m m e r  va lues  
also are  a p p r o x i m a t e l y  twice  those  found  d u r i n g  t h e  
win ter .  I n  A u g u s t  and  D e c e m b e r  t h e  a m o u n t  of 5 -HT 

Serotonin ([zg/g 4- SEM) was determined spectrofluorometrically for 
the CNS (2 cerebral, 2 pedal and 2 visceral ganglia) of M. edulis 

Month N Serotonin (~.g]g 4- SEM) 

January 8 25.10 -t- 2.71 
February 4 26.96 i 2.11 
March 4 32.17 • 3.85 
April 4 41.98 -t- 1.22" 
May 4 48.15 :]: 1.02"* 
June 4 53.13 4- 1.71'* 
July 4 51.74 -q- 3.14"* 
August 4 57.28 4- 2.49** 
September 4 48.90 -q- 1.13" 
October 4 44.80 -4- 1.51" 
November 4 35.71 i 2.70"** 
December 4 28.97 4- 2.64 

N is the number of animals assayed. Significance was determined by 
a one-tailed Student's t-test. Comparisons for significance were made 
by comparing January to the rest of the months. * p < 0.005, 
�9 * p < 0.001, *** p < 0.05. 

to  D A  was 1.5 and  1.8, respec t ive ly .  Since these  va lues  
r e m a i n e d  r e l a t ive ly  c o n s t a n t  th i s  m a y  sugges t  a n  in te r -  
r e l a t i onsh ip  be tween  5 -HT a n d  D A  as d e m o n s t r a t e d  for  
these  an ima l s  13. 
I n  M. edulis  York  a n d  Twarog  9 n o t e d  changes  in t h e  
5 -HT c o n t e n t  of t h e  p e d a l  gangl ia  d u r i n g  M a r c h  a n d  Apr i l  
(5.4-8.6 to  26-42 [~g/g). The  p r e s e n t  s t u d y  also d e m o n -  
s t r a t e d  a s h a r p  increase  in t h e  5 -HT levels d u r i n g  t h i s  
t i m e  per iod.  Therefore  s tud ies  i nvo lv ing  m o n o a m i n e  
m e t a b o l i s m  m u s t  be  aware  of these  level  changes  w h i c h  
m a y  also inf luence  t he  o rgan i sms  sens i t i v i ty  t o w a r d  
e n d o g e n o u s  and  exogenous  agents .  These  seasonal  changes  
m a y  p l a y  a d o m i n a n t  role in  t h e  o rgan i sms  b e h a v i o r  
p a t t e r n  5. The  r e p r o d u c t i v e  cycle of t h e  a n i m a l  cons is t s  
of severa l  seasonal  phases  : d e v e l o p m e n t  of res t ing  gonads  
(fall), gametogenes i s  (winter) ,  s p a w n i n g  (spring), r ap id  
gametogenes i s  (early summer )  a n d  res t ing  s t a t e  1~. The  
t i m e  sequence  of t he  a b o v e  cycle wh ich  is for t he  Eng l i sh  
coas t  c an  v a r y  f rom h a b i t a t e  to  h a b i t a t e .  I n  Long  I s l and  
S o u n d  where  our  a n i m a l s  were col lected t he  cycle is 
v e r y  s imi la r  15. Metabo l ic  a c t i v i t y  is also seasonal ,  gly-  
cogen accumula t e s  d u r i n g  n o n r e p r o d u c t i v e  per iods  1. 
a n d  falls in  t he  win te r .  L ip ids  b e h a v e  in a n  oppos i te  
m a n n e r  16. S tudies  of e n v i r o n m e n t a l  fac tors  a f fec t ing  
these  cycles are va r i ed  a n d  o f t en  con t r ad i c to ry .  However ,  
t e m p e r a t u r e  changes  a n d  neu rosec re to ry  a c t i v i t y  are  
k n o w n  to  p l ay  i m p o r t a n t  roles XL Recen t ly ,  s h o r t - t e r m  
t e m p e r a t u r e  changes  h a v e  b e e n  shown  to  a l t e r  m o n o a m i n e  
m e t a b o l i s m  in t he  CNS of M. edulis  ~8. Direc t  cor re la t ion  
of our  f ind ings  to  t he  c i r c a n n u a l  b e h a v i o r  of M. edulis  
can  n o t  be  m a d e  a t  t h i s  t ime.  However ,  t he  r e g u l a t o r y  
a c t i v i t y  of b iogenic  a m i n e s  in  o t h e r  o rgan i sms  would  
s t rong ly  sugges t  i n t e r r e l a t ionsh ips .  T h e  a u t h o r s  are  pre -  
p a r i n g  a more  de ta i l ed  r e p o r t  on  fac to rs  w h i c h  m a y  
mod i fy  these  seasonal  m o n o a m i n e  changes  ( t empera tu re ,  
p h o t o p e r i o d  a n d  food ava i lab i l i ty ) .  
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Summaryl I m a g e s  w i t h  a p p a r e n t l y  gemmulo fuga l  p o l a r i t y  in  t he  E P L  of t he  o l fac to ry  b u l b  are t he  r e su l t  of sect ioning,  
a long  mis lead ing  planes,  g e m m u l o p e t a l  synapses  c o n t a i n i n g  p o s t s y n a p t i c  vesicles. Unless  one accep t s  a b id i r ec t iona l  
c o n d u c t i o n  for chemica l  synapses ,  t he  i n t e r n a l  g ranu le  cells lack ac tua l  gemmulo fuga l  synapses  a n d  t he  n e u r o t r a n s -  
m i t t e r  c o n t a i n e d  in t h e i r  vesicles m u s t  ac t  a t  n o n - s y n a p t i c  m e m b r a n e s .  

I t  is genera l ly  accep ted  t h a t  m o s t  synapses  p e r m i t  t r a n s -  
n e u r o n a l  s ignal l ing  b y  m e a n s  of local ized chemica l  
r eac t i ons  lead ing  to  specific s u b s y n a p t i c  changes  in 
ionic  p e r m e a b i l i t y .  Bu t ,  does  t h i s  necessar i ly  en ta i l  t h a t  
t h a t  chemica l  n e u r o t r a n s m i s s i o n  should  be  assoc ia ted  
exc lus ive ly  w i t h  t h e  p resence  of synapses  ? I t  h a s  been  
r epo r t ed  t h a t  t h e r e  is a s t r i k ing  d i s c r epancy  b e t w e e n  t he  
t h e  large  n u m b e r  of s y n a p t i c  vesicles p r e s e n t  in t h e  gem- 

mules  of t he  i n t e r n a l  g ranu le  cells of t i le  o l fac tory  b u l b  
a n d  t he  sca rc i ty  or, v e r y  likely,  t o t a l  absence  of gemmulo -  
fugal  synapses  2. I n  t h i s  region,  g e m m u l o p e t a l  synapses  
c an  be  easi ly  ident i f ied  (figure 1, b l a c k  arrows) because  
of t h e  se lect ive  ves icu la r  a c c u m u l a t i o n  on t he  side 
of t he  m i t r a l  or t u f t e d  profile.  However ,  m a n y  syn-  
apses  c an  be  seen in t h e  e x t e r n a l  p l ex i fo rm layer  w i t h  
c lus te rs  of vesicles apposed  to  b o t h  s ides of  t he  j u n c t i o n  


