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Ultrastructure of Spinal Cord Synapses During Strychnine Intoxication 

E x c i t a t o r y  a n d  i n h i b i t o r y  p o t e n t i a l  r ecorded  in t h e  
cen t r a l  n e r v o u s  s y s t e m  (CNS)1 h a v e  h i n t e d  a t  t he  possi-  
b i l i ty  of d i f f e r en t i a t i ng  also morpho log ica l ly  2 t ypes  of 
synapses  acco rd ing  to  t h e i r  f u n c t i o n  2-4. 

I t  h a s  b e e n  sugges ted  t h a t  t hose  s y n a p s e s  m i g h t  d i f fer  
f rom t h e  f ine  s t r u c t u r e  of s y n a p t i c  j u n c t i o n  5, or  f rom t h e  
d i f f e ren t  s h a p e  of t h e  p r e s y n a p t i c  vesicles.  Some  a u t h o r s  
c l a im t h a t  t he  i n h i b i t o r y  synapses  h a v e  a p o p u l a t i o n  of 
e l l ipsoidalves ic les ,  whi le  t h e  e x c i t a t o r y  h a v e  r o u n d - s h a p e d  
ones  1-4,e-s. Because  t h i s  l as t  d i f ference  so far  descr ibed  
was  n o t  c lear  cut ,  a n d  d e p e n d e d  la rge ly  o n  t h e  f i xa t i ve s  
used  8, a n o t h e r  a p p r o a c h  was  t r ied .  W e  t h o u g h t  t h a t  i t  
m i g h t  be  poss ib le  to  m o d i f y  t h e  u l t r a s t r u c t u r e  of synapses ,  
us ing  s o m e w e l l - k n o w n  spec ia l -ac t ing  d rugs  on  t h e  s y n a p t i c  
t r ansmis s ion .  F o r  t h i s  pu rpose  we chose s t r y c h n i n e  w h i c h  
is a t yp i ca l  a n t i - i n h i b i t o r y  drug,  ac t ing  on  t h e  s y n a p s e s  
b y  se lec t ive  b lock ing  of t h e  p o s t - s y n a p t i c  i n h i b i t i o n  1. T h e  
o b s e r v a t i o n s  he re  r e p o r t e d  conce rn  t h e  s y n a p t i c  t e r m i n a l s  
in  t h e  a n t e r i o r  h o r n  of  t h e  sp ina l  cord.  

Mater ia l  and  methods. F o u r  d a y s  before  t h e  e x p e r i m e n t ,  
t e f lon  t u b i n g  was  p laced  p e r m a n e n t l y  in t he  f i g h t  c o m m o n  
ca ro t i d  of 300 g S p rague -Dawley  male  r a t s  a n d  f ixed to  
t h e  sk in  of t h e  cerv ica l  reg ion  of t h e  ra t .  I n  t h i s  m a n n e r  i t  
was  poss ib le  to  per fuse  t h e  a n i m a l s  w i t h  f ixa t ives  w i t h o u t  
u s ing  a n a e s t h e t i c  d rugs  which ,  on  t h e i r  own,  could  m o d i f y  
t h e  u l t r a s t r u c t u r e  of t h e  CNS.  

S ix  a n i m a l s  were  k e p t  as cont ro l s .  18 r a t s  were  t r e a t e d  
w i t h  5 m g / k g  i.p. of s t r y c h n i n e  c h l o r h y d r a t e  a n d  p laced  
u n d e r  ar t i f ic ia l  r e sp i ra t ion .  6 a n i m a l s  were  sacr i f iced a t  
t h e  a p p e a r a n c e  of convuls ion ,  six 1 h a n d  six 2 h la ter .  A t  
t h e  p resc r ibed  t i m e  t h e  a n i m a l s  were pe r fused  t h r o u g h  t h e  
t e f lon  t u b i n g  for  3 m in  w i t h  R i n g e r  l a c t a t e  a t  6 °C a n d  
a f t e r w a r d s  w i t h  a f i xa t i ve  so lu t ion  a t  15 °C for  15-20 rain.  
T h e  f ixa t ives  used were t h e  fol lowing:  2.2 % acrole in  (Eas t -  
m a n  O.C. f i l tered t h r o u g h  ac t ive  coal a t  10°C) in 0 . 1 M ,  
p h o s p h a t e  buf fe r  p H  7.4, f ina l  o s m o l a r i t y  610 :t: 10 mil-  
l iosmol  ~, 2 .5% g l u t a r a l d e h y d e  (F isher  C. d is t i l led  accord-  
ing  t o  FAHIMI a n d  I)ROCHMANS 7 in 0.1 M p h o s p h a t e  buf fe r  
p H  7.4, f inal  o s m o l a r i t y  450 ± 10 mil l iosmol .  Af te r  alde-  
h y d e  f i xa t i on  smal l  pieces of t h e  sp ina l  cord  were  pos t f ixed  
w i t h  1% OsO 4 in 0 . 1 M  S6rensen  buf fe r  p H  7.4 for 2 h a t  
4 °C, a n d  e m b e d d e d  in E p o n  812 or  Ves topa l  W. Sect ions  
o b t a i n e d  w i t h  a L K B  U l t r o t o m e  m i c r o t o m e  a n d  s t a ined  
w i t h  t h e  u r a n y l  a c e t a t e - P b  c i t r a t e  doub le  s ta in ,  were  
e x a m i n e d  w i t h  Ph i l ips  E M  200 e lec t ron  microscope.  

Resul ts  and  discussion, i n  al l  a n i m a l s  regard less  of t h e  
t r e a t m e n t  given,  no  d i f fe rence  could  be  found  in t h e  
m o r p h o l o g y  of t he  s y n a p t i c  endings ,  e i t he r  a x o s o m a t i c  or  
axoden t r i t i c .  T h e  n u m b e r  of s y n a p t i c  vesicles p r e s e n t  in 
n e r v e  end ings  was v e r y  v a r i a b l e ;  t h e y  were e v e n l y  dis- 
t r i b u t e d  in t h e  s y n a p t i c  t e r m i n a l s  w i t h  a n  increase  of con-  
c e n t r a t i o n  n e a r  t h e  s y n a p t i c  j u n c t i o n .  

T h e  vesicles (300-600 ~ d i ame te r )  were  genera l ly  r o u n d  
in  shape ,  b u t  in  a few p r e s y n a p t i c  end ings  t h e y  h a d  a n  
el l ipsoidal  or  e l o n g a t e d  shape.  H o w e v e r  in  m a n y  cases b o t h  
t y p e s  of vesicles were  p r e s e n t  in  t h e  s ame  n e r v e  endings .  
Vesicles p o p u l a t i o n  showed  no d i f ference  in p r e s y n a p t i c  
end ings  w i t h  t h e  pe r ika ryon ,  or  cone of origin,  or  w i t h  
small ,  m e d i u m ,  or  la rge  dendr i t e s .  Because  m a n y  a u t h o r s  
s u p p o r t e d  t h e  d i f fe rence  b e t w e e n  e x c i t a t o r y  a n d  i n h i b i t o r y  
synapses  b y  t h e  d i f f e ren t  s h a p e  of t h e i r  vesicles,  we h a v e  
t a k e n  th i s  p a r t i c u l a r  p o i n t  in to  account ,  a n d  ca l cu la t ed  
in  250 p r e s y n a p t i c  end ings  t h e  p e r c e n t a g e  of e l l ipsoidal  
vesicles  in  each  g roup  of an imals .  The  resu l t s  are  g iven  
in  t h e  Table .  

S t r y c h n i n e  t r e a t m e n t  d id  n o t  c h a n g e  t h e  p e r c e n t a g e  of 
e l l ipsoidal  vesicles in  t h e  p o p u l a t i o n  of t h e  p r e s y n a p t i c  

vesicles.  I n s t e a d  th i s  p e r c e n t a g e  di f fered s t rong ly  accord-  
ing to  t h e  f i xa t ive  used,  g l u t a r a l d e h y d e  (Figure  1) or  
acro le in  (Figure  2), as s h o w n  in  t h e  Table .  

Af te r  s t r y c h n i n e  i n t o x i c a t i o n  t h e  s y n a p t i c  j u n c t i o n s  
n e v e r  changed .  

A morpho log i ca l  c h a n g e  could  be  e x p e c t e d  in t h e  syn-  
ap t i c  f ine s t r u c t u r e  a f fec t ing  e i t h e r  t h e  n u m b e r ,  d i s t r i b u -  
t ion  a n d  shape  of vesicles or t h e  m o r p h o l o g y  of t h e  s y n a p t i c  
j u n c t i o n  a f t e r  so g rea t  a n  a l t e r a t i o n  of t h e  sp ina l  cord  
func t ion ,  p r o v o k e d  b y  t h e  a n t i - i n h i b i t o r y  a c t i v i t y  of 
s t r y c h n i n e .  Howeve r ,  in  our  i nves t iga t ion ,  we could  n o t  
f ind  a n y  g r e a t  d i f fe rence  in  t h e  m o r p h o l o g y  of t h e  s y n a p t i c  
j u n c t i o n s  ( m e m b r a n e s ,  pre-  a n d  p o s t - s y n a p t i c  a p p a r a t u s )  
n o r  in  t h e  d i s t r i b u t i o n  a n d  p e r c e n t a g e  of t h e  d i f f e ren t  

No. of ellipsoidal vesicles/1000 synaptic vesicles in spinal cord nerve 
endings after strychnine treatment and after different fixation 

Fixatives Controls Time after strychnine treatment 

5 rain 1 h 2 h 

Glutaraldehyde 40 i 5 45 i 5 39 4- 5 44 =[: 5 
Acrolein 22 ~ 2 19 ± 2 23 :[: 3 21 :J: 2 

Fig. 1. Glutaraldehyde fixation. The figure shows an axo-somatic 
synapses in the spinal cord 1 h after strychnine treatment. Many 
eltipsoidal and elongated vesicles can be clearly seen among the 
round-shaped ones (arrows). 
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Fig. 2. Acrolein fixation. The figure shows an axo-dendritic synapses 
in the spinal cord 1 h after strychnine treatment. The synaptic 
vesicles (SV) in presynaptic ending are mainly round in shape. 

s h a p e d  vesicles ( round,  e l l ipsoidal  or  e longated) .  I f  we c a n  
infer  f rom our  morpho log ica l  da t a ,  i t  seems t h a t  t h e  b lock  
of i n h i b i t i o n  a t  t h e  level  of t h e  p o s t - s y n a p t i c  m e m b r a n e  
d id  n o t  co n s i d e r ab l y  a f fec t  t h e  p r e s y n a p t i c  t e rmina l s .  

A l t h o u g h  some a u t h o r s  d i s t i n g u i s h  t h e  i n h i b i t o r y  syn-  
apses  f rom t h e  e x c i t a t o r y  ones  acco rd ing  to  t h e  shape  of 
s y n a p t i c  vesicles, o u r  resu l t s  show t h a t  these  p a r a m e t e r s  
are  v e r y  v a r i a b l e  acco rd ing  to  t h e  d i f f e ren t  f ixa t ives  used.  
I t  is poss ib le  to  suppose  t h a t  some  di f ferences  d e t e c t e d  in  
synapses  cou ld  be  d u e  more  to  t h e  a c t i o n  of t h e  f i x a t i v e  
t h a n  to  a rea l  morpho log ica l  d i f fe rence  d e p e n d i n g  on  t h e i r  
func t ion .  

Riassunto. Gli a u t o r i  s t u d i a n d o  la  u l t r a s t r u t t u r a  del le  
s inaps i  del mido l lo  sp ina le  d u r a n t e  in toss icaz ione  s t r i c n i n a  
n o n  t r o v a n o  n e s s u n a  d i f fe renza  nei  c o m p o n e n t i  s inap t ic i  
a t t r i b u i b i l e  al t r a t t a m e n t o  s t r icnico.  R i l e v a n o  invece  va -  
r iaz ioni  nel la  mor fo log ia  delle vescicole p r e s i n a p t i c h e  in 
re laz ione  a d i f fe ren t i  f i ssa t iv i  u t i l izzat i .  
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Fine Structural  Localization of Exogenous  5 -HT in Vesicles of Adrenergic Nerve Terminals  

I t  is now well e s t ab l i shed  t h a t  ad rene rg i c  n e r v e  t e r m i n a l s  
possess  a p o p u l a t i o n  of vesicles  300-600 A in  d i a m e t e r  
c o n t a i n i n g  a n  osmiophi l i c  dense  core  w h i c h  r e p r e s e n t s  t h e  
phys io log ica l  n e u r o - t r a n s m i t t e r  n o r e p i n e p h r i n e  (NE).  I t  
h a s  b e e n  d e m o n s t r a t e d  b y  e l ec t ron  mic roscopy  t h a t  these  
s a m e  t e r m i n a l s  a re  c a p a b l e  of acqu iesc ing  s t r u c t u r a l l y  
s imi la r  p h e n e t h y l a m i n e s  such  as e - m e t h y l n o r e p i n e p h r i n e  
a n d  5 - h y d r o x y d o p a m i n e  (5-HO-DA),  so-cal led 'false" 
t r a n s m i t t e r s  1,2, As well, i t  h a s  r ecen t l y  b e e n  s h o w n  b y  
r a d i o a u t o g r a p h y  in r a t  va s  deferens  3 a n d  b y  b i o c h e m i s t r y  
in  gu inea -p ig  va s  deferens  4,5 t h a t  a n  i ndo lamine ,  5-hy-  
d r o x y t r y p t a m i n e  (5-HT),  is c apab l e  of be ing  a c c u m u l a t e d  
a n d  s to red  in s y m p a t h e t i c  n e r v e  t e r m i n a l s  a n d  l i b e r a t e d  
as a t r a n s m i t t e r  b y  s y m p a t h e t i c  n e r v e  s t i m u l a t i o n  4. Since 
i t  is possible  to  d e m o n s t r a t e  5 -HT e lec t ron  microscopica l ly  
in  b lood  p la t e l e t s  ~, i t  was  t h o u g h t  t h a t  t h i s  m i g h t  p r o v i d e  
a f a v o u r a b l e  p re r equ i s i t e  to  t e s t  e lec t ron  microscopica l ly  
if a n  i n d o l a m i n e  is c apab l e  of be ing  a c c u m u l a t e d  se lec t ively  
in  t h e  adrenerg ic  n e r v e  t e rmina l s ,  as is t h e  case for p h e n e -  
t h y l a m i n e s  a n d  more  specif ical ly  to  yie ld  i n f o r m a t i o n  on  
i ts  d i sc re te  subce l lu la r  local iza t ion.  

Ca ts  were  p r e t r e a t e d  w i t h  e - m e t h y l m e t a t y r o s i n e  
(a-MMT) 4 × 200 m g / k g  o v e r  a pe r iod  of 2 d a y s  before  t h e  
c o m m e n c e m e n t  of t h e  e x p e r i m e n t s .  I r i s  a n d  va s  defe rens  
were  qu ick ly  r e m o v e d  a n d  i n c u b a t e d  in K r e b s - H e n s e l e i t  
so lu t ion  c o n t a i n i n g  a c o n c e n t r a t i o n  of 5 -HT (10 ~g/ml ,  
50 ~g /ml  or  500 ~g/ml)  a t  37 °C for 30 min .  I n c u b a t i o n  of a 
p o r t i o n  of t h e  t i ssue  in  K r e b s - H e n s e l e i t  w i t h o u t  5 - H T  
se rved  as  cont ro l .  Af te r  i n c u b a t i o n  t i s sues  were  f ixed in  
g l u t a r a l d e h y d e ,  pos t - f ixed  in o s m i u m  t e t r o x i d e  a n d  em-  
b e d d e d  for e lec t ron  microscopy.  T h e  e l ec t ron  microscopica l  
e x a m i n a t i o n  of t h e  iris was  c o n c e n t r a t e d  on  t h e  m e d i u m  
zone of t h e  d i l a to r  pupi l lae ,  as th i s  zone c o n t a i n s  a large  
n u m b e r  of s y m p a t h e t i c  nerves .  

T h a t  a -MMT t r e a t m e n t  successful ly  dep le ted  t he  N E  in  
the  vesicles of t he  ad rene rg ic  n e r v e  t e r m i n a l s  was  s h o w n  
u l t r a s t r u c t u r a l l y .  Those  t i ssues  i n c u b a t e d  in Krebs -  

Hense l e i t  a lone  revea led  no  or  v e r y  few dense  core  vesicles 
w i t h i n  n e r v e  t e r m i n a l s  (Figure  1). Thus ,  a n y  o b v i o u s  
a c c u m u l a t i o n  of a m i n e  in  t h e  fo rm of a n  osmiophi l i c  dense  
core  in  t h e  vesicles  of n e r v e  t e r m i n M s  f rom i n c u b a t e d  
t i s sue  ove r  a n d  a b o v e  t h i s  co n t ro l  level  m u s t  be  due  to  t h e  
se lec t ive  a n d  specific u p t a k e  a n d  s to rage  of exogenous  
5-HT. As well, dep le t ion  of N E  was  conf i rmed  b y  t h e  bio- 
chemica l  d e t e r m i n a t i o n  of N E  e m p l o y i n g  t h e  m e t h o d  of 
BERTLER et  a12 in r e s idua l  p a r t s  of t h e  o rgans  n o t  incu-  
b a t e d  in  5-HT, T h e  N E  c o n t e n t  was  r ed u ced  to  less t h a n  
5% of con t ro l  levels,  

F igure  2 i l lu s t r a t e s  t h e  a p p e a r a n c e  of iris a f t e r  i ncuba -  
t ion  for  30 m i n  in 500 v g / m l  5-HT.  F r o m  t h e  large  n u m b e r  
of dense  core  vesicles p r e s e n t  i t  is c lear  t h a t  5 -HT is c a p a b l e  
of be ing  t a k e n  u p  b y  t h e  vesicles of ad rene rg ic  n e r v e  
t e rmina l s .  As in t h e  n o r m a l  s t a t e  t h e r e  sti l l  ex is t s  a dua l  
p o p u l a t i o n  of t e rmina l s ,  t hose  w i t h  dense  core vesic les  a n d  
those  w i t h  on ly  e m p t y  vesicles.  T h e  r egu la r ly  occur r ing  
e m p t y  ves ic l e - t e rmina l s  h a v e  b e e n  s h o w n  to  be  of chol in-  
ergic or ig in  a n d  those  w i t h  dense  core  vesicles of ad rene rg ic  
d e r i v a t i o n .  C o n c e n t r a t i o n s  of 10 a n d  50 ~g /ml  5 -HT also 
r e su l t  in  dense  cores in  t h e  ad rene rg i c  t e r m i n a l s  b u t  to  a 
lesser e x t e n t  t h a n  w i t h  t h e  h i g h e r  dose  of 500 ~g/ml .  
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