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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 ) .  

14 B.L. Bayne, Marine Mussels. Cambridge Univ. Press (1976). 
15 J .B .  Engle and V. L. Loosanoff, Ecology 25, 433 (1944). 
16 F. Lubet and Le Feron de Lonchamp, C. r. S@anc. Soc. Biol. 

163, 1110 (1969). 
17 P. Lubet, Ann. Endocr. 27, 353 (1966). 
18 G. B. Stefano and E. J. Catapane, J. Pharmac. exp. Tber. 

(in press). 
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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  
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(figure 2). The possible significance of th is  p a t t e r n  has  
a l ready  been  discussed a. I n  v iew of t he  ex t r eme  r ichness  
in vesicles d isplayed b y  m o s t  profiles in electron p h o t o -  
mic rographs  of t he  o l fac tory  bulb,  the  poss ibi l i ty  was  
no t  exc luded  t h a t  th is  b i la tera l  accumula t ion  could be 
due  to  r a n d o m  and,  therefore ,  devoid  of func t iona l  
significance.  In  order  to  assess th is  i n t e rp re t a t i on  we 
have  now calculated,  by  means  of the  b inomia l  dis t r i -  
bu t ion ,  t he  p robab i l i t y  t h a t  a specific n u m b e r  of vesicles 

Fig. 1. Region within the external plexiform layer of the olfactory 
bulb of rabbit. An evident gemmulopetal synapse can be seen 
in B. It has synaptic vesicles selectively apposed to the junction 
on the side of the large dendrite (from a tufted or mitral neuron). 
Open arrows indicate vesicles apposed to the membrane on the 
gemmule side. The possibility of a gemmulofugal synapse at that 
level must be ruled out in view of the presence of vesicles on the side 
of the large dendrite (black arrow in A). 

will accumula te  in a g iven subsynap t i c  area wi th in  a 
rec tangle  equ iva l en t  to  t he  average  b o u t o n  profile (figure 
3). The d imens ions  of th i s  rec tangle  were based  on d a t a  
ob ta ined  f rom the  same pho tog raph i c  mater ia l  p re sen ted  
in a previous  co mmu n i ca t i o n  3. 
A to ta l  of 60 profiles were analyzed.  The average area was  
0.310 ~m2 • 0.024 ~m z. W i t h i n  th is  area 38 • 4.6 
vesicles were present .  The leng th  of m e m b r a n e  apposed  
to  t u f t ed  or mi t r a l  dendr i t e s  was  0.82 • 0.15 vm. Of th i s  
apposed  length ,  a po r t i on  was occupied by  synap t i c  
special izat ions  in 61% of t he  boutons .  The l eng th  of t he  
l a t t e r  was 0.367 4- 0.18 ~m. The p robab i l i t y  of a sub-  
synap t i c  r a n d o m  accumula t ion  of vesicles was  t h e n  
calcula ted  b y  choosing a rb i t ra r i ly  a subsynap t i c  area 
equiva len t  to 1/5 of the  t o t a l  b o u t o n  area. An inspec t ion  
of f igure 2 will show t h a t  th i s  is a reasonable  specif icat ion.  
In  fact,  the  vesicles of f igure 2 accumula te  w i th in  a 
re la t ively  smal ler  area. Therefore ,  if a given accumula t ion  
in the  mode l  of figure 3 is r egarded  as s ta t i s t ica l ly  signi- 
f icant ,  t h a t  of t he  accumula t ion  in figure 2 will be even 
more  signif icant .  
Since the  average  n u m b e r  of vesicles per  bou ton  was  
found  to  be 38, t he  b inomia l  d i s t r ibu t ion  was  c o m p u t e d  
according to  t h e  following formula  in which f(x) s t ands  

38! - x  

for the  p robab i l i t y  t h a t  exac t ly  x vesicles will  be found 
in the  specified subsynap t i c  area. F r o m  this ,  i t  was also 
possible to  calcula te  t he  p robab i l i t y  of t he  presence  of x 
vesicles or more  (figure 3). 
In  the  pa r t i cu la r  case i l lus t ra ted  a t  the  t op  of f igure 3, 
14 out  of 38 vesicles are accumula t ed  in t he  subsynap t i c  
area. I t  can  be shown t h a t  t he  p robab i l i t y  for th is  number ,  
or more,  is less t h a n  2 ~ .  In  a previous  s t u d y  i t  was  found  
t h a t  25% of t he  synapses  p re sen t  in t he  ex te rna l  plexi-  
form area  of the  o l fac tory  bulb  were comparab le  to  
t h a t  of f igure 2. Therefore,  one can conclude t h a t  t he  
presence  of subsynap t i c  vesicular  accumula t ions  wi th in  
the  granule cell gemmules  is s ta t i s t ica l ly  significant .  This  
reinforces t he  conclusion reached  a t  t h a t  t ime t h a t  t he  
presence  of ' r e t u rn '  synapses  is ques t ionable .  Un t i l  proof  
to  t he  con t ra ry ,  these  junc t ions  m u s t  be i n t e rp re t ed  as an 
o rd ina ry  gemmulope ta l  synapses  cu t  along mis leading 
planes.  The  gemmules  are so r ich  in vesicles t h a t  any  
inves t iga tor  m a y  produce  a biased sample  and  accumula te  
p h o t o g r a p h s  of a p p a r e n t l y  gemmulo fuga l  synapses  if he  is 
given enough  t ime  to choose sys temat i ca l ly  those  junc-  
t ions  w i th  p o s t s y n a p t i c  vesicles in which  the  p r e synap t i c  
ones are acc iden ta l ly  scarce. For  example ,  in f igure 2, a 
sect ion pass ing  t h r o u g h  the  line x - x  would  convey  the  
image of an a p p a r e n t l y  gemmulofuga l  polar i ty .  
In  view of t he  above,  we have  previous ly  expressed  the  
opinion t h a t  t he  in te rna l  granule  cells of the  o l fac tory  
bulb  lack gemmulofuga l  synapses  and  t h a t  the  t r a n s m i t t e r  
con ta ined  in the i r  vesicles (very l ikely GABA) m u s t  be 
able to ac t  a t  non - synap t i c  membranes .  This  should  no t  
be regarded  as a r evo lu t iona ry  conclusion. I t  is impl ied in 
a n u m b e r  of well  es tab l i shed  facts .  Fo r  example ,  GABA 
was found to  have  an inh ib i to ry  ac t ion  in t he  6 th  abdomi-  
nal  s egmen t  of the  crayfish,  which  lacks i nh ib i t o ry  
inne rva t ion  4. I t  should  be no ted  t h a t  GABA depolar izes  

Fig. 2. A synapse with bilateral accumulation of vesicles. In view 
of the location of the subsynaptic fuzz and the selective accumula- 
tion of vesicles on the side of the large dendrite (black arrows), a 
gemmulopetal polarity must be accepted. Consequently, the ves- 
icles indicated by open arrows are postsynaptic. A section passing 
along the line x--x would show vesicles only on the gemmule side 
and convey the erroneous impression of a gemmulofugal polarity. 

1 Supported by grant MA4183 of the Medical Research Council " 
of  C a n a d a .  

2 E. Ramon-Moliner, Brain Res. 128, 1 (1977). 
3 E. Ramon-Moliner, Brain Res. 105, 551 (1976). 
4 S.W. Kufler and C. Edwards, J. Neurophysiol. 27, 589 (1958). 
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the  pos ter ior  roo t  ganglia  5,8 and  conscient ious  e lec t ron 
microscopic  s tudies  in several  species have  fai led to 
d e m o n s t r a t e  the  presence  of synapses  in t he  pe r ika rya  of 
p r i m a r y  sensory  neu rons : ,  ~. A non-synap t ic ,  gabaergic  
neuro t ransmiss ion  could account  for the  fac t  t h a t  
GABA-T is no t  se lect ively  located in t he  subsynap t i c  
region g (in con t r a s t  to  GAD, which  displays  a h igh ly  
Selective pa ra junc t i ona l  d i s t r ibu t ion  9, zo). 
I t  has  been  long k n o w n  t h a t  the  smoo th  muscu la tu re  of 
viscera is i n n e r v a t e d  by  ne rve  fibers which  lie mere ly  
e m b e d d e d  in sa rco lemma gu t t e r s  wi th in  which  synapse-  
like con tac t s  are v e r y  rare ly  seen n,  ~2. The same appl ies  
to  vessels ~s, ~, to  vas  deferens  z5 and to g landular  pa ren-  
ch ima  16, ~7. No morphologica l ly  ident i f iable  special izat ions 
have  been  d e m o n s t r a t e d  as a basis  for t he  var ious  adren-  
ergic a lpha  and  b e t a  receptors .  Cer ta in  p r e synap t i c  
(ext ra junct ionat )  regions in m o t o r  ne rve  endings  appea r  
to  be sensi t ive to  ace ty lchol ine  ~8 and  i t  seems t h a t  th i s  
t r a n s m i t t e r  is capable  of t r igger ing an t id romic  discharges  
in m o t o n e u r o n s  even  in t he  absence  of mioneura l  junc-  
t ions  ~9. An equal ly  p r e synap t i c  act ion for ACh has  been  
c la imed in t h e  h i p p o c a m p u s  a~ In  dene rva t ion  super-  
sens i t iv i ty ,  ACh recep tors  appear  in ex t r a junc t iona l  
regions  of  the  membrane~L In  the  CNS chol inergic  
mechan i sms  are we l l -documented  2z,=z. However ,  A C h E  
has  of ten  been  located  in regions like the  granular  
endoplasmic  re t i cu lum well  r emoved  f rom ev iden t  
synap t i c  specia l iza t ions  2,. A s u b m e m b r a n o u s  local izat ion 
of AChE has  also been  descr ibed wi th in  the  CNS*~. B u t  
t he  e x t e n t  of m e m b r a n e  displaying r ichness  in en zy me  
appear s  m u c h  g rea te r  t h a n  can  be accoun ted  for  b y  the  
t he  presence  of synap t i c  specializations.  Sero tonin  
end ings  in the  s u b e p e n d y m a l  layers  of t he  cerebra l  
vent r ic les  do no t  appea r  to  be associa ted w i t h  ev iden t  
junc t iona l  specia l izat ions  *~, ~. Nerve  endings  p r e s u m a b l y  
r ich in biogenic amines  have  been ident i f ied in t he  
s t r i a t u m  which  appea r  to be surpr is ingly  poor  in syn-  
apses  ~8-~~ Descarr ies  e t  al. s~ have  emphas ized  t h a t  t he  
sero tonergic  nerve  varicosi t ies  of ra t  neocor tex  d isp lay  a 
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Fig. 3. The average bouton profile in the external pleMf0rm layer 
of the olfactory bulb of ~abbit can be regarded a~ eqtli~(alet~t to a 
reetang!e with the dimensions spedified ~t the top. Within this 
rectangle, compartment A occupies 5z[ 9t the total bouton area. The 
probability that out of 38 vesicles x, or more, will be ~ound in 
compartment A is illustrated by the vertical bars. 

ve ry  low incidence of ev iden t  synap t i c  specializations.  
A non - synap t i c  aminergic  neuro t ransmiss ion  could 
accoun t  for t he  fact  t h a t  t he  d i s t r ibu t ion  of MAO seems 
to be conf ined to mi tochondr i a  3~ which  are p re sen t  in 
ne rve  endings  b u t  n o t  select ively conf ined to  subsynap t i c  
regions.  Numerous  receptors  have  been  recent ly  isolated 
in var ious  pa r t s  of the  ne rvous  sys t em on the  basis of 
the i r  specific b inding '  proper t ies .  In  v iew of the  above,  
on e m a y  wonde r  if t h e y  m a y  of ten  be associa ted wi th  
non- synap t i c  regions of t he  ne rve  membrane .  
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