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p e r i m e n t s  do no t  e luc ida te  t he  cause  of t he  a n a p h y l a c t i c  
e l ec t roca rd iograph ic  changes .  However ,  m a n y  observa-  
t ions  sugges t  t h a t  c o r o n a r y  va s ocons t r i c t i on  is t he  m a i n  
cause  of myoca rd i a l  r e ac t i on  in a n a p h y l a c t i c  shock  al- 
t h o u g h  a n o x e m i a  due to cons t r i c t ion  of p u l m o n a r y  a r t e r i a l  
vessels  and  b r o n c h o s p a s m s  m a y  also p l ay  an  i m p o r t a n t  
role in  th i s  connec t ion  l-S, 11. A d i rec t  a n a p h y l a c t i c  r eac t ion  
of t he  m y o c a r d i a l  t i ssue  ha s  also to  be  t a k e n  in to  consi-  
de r a t i on  since a r r h y t h m i a s  h a v e  been  obse rved  in ana-  
phy l ax i s  in i so la ted  p a p i l l a r y  muscle  10 

A l t h o u g h  b lood pressure  e v e n t u a l l y  decreases  because  
of d imin i shed  venous  b lood  r e t u r n  resu l t ing  f rom peri-  
phe ra l  va socons t r i c t i on  wh ich  was d e m o n s t r a t e d  b y  m a n y  
inves t iga tors1 ,  9, i t  seems m o s t  l ikely t h a t  d i m i n i s h e d  
card iac  work  also c o n t r i b u t e s  to  t h e  blood pressure  de- 
crease occur r ing  in e x p e r i m e n t a l  a n d  cl inical  a n a p h y l a c t i c  
shock. Th i s  p o i n t  of v iew is s u p p o r t e d  b y  o b s e r v a t i o n s  
m a d e  in i so la ted  gu inea-p ig  h e a r t s  in  a n a p h y l a x i s  g iv ing  
ev idence  of s t rong  co rona ry  vasocons t r i c t i on  followed b y  a 
s ign i f i can t ly  decreased  card iac  o u t p u t  5, G. 

U n d e r  t he  aspec t  of t he  e l ec t roca rd iograph ic  changes  
obse rved  b y  us and  o the r s  5, 7, s, 11, an  und i f f e r en t i a t ed  t h e r a -  
p y  of a n a p h y l a c t i c  shock  w i t h  ep inephr ine  and  s imi la r  
subs t ances  should  be  recons idered  desp i te  t he  fac t  t h a t  i t  
m a y  decrease  p u l m o n a r y  res is tance3 and  overcome  peri-  
phe ra l  va socons t r i c t i on1 ,9  E p i n e p h r i n e  as well  as iso- 

p rena l ine  m a y  e v e n t u a l l y  increase  a r t e r i a l  b lood  pressure  
a n d  p e r i p h e r a l  t i s sue  perfusion,  b u t  t h e y  m a y  also induce  
v e n t r i c u l a r  ex t r a sys to l i a s  b y  t h e m s e l v e s  a n d / o r  increase  
m y o c a r d i a l  oxygen  def ic iency as d e t e c t a b l e  in  t he  elec- 
t r o c a r d i o g r a m 1 2  I t  is also q u e s t i o n a b l e  w h e t h e r  the  use 
of pressor ic  subs t ances  such  as n o r e p i n e p h r i n e  or angio-  
t e n s i n  can  be  of va lue  in a s i t u a t i o n  in which  m a x i m a l  va-  
socons t r i c t ion  a l r eady  preva i l s  3, le 

Zusamrnen/assung. Die s i m u l t a n e  Reg i s t r i e rung  des 
E K G  u n d  des K a r o t i s b l u t d r u c k s  a m  K a n i n c h e n  in der  
F r i i hphase  des a n a p h y l a k t i s c h e n  Schocks  lgsst  auf  eine 
pr im/ i re  H e r z r e a k t i o n  schl iessen,  welche  n i c h t  auf  e iner  
V e r m i n d e r u n g  des B lu td rucks ,  bzw. des k o r o n a r e n  Per-  
fus ionsdrucks ,  sonde rn  auf  e iner  vo rwiegend  infolge Ko- 
r o n a r k o n s t r i k t i o n  e i n t r e t e n d e n  A b n a h m e  der  Herz le i s tung  
zu b e r u h e n  scheint .  

A. WEGMANN, H.  RENKER and  H.  H/JBSCHER 

Swiss Serum and Vaccine Institute, Rehhagstrasse 79, 
CH-300I Bern (Switzerland), 4 January 1972. 

12 A. WEGMANN and H. RENKER, German Soc. Int. Med., Wiesbaden, 
April 9-13 (1972), in press. 

A m i n e  a n d  A m i n o  A c i d  M i c r o a n a l y s i s  of  T w o  I d e n t i f i e d  S n a i l  n e u r o n s  w i t h  K n o w n  C h a r a c t e r i s t i c s  

Because  of t he  k n o w n  h e t e r o g e n e i t y  of neu r ons  i t  would  
seem t h a t  precise b iochemica l  i n f o r m a t i o n  on  t he  func-  
t i on ing  of ne rvous  sys t ems  is bes t  o b t a i n e d  f rom experi-  
m e n t s  on  i n d i v i d u a l  neurons .  Cer ta in ly  we will  need  to  
l ea rn  more  of t h e  cel lular  b i o c h e m i s t r y  occur r ing  in 
neu rons  d u r i n g  a d a p t i v e  b e h a v i o u r a l  a c t i v i t y  before  ful ly 
c o m p r e h e n d i n g  t he  u n d e r l y i n g  processes  con t ro l l ing  these  
events .  

I n  t he  p re sen t  work  we h a v e  used a r ecen t ly  d e v i s e d  
m i c r o m e t h o d  1 to  ana lyse  t he  a m i n e  and  amino  acid 
compos i t ion  of two  specif ied g i an t  neu rons  in t he  snai l  
(Helix pomatia) bra in .  T he  m e t h o d  involves  t he  r eac t ion  
of amines  and  a m i n o  acids w i t h  14C-labelled d a n s y l  
chlor ide  to  fo rm c o m p o u n d s  which  can  be  sepa ra t ed  b y  
t h i n  layer  c h r o m a t o g r a p h y  a n d  de t ec t ed  u n d e r  UV- l igh t  
or b y  a u t o r a d i o g r a p h y .  One of t he  neu rons  s tudied,  t he  
g i an t  me tace rebra l ,  or g i a n t  se ro ton in  cell (GSC)2 receives 
b o t h  e x c i t a t o r y  (cholinergic) 3 and  i n h i b i t o r y  i n n e r v a t i o n .  
The  i n h i b i t o r y  effect  is m i m i c k e d  b y  g lu t amic  acid 4. There  
are two  iden t ica l  GSCs in each  snai l  b r a i n  ; one is loca ted  in 
each  cerebra l  gangl ion.  E v i d e n c e  t h a t  these  ceils con t a in  
se ro ton in  comes  f rom f luorescence h i s tochemica l  a n d  
b ioassay  d a t a  3. The  o t h e r  cell analysed,  t he  so called 
pos te r io r  bucca l  cell receives  an  e x c i t a t o r y  (serotonergic)  
i n p u t  f rom each  GSC~, ~. Th i s  cell lacks t he  capac i ty ,  
shown b y  t he  GSC, to  fo rm se ro ton in  f rom 5-hydroxy-  
t r y p t o p h a n  7 and  h i s tochemica l  s tud ies  sugges t  t h a t  t he  
cell lacks serotonin .  The re  is one pos te r ior  bucca l  cell in 
each  bucca l  gangl ion.  

The  m a i n  ob jec t ives  of our  s t u d y  were as followS: 1. To 
d e t e r m i n e  w h e t h e r  i t  is possible  to  o b t a i n  cons i t en t  d a t a  
w h e n  ana lys ing  a sma l l  n u m b e r  of GSCs or pos te r ior  
bucca l  cells d issected  f rom d i f fe ren t  an imals .  2. To o b t a i n  
b iochemica l  d a t a  on  t h e  c o n t e n t  of se ro ton in  in b o t h  types  
of neurons .  3. To e s t ab l i sh  w h e t h e r  t he re  are a n y  differ- 
ences in  t he  amino  acid compos i t i on  of t he  two  types  of 
cells. 4. To o b t a i n  f u r t h e r  d a t a  on  t he  effect  of opt ic  
t en t ac l e  a b l a t i o n  on t he  level  of se ro ton in  in the  GSC, 

since p rev ious  resul t s  suggested  t h a t  th i s  p rocedure  causes 
a r educ t i on  in se ro ton in  8. 

The  ident i f ied  neu rons  were dissected b y  h a n d  f rom 
gangl ia  r e m o v e d  f rom live snails.  The  ceils were t r ans t e r r ed  
to  a D r u m m o n d  Microcap c o n t a i n i n g  3 [xl of cold 0 .05N 
N a H C O  3 (ad jus ted  to  p H  9.5 w i t h  1 N  NaOH) .  W h e n  
suff ic ient  cells were col lected t h e y  were homogenised ,  
3 {xl of ace tone  was added  and  t he  m i x t u r e  cooled to --5~ 
for  1 h. Af te r  cen t r i fug ing  a t  4,000 g for 30 m i n  the  super-  
n a t a n t  was  mixed  w i t h  4 cl of a 2 m g / m l  solut ion 1~C 
label led  d a n s y l  chlor ide  ((1 d i m e t h y l  14C) a m i n o n a p h t h a -  
l ene-5-su lphonyl  chloride)9 in acetone.  E a c h  sample  was 
i n c u b a t e d  a t  37~ for 1 h a n d  s p o t t e d  in t h e  corner  of 
3 • 3 cm p o l y a m i d e  layer  c h r o m a t o g r a p h y  sheet  (Carl, 
Schne ide r  a n d  Schiill, F 170 Mikropo lyamide) .  Chromato -  
g rams  were deve loped  in wa t e r / f o rmic  acid (100:3) in one 
d imens ion  and  in benzene /ace t i c  acid (9: 1) in  the  second 
d imens ion ,  and  viewed in UV-l ight .  A u t o r a d i o g r a m s  were 
p r e p a r e d  us ing  Afga -Gevae r t  D e n t u r e  U l t r a  R a p i d  L film. 

Bes t  resu l t s  were o b t a i n e d  w i t h  e x t r a c t s  f rom 8 cells 
a l t h o u g h  sa t i s fac to ry  c h r o m a t o g r a m s  were also ob ta ined  
w h e n  4 cells were used. E x a m i n a t i o n  of 16 pa i rs  of chro-  
m a t o g r a m s ,  each  p r e p a r e d  f rom 8 cells showed t h a t  i t  is 
indeed  poss ible  to  o b t a i n  cons i s t en t  resu l t s  for each cell 
type .  F igure  1 shows t he  a u t o r a d i o g r a m s  of 3 pairs  of 
c h r o m a t o g r a m s ,  those  of t he  pos te r io r  bucca l  ceils above,  
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Fig. 1. Autoradiograms of 3 pairs of microchromatograiIlS and an 
identification key.The upper chromatogram in each pair was prepared 
from the posterior buccal cell and the one below from the GSC. Pairs 
1 and 2 contained material from normal animals. Chromatography 
was completed the day of dissection in the case of 1, but one day after 
dissection for 2. The 3rd pair of chromatograms contains cells of 
animals from which the optic tentacles had been removed 6 h before 
dissection for analysis. A spot corresponding to the position of seroto- 
nin (arrow in 1) is seen in each GSC chromatogram, but not in any 
of those of the posterior buceal cell. A faint spot corresponding to 
the position of methionine is seen in every chromatogralll of the buccal 
cell. This spot is very much less intense, if present at all in the lower 
GSC chromatograms. The intensity of spot 17, an unidentified 
compound, varies greatly from one chromatogram to another. The 
other pronounced spots were identified as follows: 1 starting point, 
2 unknown A, 3 tanrine, 4 dansyl-OH, 5 N-serotonin, 6 tryptophan, 
7 bis-lysine, 8 bis-ornithine, 9 glycine, 10 phellylalanine, 11 methionine, 
12 alanine plus dansyl-HN3, 13 unknown B, 14 leucine, 5 valine, 16 
isoleueille, 17 unknown C, 18 proline, 19 unknown D, 20 glutamine, 
threonine, asparagine, serine, argenine, e-lysine, ~-amino-histidine, 
cystine, aspartic acid, glutamic acid. Spots corresponding to the 
position of ethanolamine (to the right and above spot 12) and bis- 
tyrosine (to the left of spot 13) were also occasionally seen. 
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and the  GSC benea th ,  in each case. A spo t  cor responding  
to  the  pos i t ion  of sero tonin  (at t he  p H  of the  reac t ion  
sero tonin  appears  a lmos t  comple te ly  as an N-der ivat ive)  
can be seen in each GSC (arrow in n u m b e r  1) ch romato -  
gram, b u t  no t  in the  c h r o m a t o g r a m s  of t he  buccal  cells, 
a l though  in t he  buccal  cell c h r o m a t o g r a m s  the  spo t  
immed ia t e ly  above the  pos i t ion  of serotonin,  i.e. t r y p t o -  
phan,  is clearly seen. If GSC ex t r ac t s  were s tored for 3 to 
14 days  before dansy la t ion  the  i n t ens i ty  of the  serotonin  
spot  was  reduced,  or t h e  spo t  lost. Serotonin  is known  to  
be labile a t  an alkaline pH.  The overal l  p a t t e r n  of the  
o ther  subs tances  was s imilar  for b o t h  cell ext rac ts .  How-  
ever, one difference was the  level of me th ion ine  which  was 
cons i s ten t ly  grea ter  ill t he  pos ter ior  buccal  cell. Fu r the r -  
more,  an un iden t i f i ed  subs tance ,  spot  17, var ied grea t ly  
in i n t ens i ty  in b o t h  cells. In  some cases, i t  could barely  be 
de tec ted  (see e.g. c h r o m a t o g r a m  1 of the  buccal  cell and  
3 of t h e  GSC) whereas  in o ther  c h r o m a t o g r a m s  its pre-  
sence was obvious  ( ch roma togram 2 of t he  buccal  cell and 
2 of the  GSC). Somet imes  the re  was a s l ight  var ia t ion  in 
the  i n t ens i ty  of cer ta in  spots  w i th  respect  to  o ther  ones in 
d i f fe rent  c h r o m a t o g r a m s  (e.g. spo t  18 appears  more  
in tense  t h a n  spot  19 in c h r o m a t o g r a m  1 GSC, whereas  t he  
s i tua t ion  i s  reversed  in c h r o m a t o g r a m  2 GSC). 

The level of sero tonin  was no t  no t iceab ly  changed in the  
GSC when  opt ic  t en tac les  were  r emo v ed  8 h before 
analysis  ( ch roma togram 3), b u t  8 days  af ter  t en tac le  
abla t ion  the  serotonin  level was def ini te ly  reduced (Figure 
2). 

We can therefore  conclude t h a t  i t  is possible to ob ta in  
cons i s ten t  results  on the  sero tonin  and  amino  acid con ten t  
of the  2 d i f ferent  neurons.  The expe r imen t s  provide  con- 
clusive proof  of the  presence  of serotonin  in the  GSC, 
whereas  the  level of th is  amine  in the  pos ter ior  buccal  cell 
is ve ry  much  lower, if p r e sen t  a t  all. 8 days  af ter  opt ic  
t en tac le  abla t ion  there  is a p ronounced  reduc t ion  in the  
serotonin  level in the  GSC. The reason for th is  effect is a t  
p resen t  unclear  ; the  GSCs do no t  appear  to  send axons  to  
the  tentacles ,  bu t  t hey  receive complex  synap t ic  inputs  
f rom the  t en tac le  ne rvesL  

A n o t h e r  unexpla ined  resul t  is the  p ronounced  f luctua-  
t ion in t he  concen t ra t ion  of the  u n k n o w n  substance,  spot  
17. This  subs tance  was also de tec ted  in homogena tes  of 
the snai l  brain  and its level is increased by electrical 
s t imula t ion  of the  bra in  10. F u r t h e r  s tudies  are required to 
ident i fy  th is  in te res t ing  c o m p o u n d  and to  analyse its role 
in neurons.  The observa t ion  t h a t  the  level of me th ion ine  
is cons i s ten t ly  h igher  in the  buccal  cell also meri ts  fu r the r  
invest igat ion.  

Rdsumd. La microanalyse  de Famine  et  de l ' amine  acide 
de deux neurones  identif ies  a prouv6 la pr6sence de s6ro- 
tonine dans  Fun des neurones  et  son absence  darts l 'autre ,  
celui qui con tena i t  plus de m6thionine.  A l ' except ion  d ' u n  
int6ressant  compos6 non identifi6, les au t res  subs tances  
6taient  essent ie l lement  semblables  dans  les deux neurones.  

N. N. OSBONE 11 and  G. A COTTRELL 

Fig. 2. The effect of optic tentacle ablation 8 days prior to analysis on 
the serotonin level and amino acid composition of the GSC and 
posterior buccal cell. The intensity of the serotonin spot (arrow) 
in the middle GSC ehromatogram, prepared from the operated ani- 
mals, is much reduced, especially in relation to the other spots, 
compared with the situation in the control GSC chromatogram 
(bottom chromatogram prepared from normal animals) and also 
with the three GSC chromatograms shown in Figure 1. As before the 
level of methionine is higher in the buccal cell ehromatogram, the one 
at the top, than in the GSC. 
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