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Table 1. Distribution of radioactivity within regions of the fast axon 
branches and terminal in locust extensor tibiae muscles stimulated 
at 0.5 Hz and rested in radiolabelled L-glutamate for i h 

Source of Radioactivity/unit area SE 
radioactivity grains/Izm ~ n = 30 

Axon branch 
Muscle fibre 0.087 
Axon branch (axoplasm) 0.000 
Glial wrappings 0.298 
External 0.182 

Axon terminal 
Muscle fibre 0.019 
Axon terminal (axoplasm) 0.000 
Glial cell 4.007 
External 0.056 

Table 2. Distribution of radioactivity within regions of the fast axon 
branches and terminals in locust extensor tibiae muscles stimulated 
at 100 Hz and rested in radiolabelled L-glutamate for 1 h 

Source of Radioactivity/unit area SE 
radioactivity grains/txm ~ n = 30 

Axon branch 
Muscle fibre 0.207 
Axon branch (axoplasm) 0.076 
Glial wrappings 0.964 
External 0.555 

Axon terminal 
Muscle fibre 0.223 
Axon terminal (axoplasm) 1.848 
Glial cell 2.796 
External 0.194 

SE refers to the variation in the counting procedure in the analyses. 
External regions include, basement membrane, teacheoles and 
haemolymph space. Axon terminal resp. (axoplasm) includes axo- 
plasm + organelles. 

5 L.G. Caro and R. P. Van Tubergen, J. Cell Biol. 15, 173 (1962). 
6 N. M. Blaekett and D. M. Parry, J. Histochem. Cytoehem. 25, 

206 (1977). 
7 N.M. Blackett and D. M. Parry, J. Cell Biol. 57, 9 (1973). 
8 I .R .  Faeder and M. M. Salpeter, 3- Cell Biol. d6, 300 (1970). 
9 I .R.  Faeder, J. A. Matthews and M. M. Salpeter, Brain Res. 80, 

53 (1974). 

p resen t  s t u d y  was to  e x a m i n e t h e  up take  of exogenously  
appl ied  radiolabel led L -g lu t ama te  a t  ' normal '  and deple ted  
exc i t a to ry  neuromuscu la r  junct ions .  
Materials and methods. Iso la ted  ex tensor  t ibiae nerve-  
muscle  p repara t ions  were s t imula ted  and  p repa red  for 
e lec t ron microscopy as descr ibed previous ly  ~, excep t  t h a t  
fol lowing s t imula t ion  the  p repara t ions  were incuba ted  in 
saline conta in ing  L-[G-3HJglutamic acid (final concen-  

0.019 t r a t i o n  4 • 10-dM and 125 ExCi per  ml) or DL-[4,5-aH 1- 
0.000 leucine (final concen t ra t ion  2 • 10-5M and 20 [xCi per  
0.105 ml). Thin  sect ions (pale gold), coated wi th  I l ford L-4- 
0.o54 emuls ion using a var ia t ion  of the  loop t echn ique  of Caro 

and Van  Tubergen  5, were exposed for 20 weeks a t  4 ~ 
0.011 and developed in Microdol X. Sect ions were examined  in 
0.000 an A E I  EM 6B electron microscope and the  d is t r ibu t ion  
0.965 of si lver grains in the  e lectron au to rad iographs  analyzed 
0.051 using the  m e t h o d  descr ibed by  Blacke t t  and  P a r r y  6. This 

m e t h o d  takes  in to  account  the  cross sca t te r  of grains 
be tween  ne ighbour ing  s t ruc tures  for the  actual  shapes  
occurr ing wi th in  the  sect ion and  no a s sumpt ions  are re- 
quired abou t  the  size, shape  or spat ia l  a r r a n g e m e n t s  of 
these  s t ruc tures  L 
Results and discussion. Radiochemica l  expe r imen t s  indi- 
ca ted  t h a t  uns t imu la t ed  whole muscle p repa ra t ions  had a 
h igh  aff in i ty  for L -g lu t ama te  re la t ive to  L-leucine which 
was used as a control .  Fu r the rmore ,  fa t igued p repa ra t ions  
p re s t imu la t ed  a t  100 Hz showed an increased up take  of 
L -g lu t ama te  compared  to uns t imu la t ed  contro l  p repara-  
t ions,  while there  was no change in t he  up take  of L- 
leucine. Control  muscles  incuba ted  in 3H L-g lu t ama te  and 

o.o7o p repa red  for l ight  microscope au to rad iog raphy  indica ted  
0.159 t h a t  the  rad ioac t iv i ty  was d i s t r ibu ted  un i formly  over  the  
0.256 sect ions while sect ions f rom s t imula ted  muscles  d isplayed 
0.250 ' ho t  spots '  over  regions a t  the  muscle fibre surfaces 

p re sumed  to be sites of nerve  endings.  
0.025 Analysis  of the  grain d is t r ibu t ion  in p repa ra t ions  s t imu- 
0.364 la ted a t  0.5 Hz revealed t h a t  the  rad ioac t iv i ty  was main ly  
0.806 

associa ted wi th  the  glial wrappings  a t  the  fas t  axon 0.036 
b ranches  and glial cells a t  the  axon te rmina l s  while there  
was little, if any,  r ad ioac t iv i ty  accumula ted  by  the  axo- 
p lasm (table 1). This  conf i rms the  work  of earl ier  in- 
ves t iga tors  s,9 who have  suggested t h a t  the  glial ceils 
which  cap the  t e rmina l s  p lay  a major  role in g lu t ama te  
up take  a t  axon t e rmina l s  and thus  provide  a means  of 
inac t iva t ing  the  t r ansmi t t e r .  In  p repara t ions  s t imula ted  
at  100 Hz to the  po in t  of fatigue,  r ad ioac t iv i ty  was  again 
seques te red  by  the  glial cells bu t  in addi t ion  subs tan t i a l  
r ad ioac t iv i ty  was found to  be p resen t  in the  axop lasm of 
the  axon te rmina ls  (table 2, figure). 
These  results  are considered to  suppor t  the  hypo thes i s  
t h a t  L -g lu t ama te  is the  t r a n s m i t t e r  a t  the  exc i t a to ry  
neuromuscu la r  junc t ions  of the  locust  ex tensor  t ibiae 
muscle.  

Correlation between acidic phospholipids and serotonin and between lysolecithin and dopamine in 
ganglia of the'marine musse l ,  Mytilus e d u l i s  1 
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Summary. These s tudies  have  d e m o n s t r a t e d  a posi t ive  corre la t ion  be tween  the  acidic phosphol ip ids  and  the  serotonin  
con t en t  and be tween  the  lysoleci thin  and the  dopamine  co n t en t  in the  cerebral ,  peda l  and visceral  ganglia  of Mytilus 
edulis. These re la t ionships  were fu r ther  suppor t ed  by  exper imen t s  uti l izing 6 -h y d ro x y d o p ami n e  and  5 ,6-dihydroxy-  
t r y p t a m i n e .  

Several  recen t  metabol ic  s tudies  5-9 and  reviews 10, n have  t ransmiss ion  wi th  acetylchol ine,  norep inephr ine  and 
impl ica ted  a funct ional  re la t ionsh ip  be tween  neuro t rans -  serotonin  (5-HT) resul ts  in an increase in the  labeling 
mi t t e r s  and  phosphol ip ids .  Hokin  TM and  Hokin  1~ have  of p h o s p h a t i d a t e  and  phospha t idy l inos i to l ;  while in- 
general ized th is  re la t ionship  by  suggest ing t h a t  exc i t a to ry  h ib i to ry  t ransmiss ions  such as t h a t  general ly  seen wi th  



15. 2. 1978 Specialia 211 

y -am in o  b u t y r i c  acid (GABA) a n d  d o p a m i n e  (DA), in- 
vo lves  a decrease  in label ing.  These  r e l a t i onsh ips  sug-  
ges t ed  t h a t  t h e  phospho l ip id  c o n t e n t  of n e r v o u s  t i s sue  
m i g h t  ref lect  t h e  a m o u n t s  of m o n o a m i n e s  p resen t .  T h u s ,  
it  was  t h e  ob jec t ive  of th i s  s t u d y  to d e t e r m i n e  a q u a n t i -  
t a t i v e  r e l a t ionsh ip  be tween  specific phospho l ip id s  a n d  
m o n o a m i n e s  in the  gang l i a  of Myti lus  edulis. Secondly,  
s ince p rev ious  s tud ie s  a4 h a v e  s h o w n  t h a t  t he  5 -HT  a n d  
D A  c o n t e n t  of t hese  gang l i a  are modi f ied  by  6 - h y d r o x y -  
d o p a m i n e  (6-OHDA) and  5 , 6 - d i h y d r o x y t r y p t a m i n e  (5,6- 
D H T ) ,  these  d ru gs  were used  to de t ec t  c o n c o m i t a n t  
c h a n g e s  in t h e  a m o u n t  of specific phospho l ip ids .  
Materials and methods. T h e  m a r i n e  musse l ,  Myti lus  edulis, 
were collected a n d  m a i n t a i n e d  as descr ibed p r ev ious ly  a~. 
T h e  cerebral  (CG), peda l  (PG), and  v iscera l  (VG) gang l i a  
were r emoved ,  e x t r a c t e d  a n d  s e p a r a t e d  us ing  a c o m b i n a -  
t ion  of c h r o m a t o g r a p h i e s  w i th  D E A E - S e p h a d e x  A-25 a5 
a n d  TLC of the  s e p a r a t e d  n e u t r a l  or zwi t te r ionic  l ipids 
(F1) an d  acidic l ipids (Fl) on silica gel H R  p recoa t ed  
p la tes  us ing  a so lven t  s y s t e m  of c h l o r o f o r m / m e t h a n o l /  
15M N H , O H  (70/30/5 b y  volume) .  The  b a n d s  corre-  
s p o n d i n g  to a u t h e n t i c  s t a n d a r d s  were sc rapped  off a n d  
a n a l y z e d  for p h o s p h o r u s  aS which  was  a s s u m e d  to repre-  

Table 1. Content and correlation of phospholipids with monoamines 
of the cerebral (CG), pedal (PG) and visceral (VG) ganglia 

Component CG PG VG q- r 

SM (mg/g) 2.04 1.47 1.07 0.874 
PC (mg/g) 2.43 1.82 1.57 0.800 
PE (mg/g) 3.18 1.91 1.67 0.709 
Unknowns (mgdg) 1.25 0.98 0.94 0.688 
Acidic PL (mg/g) 2.07 1.38 1.21 0.736 
5-HT ([xg/g) 28.79 + 0.94 27.98 -t- 1.89 22.4 + 1.38 

Lyso PC (rag/g} 0.50 0.52 0.81 0.923 
DA (~tg/g) 7.9 ~ 0.48 11.63 • 0.86 16.4 ~ 0.70 

Acidic PL/Lyso PC 4.14 2.65 1.49 
5-HT/DA 3.64 2.41 1.37 

The phospholipids represent an average of 2 independent deter- 
minations which agreed to within 80 88%. The corresponding 
monoamine is grouped with its correlated lipid(s) and they are 
expressed as the mean 4- SEM (n = 4). The bottom group shows 
the ratios of the correlated components of interest. The positive 
correlation coefficient, q- r, is defined as MOx/Oy where M = slope 
of the specific phospholipid to the corresponding monoamine relation- 
ship, Ox = ~/phospholipid variance and Oy l/monoamine variance. 

Table 2. Phospholipid content of ganglia treated with drugs which 
modify the serotonin and dopamine content 

5,6-DHTtreated 
% of control 

Component CG PG VG 

6-OHDA treated 
% of control 
CG PG 

Lyso PC 38.9 75.3 109.2 24.2 48.3 
SM 101.8 101.3 96.8 89.5 78.8 
PC 92.1 99.1 99.6 89.5 100.0 
PE 85.2 95.0 91.3 92.6 97.3 

Acidic PL 56.9 68.1 88.6 138.6 189.4 

Total PL 84.9 95.2 97.5 82.2 87.5 

The % changes represent the average of 2 independent determina- 
tions which agreed to within 90%. The cerebral, pedal and visceral 
ganglia are designated CG, PG and VG respectively. 

s e n t  a n  a ve r a ge  of 4% of t he  phospho l i p id  weigh t .  In  
a n o t h e r  series of e x p e r i m e n t s ,  t he  a f o r e m e n t i o n e d  gang l i a  
f r om 4 a n i m a l s  were s e p a r a t e l y  collected,  pooled a n d  
qua n t i f i e d  for 5 -H T  a n d  D A  spec t ro f luo rome t r i ca l l y  17, a8 
a n d  the  d a t a  c on f i rme d  p r e v ious  h i s t o f luo re scen t  obse rva -  
t i ons  a4,ag. I n  t he  d rug  t r e a t e d  an ima l s ,  6 d a y s  pr ior  to 
t he  r e m o v a l  of t he  gangl ia ,  100 ~zg of 6 - O H D A  or 5,6- 
D H T ,  was  p r e pa re d  a n d  in j ec ted  wi th  a p p r o p r i a t e  
con t ro l s  as p r e v ious ly  descr ibed  a4, s0. 
Results and discussion. T h e  gang l i a  were found  (table 1) 
to  c o n t a i n  m e m b r a n e  assoc ia ted  p h o s p h o l i p i d s  (PL):  
s p h i n g o m y e l i n  (SM), p h o s p h a t i d y l c h o l i n e  (PC), phos -  
p h a t i d y l e t h a n o l a m i n e  (PE) a n d  the  acidic phospho l i p id s  
(F~) wh ich  inc luded  la rge ly  p h o s p h a t i d y l i n o s i t o l s  a n d  
p h o s p h a t i d y l s e r i n e .  In  add i t ion ,  a b a n d  c o - m i g r a t i n g  
w i th  lyso lec i th in  (lyso PC) was  n o t e d  a nd  a m o u n t e d  to 
a b o u t  7% of t he  to ta l .  Some  in t e r e s t i ng  para l le ls  b e c a m e  
a p p a r e n t  b e t w e e n  the  a m o u n t s  of lyso PC a nd  D A  a m o n g  
t he  va r i ous  gang l ia ;  for e xa mp le ,  t he  VG which  c o n t a i n e d  
t he  g r e a t e s t  c o n t e n t  of lyso PC also h a d  t he  l a rges t  
a m o u n t  of DA. Th i s  r e l a t ionsh ip  showed  a corre la t ion  
coeff ic ient  (r) of 0.92 a m o n g  t he  e x a m i n e d  gangl ia .  
Similar ly ,  t he  5 -H T  c o n t e n t  para l le led  t he  a m o u n t  of 
acidic phospho l i p id s  w i t h  t h e  g r e a t e s t  a m o u n t s  seen  in 
t he  CG. T h e  poorer  cor re la t ion  (0.74) seen  for t he  acidic 
P L  a n d  5 - H T  m a y  be pa r t i a l l y  a t t r i b u t e d  to t he  mu l t ip l e  
c o m p o n e n t s  f ound  in t h i s  lipid f ract ion.  However ,  if a 
c o m p a r i s o n  is m a d e  b e t w e e n  t he  ra t ios  of acidic PL / ly so  
PC to t he  c o r r e spond ing  m o n o a m i n e  r a t i on  (5 -HT/DA)  
as  show n  in t ab le  1 a m u c h  more  c onv inc ing  cor re la t ion  
was  found  s u g g e s t i n g  t h a t  t he  i n t e r r e l a t i onsh ip s  be tween  
5 -H T  a nd  D A  are also ref lec ted  in t he  re la t ive  assoc ia t ion  
of acidic P L  w i th  lyso PC. In  add i t ion ,  5 -H T  showed  a 
s imi la r  pos i t ive  cor re la t ion  wi th  t he  o the r  phospho l ip ids ,  
e xc e p t  w i th  lyso PC. Th i s  p r o b a b l y  ref lected t he  sub-  
s t a n t i a l l y  la rger  c o n t e n t  of 5 -H T  t h a n  D A  in these  
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ganglia.  These  h igh ly  sugges t ive  cor re la t ions  were f u r t h e r  
s u p p o r t e d  b y  pha r m aco l og i ca l  m a n i p u l a t i o n  ( table  2). 
5,6-DHT, which  des t roys  5 -HT n e u r o n s  80 in t he  gangl ia  
ha s  a c o n c o m i t a n t  effect  on t he  acidic PL,  especia l ly  in 
the  r ich  5 -HT c o n t a i n i n g  CG. The  m i n i m a l  changes  seen 
in the  V G  para l le ls  i ts  r e l a t ive ly  smal le r  c o n t e n t  of 5-HT. 
F u r t h e r m o r e ,  our  p rev ious  s tud ies  t~ h a v e  s h o w n  a 
rec iproca l  r e l a t ionsh ip  be t w een  D A  a n d  5 -HT b u t  i t  is 
possible  t h a t  in t he  reverse  s i tua t ion ,  i.e., 5-I-IT effects 
on  DA, a more  d i r ec t ly  p r o p o r t i o n a l  r e l a t ionsh ip  m a y  
exis t  as sugges ted  b y  t he  5 ,6 -DHT effects on  lyso PC 
( table  2). The  d e s t r u c t i o n  of dopamine rg ic  neu r ons  b y  
6 - O H D A  p roduced  a n  increase  ( abou t  73% in t h e  p e d a l  
gangl ia  ~4) in t he  5 -HT con t en t .  These  p rev ious ly  r epo r t ed  
changes  14 para l le led  t he  P L  changes  ( table  2) in  t h a t  

t he re  was a m a r k e d  decrease  in lyso PC m a t c h e d  w i t h  
a s ign i f ican t  increase  in t he  acidic PL.  
The  d a t a  p re sen ted  suggests  a f u n c t i o n a l  r e l a t i onsh ip  be-  
tween  specific phospho l ip ids  a n d  m o n o a m i n e s  in gangl ia  
of Mytilus edulis. More d i rec t  ev idence  such  as t h a t  s h o w n  
for t he  s t i m u l a t i o n  of enzymes  of m o n o a m i n e  m e t a b o l i s m  
b y  specific phospho l ip ids  ~z are needed  to  conf i rm these  
suggest ions .  P o r t i o n s  of t h i s  work  h a v e  been  p r e s e n t e d  
p rev ious ly  88. 

21 T. Lloyd and S. Kaufman, Biochem. biophys. Res. Commun. 
59, 1262 (1974). 
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E f f e c t  o f  e l e c t r o c o n v u l s i v e  t r e a t m e n t  o n  s e r u m  d o p a m i n e - b e t a - h y d r o x y l a s e  a c t i v i t y  i n  m a n  
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Summary. The  a c t i v i t y  of d o p a m i n e  b e t a - h y d r o x y l a s e  was m e a s u r e d  in the  se rum before  a n d  i m m e d i a t e l y  a f t e r  
e lec t roconvuls ive  t r e a t m e n t s .  No s igni f ican t  di f ference was observed ,  sugges t ing  t h a t  t he  seizures d id  no t  cause  an  
increase  in t he  pe r iphe ra l  s y m p a t h e t i c  tone.  

Ef fec t ive  e lec t roconvu l s ive  t r e a t m e n t  (ECT) causes  m a j o r  
convuls ions  a n d  t h u s  can  be c l inical ly  and  b iochemica l ly  
para l le led  w i t h  epi lept ic  m a j o r  convuls ions .  S p o n t a n e o u s  
g rand- rea l  seizures are a c c o m p a n i e d  b y  a u t o n o m i c  changes  
b u t  d i rec t  ev idence  of s y m p a t h e t i c  a c t i v a t i o n  is meagre .  
H e a r t  r a t e  a n d  b lood pressure  are s l igh t ly  changed  b u t  
these  changes  m a y  be  seconda ry  to o the r  changes  (e.g. 
resp i ra tory) .  ECT,  like s p o n t a n e o u s  g r a n d  real  seizure,  
is bel ieved to cause  a s i m u l t a n e o u s  d ischarge  of (all ?) 
b r a in  neurons .  ECT was found  to  increase  s e r u m  p r o l a c t i n  
level  a. O h m a n  e t  al. ~ discuss  the  poss ib i l i ty  t h a t  t he  
effect  on  se rum p ro lac t in  is due  to a genera l  nonspeci f ic  
CNS ac t iva t i on ,  and  since ECT was no t  found  to cause  a 
s ign i f ican t  increase  of  t h y r o i d  s t i m u l a t i n g  h o r m o n e  ~, t h e y  
conc luded  t h a t  t he  effect  of ECT was more  or less specific. 
There  is ev idence  t h a t  E C T  a c t i v a t e s  c en t r a l  adrenerg ic  
mechan isms* .  The  p r e s en t  s t u d y  was car r ied  o u t  to  
d e t e r m i n e  w h e t h e r  s y m p a t h e t i c  a c t i v a t i o n  occurs  in t he  
p e r i p h e r y  in h u m a n s .  The  levels  of d o p a m i n e - b e t a -  
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Serum DBH activity following ECT plotted against pre-ECT activity. 
Each point represents the activity values preceding and following a 
single treatment. 

h y d r o x y l a s e  (DBH)  in s e rum before a n d  a f te r  ECT were 
used as a measure  of pe r iphe ra l  s y m p a t h e t i c  a c t i v i t y  ~. 
Th i s  e n z y m e  is respons ib le  for t he  las t  s tep  in the  syn-  
thes is  of n o r a d r e n a l i n e  w i t h  wh ich  i t  is released f rom 
s y m p a t h e t i c  ne rve  endings .  
Materials and methods. Pa t i en t s .  The  s t u d y  inc luded  8 
pa t i en t s ,  6 males  a n d  2 females,  r ang ing  in age f rom 14 
to 65 years .  7 p a t i e n t s  were d iagnosed  as sch izophren ic  
and  1 as i n v o l u t i o n a l  depressive.  E a c h  p a t i e n t  u n d e r w e n t  
severa l  E C T  t r e a t m e n t s  a n d  D B H  was e x a m i n e d  in 2 
or  3 of these  in each  pa t i en t .  2 of t he  p a t i e n t s  were n o t  
rece iv ing  drugs  a n d  t he  o the r s  were on  a n t i p s y c h o t i c  
(haloperidol ,  f l uphenaz ine  or ch lorpromazine)  or an t i -  
d e p r e s s a n t  ( imip ramine  or ch lo r imip ramine )  drugs.  
ECT procedure .  Fol lowing bed - re s t  for 30 rain, t he  p a t i e n t  
was p r e m e d i c a t e d  b y  th iopen ta l ,  4 mg/kg,  and  succinylcho-  
line, 0.5 m g / k g  i.v. E l e c t r o s h o c k  t r e a t m e n t  was i m m e d i a t e -  
ly de l ivered  b y a  Siemens  K o n v u l s a t o r  2077 w i t h c o n t i n u o u s  
pulse  sequence  a t  a n  i n t e n s i t y  of 400-550 m A  peaked  
c u r r e n t  referred to a p a t i e n t  res i s tance  of 300 o h m s  and 
c u r r e n t  flow d u r a t i o n  of 0.8-1.6 sec. I n  al ! p a t i e n t s  a t  
leas t  a m i n o r  seizure was obse rved  in response  to  t he  ECT. 
E n z y m e  assay.  Venous  b lood  samples  were col lected 
f rom the  p a t i e n t s  before  p r e m e d i c a t i o n  and  once  aga in  
30-150 ra in  fol lowing t he  ECT,  whi le  t he  p a t i e n t s  were  
st i l l  prone.  The  samples  were a l lowed to  c lo t  a t  room 
t e m p e r a t u r e ,  and  t he  se rum was s epa ra t ed  by  cen t r i fuga -  
t ion  a n d  s tored  a t  - 5 ~  un t i l  assayed.  The  a c t i v i t y  of 
D B H  in s e rum was m e a s u r e d  accord ing  to N a g a t s u  and  
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