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s l ight ly  (cf. 3-4 and  7-8), whereas  ganglionic 'off '  a c t i v i ty  
d i sappea red  comple te ly .  Thus,  a small  decrease  in l ight ,  
regardless  of the  ini t ial  absolute  in tens i ty ,  is a p p a r e n t l y  
no t  a suff ic ient  s t imulus  for the  ganglionic 'off '  response  
a l though  behav io ra l  shadow reflexes occur in response  to  
s tep  decreases  of as low as 0.5 % 10 
'On '  response  ac t i v i t y  appears  to  be p r e d o m i n a n t  in t he  
la tera l  lobe of t he  ganglion,  a funct ional  opt ic  lobe 12, and  
responds  w i t h o u t  d e c r e m e n t  a t  f requencies  of 5-6 Hz  
(figure 2 B). Mechanica l ly-evoked ac t iv i ty  f rom the  man t l e  
also appear s  no t  to  en te r  t he  lateral  lobe (figure 1C). I f  
shadow response  behav ior  relies on ac t iv i ty  in 'off '  f ibre 
t r ac t s  a, our  resul ts  suggest  t h a t  these fibres synapse  a t  
sites wi th in  the  gangl ion o the r  t h a n  in the  la tera l  lobes, 
p e r h a p s  d i rec t ly  in the  dorso-cent ra l  (motor) lobes. The 
func t ion  of t he  la tera l  lobe, sugges ted  in p a r t  b y  i ts  

in t r ica te  g lomerular  s t ruc tu re  12, is a p p a r e n t l y  concerned 
w i t h  more  complex  behaviors  such as o r i en ta t ion  to  
boundar ies  in t he  visual  field 10. 
An a l t e rna t ive  in t e rp re t a t i on  of t he  p r e s en t  results  would  
suggest  t h a t  'on '  ac t iv i ty ,  incorpora t ing  in tegra t ion  of 
b o t h  spat ia l  and  t empora l  fea tures  of t he  s t imulus,  m a y  
t r igger  t he  shadow reflex. Some evidence for th is  hypo-  
thesis exis ts  since, in our exper ience  and  from o the r  ex- 
p e r i m e n t s  1~ shadows  p roduced  b y  un i fo rm darkening  of 
the  visual  field are typ ica l ly  ineffectual .  Ra the r ,  an 
effect ive s t imulus  for va lve  closure a lways involves move-  
ment ,  a s i tua t ion  in which  the  more  p r edominan t ,  r ap id ly  
respond ing  'on '  receptors  would  be re- i l luminated  follow- 
ing t r ans i en t  shadow periods.  F u r t h e r  expe r imen ta t i on  is 
needed  to  resolve the  cent ra l  mechan i sm of the  shadow re- 
sponse.  
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Summary. Weanl ing  ra ts  were fed a low pro te in  die t  for 6 weeks and  the i r  weights  were 50% less t h a n  controls .  There  
were s ignif icant ly  fewer  ad ipocytes  per  ~xg adipose t issue,  b u t  e s t ima tes  of the  n u m b e r  of ad ipocy tes  per  ra t  ind ica ted  
t h a t  t he  d ie t  had  m u c h  less effect  on ad ipocy te  n u m b e r  t h a n  on b .wt .  

The physiological  cont ro l  of ad ipocyte  p roduc t ion  is no t  
well unders tood ,  b u t  evidence  poin ts  to  the  i n v o l v e m e n t  
of the  h y p o t h a l a m u s  1, poss ib ly  re la ted  to  g rowth  hor-  
mone  2. By  sampl ing  at  var ious  ages it has  been  demon-  
s t r a t ed  t h a t  ad ipocy te  p roduc t ion  cont inues  for some 
t ime  af ter  weaning  1, 3-5, and  dur ing  th is  t ime  ra ts  m a y  be 
suscept ib le  t o  t he  inf luence of nu t r i t i on  on the  endo-  
genous contro l  of ad ipocy te  product ion .  For  example ,  a 
h igh fa t  d ie t  causes  increased ad ipocyte  n u m b e r  s, and  
s t a rva t ion  has  been  shown to inhibi t  5 or to  have  no 
effect  ~ on ad ipocy te  product ion ,  and one repor t  showed 
no change  in ad ipocy te  n u m b e r  af ter  under feed ingL 
Adipocy te  n u m b e r  is also affected by  p rewean ing  nu t r i -  
t ion and  adu l t  r a t s  which  were  suckled in smal l  l i t te rs  h a d  
more  ad ipocytes  t h a n  those  suckled in large !i t ters 8, and  
th is  p h e n o m e n o n  was also d e m o n s t r a t e d  in genet ical ly  
obese ra t s  s. W h e n  ra t s  are fed a low pro te in  diet ,  the i r  

g rowth  is s tun ted ,  b u t  t h e y  have  the  capac i ty  to grow to  
near ly  no rma l  weigh t  when  given a good die t  la ter  in 
life s, x0. The purpose  of the  p re sen t  work  was to invest i -  
gate  the  response  of r a t  adipose t issue to  a low pro te in  
diet,  w i th  par t icu lar  reference to  the  n u m b e r  of ad ipocytes  
in t he  tissue. Ra t s  were also suckled in d i f ferent  size 
l i t ters  to  conf i rm w h e t h e r  t he  ad ipocy te  coun t ing  m e t h o d  
was sensi t ive enough to  de t ec t  a well es tabl ished dif- 
ference in ad ipocy te  number .  
Materials and methods. Sprague-Dawley  ra t s  were suckled 
in l i t te rs  of e i ther  4 or 16, dur ing  which  t ime the  d a m s  
were fed a nu t r i t iona l ly  ad eq u a t e  die t  ix. Fo r  6 weeks af ter  
weaning,  the  smal l - l i t ter  r a t s  were fed a h igh prote in  d ie t  
and  ha l f  of t he  large- l i t ter  r a t s  were fed the  high pro te in  
die t  (controls) and  the  res t  were fed a low prote in  diet .  
B o t h  diets  con ta ined  (g/kg) 40 corn oil, 40 mineral  mix  
and 20 of v i t ami n  mix,  w i th  e i ther  100 or 250 casein and  

Weights, fat contents, adipocyte concentration and estimates of number of adipocytes in 9-week-old rats 

Small litter* Large litter** 
HP Diet HP Diet LP Diet 

Number of rats (male) 4 5 5 
(female) 4 6 6 

Weight (g) (male) 313 =i= 5 212 i 4 98 -4- 4 
(female) 201 =i= 9 169 + 6 95 =t= 10 

Fat (g) (male) 29 =E 3 12 -]- 1 11 -4- 0.5 
(female) 16 + 1 10 =l= 1 12 • 1.5 

Adipocytes izg -1 (male) 6.13 i 0.88 9.19 4- 0.97 6.55 i 0.61 
(female) 7.39 + 0.42 8.94 • 0.82 7.41 i 1.24 
(both sexes) 6.76 + 0.49 9.05 • 0.63 7.02 i 0.71 

Adipocytes x 10 s per rat (male) 200 + 27 142 :t: 17 102 4- 10 
(female) 147 ~-30 107 4- 9 102 :t: 8 

Mean values + SE. * Litter of 4 pups; ** litter of 16 pups; fed at high protein (HP) or low protein (LP) diets afte~r weaning. 
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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 .  

1 A. Wise, Nutr. Metabol. 19, 291 (1976). 
2 C.G.D. Brook, Lancet II ,  624 (1972). 
3 J .L.  Knittle and J. Hirsch, J. olin. Invest. d7, 2091 (1968). 
4 J. Hirsch and P. W. Han, J. Lipid Res. lO, 77 (1969). 
5 C.H. Hollenberg and A. Vost, J. clin. Invest. d7, 2485 (1968). 
6 D. Lemonnier, m: R~gulation de l'6quilibre ~nerg6tique ehez 

]'homme, p. 267. Ed. M. Apfelbanm, Masson, Paris 1973. 
7 W. Beste, Virchows. Arch. 334, 243 (1961). 
8 P .R.  Johnson, J, S. Stern, M. R. C. Greenwood, L. M. Zueker 

and J. Hirsch, J. Nutr. 103, 738 (1973). 
9 S. Hatai, Am. J. Physiol. 18, 309 (1907). 
10 C.A. Stewart, Biol. Bull. mar. biol. Lab., Woods Hole 31, 16 

(1916). 
11 Oxoid breeding diet, Herbert Styles Ltd. 
12 In this study particles of diameter greater than 30 ~m were 

counted as adipocytes. 
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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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