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After  e lec t r ica l  st imulation of the cort ical  surface in dogs and cats ,  marked swelling of dendrit ic 
(apical) te rminals  was found in the neuropil of the superf icial  layers .  Presynapt ic  t e rmina ls ,  even those 
forming synapses with the swollen dendri tes ,  were  unchanged in size and in their  content of submicro-  
scopic s t ruc tu res .  

Ul t ras t ruc tura l  changes in synapses  have now been studied during degeneration (after proximal  divi- 
sion of the corresponding axons) [2, 3 , 5 - 8 ,  14], in ce reb ra l  edema [11], local cooIing [9], changes in the 
surrounding tempera ture  [3], radiat ion injury to the bra in  [12, 13], during e lec t r ica l  st imulation of nerve 
t issue cul tures  [4], and so on. Investigations have revealed a number of cha rac te r i s t i c  changes in the u l t ra -  
s t ruc ture  of synapses .  For  example,  with degenerat ion the p r i m a r y  changes were  observed in the medul-  

�9 lated fibers and their  presynapt ic  t e rmina ls .  In response  to e lec t r ica l  st imulation an increase  was ob- 
se rved  in the number and diameter  of the synaptic vesic les  and their  accumulat ion near  the presynapt ic  
membrane  was observed in synapses of the c i l ia ry  ganglion in birds  [1]. 

In this paper  the resul ts  of an investigation of the u l t r a s t ruc tu re  of synapses in the upper layers  (I- 
IID of the cortex of adult cats and dogs in response  to di rect  e lec t r ica l  s t imulat ion of the cor t ica l  surface 
a re  compared .  

EXPERIMENTAL METHOD 

The current used was of the normal voltage for experiments involving stimulation of the cortical 

surface (10-12 V for 3 animals and 15 V for another 3 animals); stimulation was applied several times in 

succession for 3-5 sec at intervals of 2-3 sec. The stimulated area of cortex (together with the site of the 

electrodes) was excised at the time of or after stimulation as a cylinder 1-2 mm in diameter. The pieces 
of brain were fixed in 1.5% osmium tetroxide solution in phosphate buffer (pH 7.4). After dehydration in 

alcohols of increasing concentration the material was embedded in araldite. Sections cut with glass knives 

on an ultratome were stained with lead citrate by Reynolds' method and examined without a supporting 

film in the electron microscope with an accelerating voltage of 80 kV. 

EXPERIMENTAL RESULTS 

The neuropil of the superficial layers of the motor cortex was investigated; the corresponding area 

of the opposite hemisphere, which was not stimulated electrically, and also areas of the same hemisphere 

adjacent to the point of application of the electrodes, acted as control. The great majority of "boutons" 

of presynaptic terminals outlined in layer I-III of the cortex were usually 1.5-2 p in diameter, circular or 

angular in shape, or less frequently slightly elongated (Fig. i). The outlines of the dendritic terminals 
were approximately the same as those of the presynaptie terminals, but more frequently they were elong- 

ated and irregular in configuration. An area of neuropil from layer II of a control portion of the dog~s 

bra in  is i l lustrated in Fig. 1. In it the presynapt ic  te rminals  were filled with synaptic ves ic les ,  and some 
of them contained f rom 1 to 4 mitochondria .  The dendrit ic t e rmina ls  were  often flattened, and one of them 
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Fig. 1. E lec t ron-mic roscop ic  picture of an area  of 
neuropil  f rom layer  II of the motor  cor tex of a dog 
(control). P ro )p r e synap t i c  p rocesses ;  s v ) s y n a p -  
tic ves ic les ;  D) dendrites; D1) dendrite on which a 
synapse (S) is formed; A) as t rocyt ic  process ;  gl) 
par t ic les  of glycogen. 30,000x. 

Fig. 2. Area of neuropil f rom layer  II of the motor  
cortex of a dog stimulated by e lect rodes ,  a) Swol- 
len outlines of dendrites (D). Medullated fiber (M). 
Presynapt ic  terminals  (Pre). 15,000x; b) g ross ly  
swollen dendrite (D). Subsynaptic s t ruc tures  lo- 
cated in postsynaptic a rea  (marked by arrow).  
15,000 x. 

(D1) was surrounded by presynapt ic  terminals  with the formation of a synapse. P rocesses  of protoplas-  
mic as t rocy tes  of low elec t ron density frequently contained glycogen granules.  

Even under low power, after  e lect r ical  st imulation many great ly widened outlines of terminals  could 
be seen in the cort ical  neuropil,  severa l  t imes la rger  than in the control .  These outlines {Fig. 2a and b) 
were discovered to be great ly  swollen terminal  (apical) dendrites,  somet imes  attaining a large size.  Their  
cytoplasm was c lea r ,  and their organelles (mitochondria, mult ivesicular  bodies,  vacuoles of different sizes) 
were scat tered among the widened c ro s s - s ec t i on  of the terminal .  Never theless ,  the subsynaptic saccules 
and their  ves ic les ,  and also the osmiophilic mass  spreading f rom the postsynaptic membrane  had not 
moved f rom their  usual  place.  This possibly suggests  a close connection between these postsynaptic s t r uc -  
tu res  and the postsynaptic membrane  (Fig. 2b). In some cases  the divided s t ruc tures  which were  swolIen 
af ter  e lec t r ica l  s t imulat ion were as t roeyt ic  p rocesses .  The f i rs t  repor t  of swelling of dendrit ic terminals  
during e lec t r ica l  stimulation was given by the author at the Jubilee Session of the Institute of Physiology, 
Academy of Sciences of the Georgian SSR, in June, 1967. Van Harreveld  and Khattab [10] also observed 
swelling of some s t ruc tures  in the neuropil of mice during cooling and stimulation of the cortex; in their  
opinion dendrites or their  spines were swollen, because synapses  were  found on some of them. 
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Despite the gross swelling of the dendritic terminals, the presynaptic terminals, even those forming 
synapses with swollen dendritic terminals (Fig. 2b), remained normal in size. The nature of the submicro- 
scopic structures contained in the presynaptic terminals likewise showed no appreciable changes. The in- 
tercellular spaces were widened here and there. The nonmedullated fibers were unchanged. Hence, in re- 
sponse to direct electrical stimulation of the cortex, those processes of the neurons (the dendrites) in the 
neuropil on which synapses are formed swell, but thoseprocesses (axons) which, under natural conditions, 
usually carry impulses are unchanged. 
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