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Application of s t rychnine to the c e r e b r a l  cor tex  leds to u l t r a s t ruc tu r a l  changes in the cel ls  
and neuropil .  Disorganizat ion of the in te rce l lu la r  spaces  is  observed,  with the fo rmat ion  of 
many m a r k e d  swell ings of the dendr i tes  and glial  p r o c e s s e s  and invagination and tor tuos i ty  of 
the cy top lasmic  m e m b r a n e s .  The in te rce l lu la r  spaces  va ry  in width (from 50 to 1000 ~ or  
more) .  I nc rea sed  consumption of synaptic  ve s i c l e s  and a dec r ea se  in the osmiophi l ia  of the 
synaptic  m e m b r a n e s  w e r e  observed.  

In the las t  decade the se lec t ive  sensi t iv i ty  of cer ta in  s t ruc tu re s  of ne rve  t i s sue  (the synapsis  of the 
glial e lements ,  etc.) to pha rmaco log ica l  agents  and s t ruc tura l  changes in cor t ica l  nerve  cel ls  in some patho,- 
logical  s t a t e s  have been desc r ibed  [1-3]. 

This  pape r  de sc r ibe s  a study of the u l t r a s t r uc tu r e  of the sur face  neuropil  of the c e r e b r a l  cor tex  
following di rec t  applicat ion of s trychnine.  

E X P E R I M E N T A L  M E T H O D  

Eight adult ca ts  w e r e  anes thet ized by in t raper i tonea l  injection of pentobarbi ta l  (40 mg/kg).  Strychnine 
(0.1% solution) was  applied in the region of a r e a s  5, 7, and 21 of the r ight  hemisphe re  by  means  of f i l t e r  
p a p e r  (0.2-0.3 cm in d iameter ) .  Bra in  potent ia ls  we re  r eco rded  on an e lec t roencephalograph  (Alvar) and 
p i eces  of cor tex  were  taken f rom the region of application 1.5-2 h a f t e r  the beginning of the most  intensive 
p a r o x y s m a l  activity.  The application was  repea ted  40-60 min la te r .  P i ece s  we re  taken f rom the same 
regions  of the b ra in  of intact  an imals  for  control  purposes .  The b ra in  t i ssue was  fixed in 1% osmium 
te t roxide  solution in phosphate  buffer ,  dehydrated in alcohols of inc reas ing  concentrat ion,  and embedded in 
Araldi te .  Thin sect ions  300-600 A in th ickness  we re  stained by Reynold'  s method and examined in the J E M -  
6c e lec t ron  mic roscope  with an acce le ra t ing  voltage of 80 kV. 

E X P E R I M E N T A L  R E S U L T S  

Changes w e r e  found in the ne rve  and glial  cel ls  in the region of applicat ion of  s trychnine.  Pa le  and 
dark  neurons  w e r e  found, and in the f o r m e r  the Golgi appara tus  showed changes ,and  f ree  r i bosomes  had 
a lmos t  comple te ly  d i sappeared  f rom the cytoplasm.  The c i s t e rns  of the Golgi appara tus  w e r e  more  sharply  
dilated than those  of the endoplasmic  re t iculum.  The dark neurons,  by cont ras t  with the pale,  we re  shrunken 
and mos t  of the sur face  of the i r  soma was  covered  with swollen glial  p r o c e s s e s ,  but the dendr i tes  of the 
cor responding  dark  neurons were  compact  and highly osmiophil ic .  

In the epi lept ic  cor tex  d isorganiza t ion  of  the in te rce l lu la r  spaces  was  v e r y  noticable;  the spaces  t h e m -  
se lves  w e r e  i r r e g u l a r l y  widened ( s o m e t i m e  up to 1000 A or  more) ,  but local  const r ic t ions  also were  found 
(50-150 /~) in smal l  a r e a s .  In some p laces  the a r e a s  of cons t r ic t ion  gave the i m p r e s s i o n  that the opposite 
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Fig. 1. Enlargement  of intercel lular  space (indicated 
by arrows),  decrease  in number  of synaptic ves ic les  
in axon terminal  (A), swelling of dendrite (D), and t o r -  
tuosity of synaptic membranes  (S). 30,000 x. 

Fig. 2. Marked swelling of dendrite (D) and low osmio-  
philia of synaptic membranes  (S). 21,000• 

cytoplasmic membranes  were  in direct  contact. The widenings of the intercel lular  spaces were  par t icu lar ly  
large  in the region where three different s t ruc tures  met (Fig. 1). Membranes of the terminal  branches  of 
axons and dendrites were  ext remely  tortuous, their  c ross  sections had lost  their  normal  round configura-  
tion, and they formed frequent invaginations of var ied  depth and width (Fig. 2). Similar invaginations could 
be formed anywhere in the body or  along the p r o c e s s e s  of the neuron. 

The dendrit ic terminals ,  unlike the axonal, were  great ly  swollen, somet imes  by several  t imes,  their  
cytoplasm was loose in texture,  their  organel les  were  scattered,  their  mitochondria also were  swollen and 
often had a pale mat r ix  (Fig. 3), while mitochondria with a dark matr ix  were  less  frequent, and the cr i s tae  
of the internal membrane were  reduced in number (Fig. 3). Gross ly  swollen dendrit ic terminals  still had 
synaptic contacts  of the normal  size with axonal te rminals  (Fig. 3). 

The synaptic spaces were  more or  less  intact and their  width was about 200-250 A. However, in the 
immediate neighborhood of the active synaptie zones, their  membranes  were  highly tortuous.  The ~ortuo- 
sity of  the membrane  was widespread in charac ter ,  and in some cases  it extended also to the synaptic m e m -  
branes  (Fig. 1). Neither in the control  experiment nor  in response to direct  e lec t r ica l  stimulation of the 
cortex, was tor tuosi ty  of the membranes  of this type obse~:ved [4]. 
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Fig. 3. Deformation of axon t e rmina l  (A), dec rease  
in number  of synaptic ve s i c l e s  in t e rmina l s  A, A1, 
A2, and widening of in te rce l lu la r  spaces.  17,000 • 

Synaptic contacts  with a l a rge  osmiophi l ic  m a s s  we re  ve ry  r a r e ,  and in the overwhelming major i ty  of 
c a se s  the synaptic m e m b r a n e s  and spaces  were  c lear ly  dist inguishable (Figs. 1, 2, and 3) for  the degree  
of osmiophi l ia  of the synapttc  m e m b r a n e s  was  low. A marked  dec rea se  in the number  of synaptic  ve s i c l e s  
was  noted, and often only a few synaptic ves i c l e s  we re  p re sen t  on the p resynap t i c  m e m b r a n e  (Figs. 1 and 3). 
There  w e r e  compara t ive ly  many synaptic ve s i c l e s  in axon t e rmina l s  in contact with the dense r  dendri tes .  
In these  cases  m o r e  ves i c l e s  than in the control  ca ses  we re  concentrated on the p resynap t i c  membrane .  
The p r e sence  of these m o r e  or l e s s  no rma l  synapses  is  evidence that the application of s t rychnine affects  
al l  synaptic contacts  equally. All the changed axon t e rmina l s  had i r r e g u l a r  outl ines with invaginations and 
evaginat ions of the membrane .  
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