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The u l t ras t ruc ture  of neurons of the rat  cortex was investigated after administrat ion of a 
single dose of amphetamine and haloperidol.  After administrat ion of amphetamine, signs of 
an increase in functional activity of the neurons were observed: activation of the synaptic 
apparatus,  an increase in the number of pores  in the nuclear membrane,  dilation of the 
cavities of the endoplasmic ret iculum, swelling of the mitochondria.  Under the influence 
of haloperidol the picture was different: no signs of activation of the synapses were p res -  
ent and the matr ix  of the mitochondria was condensed. 

The object of this investigation was to study the u l t ras t ruc ture  of neurons of the rabbit  sensomotor  
cortex after administrat ion of a single dose of amphetamine, with an excitatory action on the CNS [1], and 
haloperidol (with the opposite effect) [3]. Par t icu lar  attention was paid to the state of the synaptic appa- 
ratus,  changes in which are  known to be closely connected with the degree of functional activity of nerve 
cells [6]. 

EXPERIMENTAL METHOD 

The ra ts  (weighing 180-200 g) of group 1 received a single intraperi toneal  injection of amphetamine 
solution in a dose of 10 mg/kg.  The animals were kept in a special box, divided into compar tments  in 
which the animal ran for 90 rain as a resul t  of the motor  excitation induced by amphetamine.  The animals 
of group 2 received a single subcutaneous injection of haloperidol solution in a dose of 9 m g / k g .  Before 
the mater ia l  was taken, the r a t s '  brain  was perfused with 2.5% glutaraldehyde solution in phosphate buffer, 
pH 7.4. Pieces  of t issue were then excised f rom the sensomotor  cortex, f rom area  PA m, layer  V, fixed 
with OsO 4 and dehydrated in alcohols and acetone. The pieces of t issue were embedded in Araldite and 
Epon 812. Sections were cut on the LKB ultratome,  shadow-cast  with uranyl  acetate and lead citrate by 
Reynold 's  method, and examined in the UEMB-100 V e lec t ronmicroscope .  

EXPERIMENTAL RESULTS 

On investigation of the neurons of the rat sensomotor cortex in the electron microscope after ad- 

ministration of amphetamine, changes were found in the nuclei, endoplasmic reticulum, ribosomes, mite- 

chondria, and synaptic apparatus. The nuclei of the neurons were slightly swollen, with uniformly distri- 

butednucleoplasm, and a compact nucleolus in the center. In some areas of the nuclear membrane, the 

outer membrane was detached with the formation of enlarged cavities of the perinuclear space and an in- 
crease in the number of pores. The number of ribosomes, both free and located on the membranes of the 

endoplasmic reticulum, in the cytoplasm was reduced. In some neurons the cavities of the endoplasmic 

reticulum were dilated and had the appearance of vacuoles with uneven edges, on the men~branes of which 
a few ribosomes could be seen. In some cells themitochondria were swollen and their matrix was trans- 

lucent, while in others the changes in these organelles were less marked (Fig. In). 
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Fig. 1. Neuron of the rat  sensomotor  cortex after  administrat ion of 
amphetamine:  a) t ranslucent  matr ix  of mitochondria (M), increase  
in size of pores  in nuclear  membrane (NM) (marked by arrows) and 
dilatation of tubules of the endoplasmic re t iculum (ER); pos t synap-  
tic membranes  (marked by arrows) .  Here and in Fig. 2, 28,000 • 

Fig, 2. Localization of synaptic ves- 
icles in center of axon and condensa- 
tion of matrix in large mitochondria of a 
neuron in the se nsomotor cortex of a rat 
after administration ofbaloperidol. 

region of the presynaptic membrane was small, 
the terminals (Fig. 2). 

Synapses have several  active zones which are responsible 
for the conduction of the nervous impulse. In the region of the 
active zones of the axodendritic synapses,  thickening of the post- 
synaptic membranes  was observed.  The synaptic vesic les  were 
numerous and were ar ranged all along the axon terminals .  Sev- 
eral  small mitochondria  were found among them. The extent of 
the active zones of the synapses was considerable,  and much of 
the terminal  was covered with spines. Most of the synaptic 
vesicles  were  indistinguishable f rom normal:  some were paler,  
200-250 A in diameter ,  and they occupied the g rea te r  part  of 
the plaque, while others  were darker  and more  dense, 300-400 

in diameter ,  and lay c loser  to the presynapt ic  membrane  
(Fig. Ib). 

Protrusion of the outer nuclear membrane and an increase 
in the number of pores were observed in the glial cells. The 

lysosomes m the nerve and glial cells were small and situated 

near to the Golgi apparatus. An increase in the number of 

pinocytotic vesicles and loosening and thickening of the basal 

layer were observed in the endothelial cells of the capillaries 

in the motor cortex. 

After administration of haloperidol, changes different 

from those described above were observed in the ultrastrueture 

of the neurons in the motor cortex. These changes affected 

predominantly the mitochondria, which, as a rule, were slightly 

enlarged and had a dense matrix. In both axons and dendrites, 

the mitochondria were abnormally long. Most synapses were 
in a "passive" state: the number of synaptie vesicles in the 

and they were more often concentrated in the center of 
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As a resul t  of the action of amphetamine and haloperidol,  changes were thus observed in file fine 
s tructure of the neorons of file ra t  motor  cortex. These changes evidently ref lected differences in the de- 
gree of excitation and inhibition of the CNS associated with the drugs used. 

Increased functional activity after administrat ion of amphetamine was indicated by changes in the 
synaptic apparatus of the nerve cells such as the appearance of active zones, thickening of file pos tsynap-  
tic membranes ,  and the concentration of synaptic vesic les  around them. Further  evidence was given by an 
increase  in the number of pores  of the nuclear  membrane and file projection of its outer membrane  with the 
formation of folds. Such changes lead to an increased flow of messenger  RNA f rom nucleus to cytoplasm 
~4, 7t. 

The decrease in the number of ribosomes, the increase in size of the cavities of the endoplasmie 
reticulum, and the translucency of the matrix of the mitochondria also indicate activation of the enzyme 
systems responsible for increased activity of the nerve cell during excitation. This is in agreement with 
the effect of psychotonic drugs (caffeine, strychine, etc.) reported in the literature [2, 5, 8]. 

After administration of haloperidol the changes in the nerve cells were different in character. The 
synaptic apparatus was inactive. Synaptie vesicles were grouped in the center of the terminals or all over 
the neuron plaque, while the presynaptie and postsynaptic membranes showed no visible changes. Large 
and abnormally long mitochondria were observed in file nerve cells and on their processes. The nuclei 
were increased in size and their nucleoplasm somewhat condensed. 

1. 

2. 
3. 

4G 

5. 
6. 
7. 

8. 

LITERATURE CITED 

S. V. Anichkov and M. L. Beten'skii ,  Textbook of Pharmacology [in Russian], Leningrad (1968). 
V. A. Axefolov and K. S. Raevskii, Byull. }~ksperim. Biolo i Med., No. 1, 38 (1970). 
V. F. Matveev, Pathomorphological  Analysis of the Action of Some Psychotomimet ic  Drugs on the 
Central Nervous System. Doctoral Dissertat ion,  Moscow (1970). 
u  M. Mityushin, Biofizika, No. 2, 373 (1968). 
D. E. Comings~ Am. J~ Human Geneto, 25_ 440 (1968). 
J. Co Eecles,  The Physiology of Synapses [Russian translation],  Moscow (1966). 
A. Mirsky and S. Osawa, in: The Functional Morphology of file Cell [Russian translation],  Moscow 
(1963), p. 9. 
J. C. Yates and R. D. Yates, Jo Ultrastruct. Reso, 16, 382 (1966). 

1218 


