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~NIKIFOROWSKY 9 wies bere i t s  d a r a u f  h in ,  dass  die E in -  
t r i t t s s c h w a n k u n g  n a c h  E i n s e t z e n  des L ich t re izes  bei  
t i e fen  T e m p e r a t u r e n  v e r s c h w i n d e n  k a n n ,  obgle ich  die 
V e r d u n k l u n g s s c h w a n k u n g  n a c h  B e e n d i g u n g  des L i c h t -  
reizes w e i t e r h i n  b e s t e h e n  b le ib t .  Diesem B e f u n d  en t -  
s p r i c h t  die B e o b a c h t u n g ,  dass  de r  v e r s p g t e t e  A u s - E f f e k t  
n o c h  bei  6~ aus lbsba r  ist, w e n n  die b-Wel le  bere i t s  
n i c h t  m e h r  r eg i s t r i e rba r  ist. 

Summary. I n  a r ange  f ront  6 t o  30 ~ t h e  inf luence  of 
t e m p e r a t u r e  on  t he  r e l a t i on  b e t w e e n  t h e  l igh t  i n t e n s i t y  
a n d  t he  a m p l i t u d e  of t he  b -wave  of t h e  exposure  p o t e n t i a l  

h a s  been  i n v e s t i g a t e d  for  t h e  i so la ted  frog re t ina .  Be-  
t w e e n  10 a n d  25~ t h e  gross a c t i v a t i o n  ene rgy  of t h e  
response  to  l i gh t  leads  to  a t e m p e r a t u r e  coeff ic ient  
wh ich  shows t h a t  t h e  f o r m a t i o n  of t h e  b - w a v e  is m a i n l y  
checked  b y  di f fus ion processes.  Whi l e  a t  6 ~ t h e  b -wave  
h a s  van i shed ,  a comple te  de layed  off-response can  st i l l  
be  regis tered.  
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T h e  E f f e c t  o f  I m i p r a m i n e  a n d  N i a l a m i d e  o n  t h e  

(Helix pomatia) N e r v o u s  T i s s u e  

T h o u g h  t h e r e  is ev idence  t h a t  se ro ton in  is specif ical ly 
t a k e n  up  b y  s e r o t o n i n - c o n t a i n i n g  n e r v e  t e r m i n a l s  ~, 
w h i c h  m i g h t  be  a poss ib le  way  of i nac t i va t i on ,  5-hydro-  
xy indo le  acet ic  acid (5-HIAA), a m a j o r  b r e a k d o w n  
p r o d u c t  of se ro ton in  in  m a m m a l s  ~ also occurs  in  mol luscan  
n e r v o u s  t i ssue  3. I n  t h e  l igh t  of  these  o b s e r v a t i o n s  we 
dec ided  to  ana lyse  t he  a c c u m u l a t i o n  a n d  c a t a b o l i s m  of 
s e ro ton in  ill t h e  n e r v o u s  t i ssue  a n d  iden t i f i ed  se ro ton in-  
c o n t a i n i n g  s o m a t a  (GSCs) 4-s of t h e  snai l  Helix pomatia, 
us ing  a sens i t ive  mic rop rocedu re  w h i c h  de t ec t s  pico- 
mole  q u a n t i t i e s  of t h i s  a m i n e  ~, s. Since i m i p r a m i n e  po ten -  
t i a t e s  t r a n s m i s s i o n  b e t w e e n  t h e  GSCs a n d  o the r  cells 9 
a n d  i n h i b i t s  t h e  u p t a k e  of s e ro ton in  in to  b lood  p la te le t s  ~0, 
t h e  role of t h i s  chemica l  in  t he  u p t a k e  of s e ro ton in  was 
also s tud ied .  I n  add i t ion ,  t he  effects  o f  n ia lamide ,  a 
specific i n h i b i t o r  of m o n o a m i n e  oxidase  (MAO), on  t h e  
c a t a b l i s m  of ~4C-serotonin were ana lysed .  

Materials and method. The  a n t e r i o r  a o r t a  was  c a n u l a t e d  
j u s t  before  i t  en te r s  t h e  cen t r a l  gangl ia  a n d  per fused  wit t l  
snai l  sa l ine  u c o n t a i n i n g  e i t he r  ~4-C-serotonin (from 
R a d i o c h e m i c a l  Centre ,  A m e r s h a m  ; specific a c t i v i t y  
57 m C i / m M :  t h e  c o n c e n t r a t i o n  of t h e  pe r fused  t4C- 
se ro ton in  was a lways  5.4 ~Ci/ml of pe r fused  sa l ine ;  t h i s  
co r re sponds  to  10 -7 M sero ton in)  alone,  l~C-serotonin 
p lus  i m i p r a m i n e  (100 ~zg/ml) or 14C-serotonin p lus  n ia la-  
m ide  (1 mg/ml) .  The  pe r fus ion  fluid was  in  a 1.5 ml  syr inge  
w h i c h  could  be  a d j u s t e d  so t h a t  t h e  t i m e  a n d  pressure  of 
t he  pe r fused  so lu t ion  could  be  cont ro l led .  Af t e r  pe r fus ion  
w i t h  1.5 m l  r a d i o a c t i v e  s u b s t a n c e  (at  a r a t e  of 1.5 ml /4  h), 
t h e  b r a i n  was  per fused  w i t h  snai l  sa l ine for 5 mil l  a n d  
t h e n  r a p i d l y  dissected.  I n d i v i d u a l  GSCs were carefu l ly  

A c c u m u l a t i o n  o f  S e r o t o n i n  i n  S n a i l  

h a n d _ d i s s e c t e d  4 s,l~. The  d i ssec t ion  of a s ingle GSC 
took  less t h a n  4 rain,  so t h a t  a n y  f u r t h e r  m e t a b o l i s m  or 
r e d i s t r i b u t i o n  of t h e  labe l led  subs t ances  was  k e p t  to  
t h e  m i n i m u m .  6 n e u r o n  s o m a t a  (GSCs) were t r a n s f e r r e d  
to  a m i c r o t u b e  c o n t a i n i n g  10 ~zl d is t i l led  w a t e r  a n d  f rozen 
a n d  t h a w e d  in l iqu id  n i t r ogen  to  release t h e  cell 's  con ten t s �9  
T h e  sample  was  t h e n  f rozen a n d  freeze-dried,  r e s u s p en d ed  
in  2 ~zl of 0.05 M sod ium b i c a r b o n a t e  p H  9 a n d  ace tone  
(di lute  1 : 2 v /v)  a n d  d a n s y l a t e d  w i t h  1 ~zl d a n s y l  ch lor ide  
(1 m g / m l  in  acetone)  6,7,12,13 Th i s  e x t r a c t  was  t h e n  
sub j ec t ed  to  2 -d imens iona l  m i c r o c h r o m a t o g r a p h y  as 
descr ibed  previouslyS,~,12,13. I n  o t h e r  expe r imen t s ,  
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Fig. 1. Autoradiograms of mierochromatograms from GSCs (Figure lb) and brain tissue (Figure lc) from snails perfused with 14C- 
serotonin, and extracts reacted with unIabelled dansyi chloride. Figure la  is an autoradiogram of pure radioactive dansyl substances 
to show the chromatographic positions of dansyl serotonin (A and B), dansyl 5-HIAA (C), and dansyl 5-hydroxytryptophol (D). It  can be 
seen that both the GSCs and brain accumulate 14C-serotonin, whilst only the former ~onverts part of it into 5-HIAA. The original size 
of a single microchromatogram measured 3 x 3 era, and was developed in the first dimension (horizontal direction) with water/formic acid 
(100:3 v/v) and in the second dimension (vertical direction) with benzene/acetic acid (9:1 v/v). s, starting point; H, dansyl-OH, the 
reactive product between 14C-dansyl chloride and water�9 
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Effect of imipramine (100 ~zg/mI) and nialamide (1 mg/ml) on the accumulation and metabolism of 14C-serotonin in the GSCs and brain of 
Helix pom~tia 

Accumulation of Accumulation of Formation of Formation 
14C-serotonin l~C-serotonin ~aC-5HIAA I~C-5HIAA 
into GSCs into brain tissue by GSCs by brain 

Snail saline 
Snail saline plus imipramine 
Inhibition of 14C-serotonin accumulation 
caused by imipramine (%) 

Snail saline plus nialamide 
Increase of z4C-serotonin aeeumuIation 
caused by niaIamide ( % ) 

77 q- 12 ng (5) 73 :t= 8 ng (10) 0 (5) 18 • 7 rig (10) 
59 -4- 14 ng (5) 36 • 9 ng (10) 0 (5) 16 • 9 ng (10) 

24 51 -- -- 

79 -b 11 ng (5) 108 -4- 10 ng (10) 0 (5) 10 q- 4 ng (10) 

3 4 8  - -  - -  

The density of the GSCs was assumed to be that of water; a single GSC was hence calculated to weigh 1 ng 16. From the measured counts and 
specific activity, the content of l*C-serotonin and I~C-5-HIAA in the samples (in terms of ng/g wet wt. of tissue) could be measured. The radio- 
activity associated with these 2 substances on 3 separate microchromatograms was pooled and considered as a single experiment. The mean 
value for a number of experiments (figure in brackets) and the mean deviation in each case is given below. 

amines  and  amino  acids were ex t r ac t ed  f rom whole 
per fused  brains  (including connect ive  tissues), reac ted  
wi th  unlabel led dansy l  chloride and  some of the  dansy l  
subs tances  ch rom a tog raphed  6, ~, 12,1% Auto rad iograms  of 
the  mic roch roma tog rams  were t h e n  p repa red  (exposure 
t ime  3 days).  The radioac t ive  spots  on the  ch roma tog rams  
were subsequen t ly  localized, scraped f rom the  p la tes  and  
t h e n  suspended  in scint i l la t ion l iquid and  coun ted  in a 
Packa rd  spec t romete r  7, s. 

Results  and discussion. Figure  l a  is an au to rad iogram 
showing the  posi t ion of pure  dansy la t ed  14C-5-hydro- 
x y t r y p t o p h o l  and 5-HIAA, 2 metabi l i t i s  of l*C-serotonin 
in ve r t eb ra t e  t issues 1~. I t  should be po in ted  out  t h a t  
subs tances  like serotonin  and  5 -hydroxy t ryp topho l ,  which  
con ta in  more  t h a n  one a l iphat ic  amine  and/or  h y d r o x y  
group, form one or more  dansy l  der iva t ives  depending  on 
tile expe r imen ta l  condi t ions  4, 7, s, 13. U n d e r  the  condi t ions  
used in th is  s tudy,  all subs tances  w i th  the  except ion  of 
serotonin  13 occur as a single substance .  By  adding  a 
m inu t e  b u t  defini te  a m o u n t  of rad ioac t ive  serotonin  to  
ex t r ac t s  before dansyla t ion ,  the  recovery  of the  amine  was 
found  to be 85%. 

I t  is ev iden t  f rom the  au to rad iograms  tha t ,  a l though  
b o t h  the  GSCs (Figure lb) and whole  bra in  t issue 
(Figure lc) accumula te  l*C-serotonin, a single metabo l i t e  
is fo rmed in t he  bra in  tissue. F r o m  a n u m b e r  of experi-  
m e n t s  in which  au then t i c  subs tances  were added  to  t he  
tissue, i t  was concluded t h a t  the  metabo l i t e  is 5-HIAA. 
I t  can be seen f rom the  Table t h a t  t he  r ad ioac t iv i ty  
associa ted  w i t h  l*C-serotonin in t he  bra in  is more  t h a n  
4 t imes  grea ter  t h a n  the  I~C-5-HIAA content .  The da ta  
f rom the  Table  also ind ica te  t h a t  t he  GSCs accumula te  
only  s l ight ly more  l~C-serotonin t h a n  the  brain.  This is 
surprising,  especial ly since the  bra in  conta ins  only  a small  
popu la t ion  of se ro tonin-conta in ing  nerve  tissue. However ,  
a n u m b e r  of exp lana t ions  can be given. Firs t ly ,  some 
non-se ro ton in-con ta in ing  t issue in the  bra in  accumula tes  
serotonin.  Secondly,  a loss of some l~C-serotonin f rom the  
GSCs p robab ly  occurs dur ing the  dissect ion period.  
Thirdly,  the  error  in calculat ing the  ne t  weigh t  of single 
GSCs can be great ,  as one assumes t h a t  GSCs are of t he  
same size (see Table). Four th ly ,  t he  neuron  soma ta  is no t  
l ikely to  be the  mos t  ac t ive  p a r t  of t he  GSC involved in 
t h e  accumula t ion  process.  W i t h  regard to  t he  act ive 
up take  process,  t he  fact  t h a t  imip ramine  inhib i t s  the  
sero tonin  accumula t ion  to  a grea ter  e x t e n t  in t he  bra in  
t h a n  in t he  GSCs suggests  t h a t  only  a pa r t  of t he  neuron  

is involved in a specific up take  of t he  amine.  This  v iew is 
suppor t ed  by  the  fact  t h a t  t he  ma jo r i t y  of synapses  in 
molluscs are axo-axonic  15, and should the  inac t iva t ion  
process  of t he  released t r a n s m i t t e r  subs tance  include a 
specific up take  mechanism,  one would expec t  it  to  t ake  
place in the  synap t ic  region. 

Nia lamide  t r e a t m e n t  resul ts  in the  accumula t ion  of 
ve ry  m u c h  more  14C-serotonin in the  bra in  t h a n  ill the  
GSCs. This  is associa ted wi th  a decrease of 5 -HIAA in the  
bra in  which  indicates  t h a t  a MAO-like enzyme  is localized 
wi th in  the  synap t ic  region. This, t oge the r  wi th  the  fact  
t h a t  I~C-5-HIAA occurs only in regions r ich in synapses ,  
i.e. the  whole brain,  suggests  t h a t  b r eakdown  of t he  sero- 
ton in  m a y  also be a way  of inact iva t ion .  

I t  would  thus  appear  f rom these  s tudies  t h a t  mol luscan 
nervous  t issue may,  like m a m m a l i a n  nervous  sys t em 2, 
i nac t iva te  t he  released serotonin  wi th in  the  s3/napses in 
2 ways,  viz., enzymat i c  ox ida t ion  and  re -up take  in to  the  
p resynap t i c  terminals .  The par t ia l  inh ib i t ion  of t he  
enzymat i c  ox ida t ion  process  by  n ia lamide  also indica tes  
t h a t  a MAO-like enzyme  is responsible.  These da t a  also 
show t h a t  serotonin  is p a r t l y  metabo l i sed  in snail  nervous  
t issue to  form 5-HIAA. 

Zusammen/assung .  Sowohl  Nervengewebe  als such  
def inier te  Nervenze l l somata  (GSC) yon  Hel ix  pomat ia  
k6nnen  zwar  l~C-Serotonin aufnehmen ,  aber  nur  im 
Nervengewebe  wird es zu 14C-Hydroxyindolessigsgure 
umgewande l t .  Die Wi rkung  yon  I m i p r a m i n  und  Nia lamid  
m a c h t  wahrscheinl ich,  dass  Sero tonin  auf zwei Wegen  
inak t iv ie r t  wird, d .h .  durch  enzymat i sche  Oxyda t ion  und  
durch  W i e d e r a u f n a h m e  in die synap t i s chen  Boutons .  

12~. N. OSBORNE, E. PRIGGEM1~IER and  V. NEUHOFF 17 

M a x - P l a n c k -  Ins t i tu t  IgOr experimentelle Mediz in ,  
Arbei tsgruppe Neurochemie,  
D-3dO0 Gdttingen (Germany), 28 March  1973. 

14 W. B. QUAY, J. Neuro-Viseeral Relations Suppl. O, 212 (1969). 
la T. D. BULLOCK and G. A. HORRIDGE, Structure and Function in 

the Nervous System o[ Invertebrates IT Molluscs: Gastropods, 
Freeman & Co., SaD Francisco-London 1965), p. 179. 

1G G. A. COTTRELL and N. N. OSBORNE, Nature 225, 47e (1970). 
IT We acknowledge the financial support from the Deutsche For- 

schungsgemeinschaft (SFB 33) and Dr. B. LEONARD for comments 
on the manuscript. 


