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CHANGES IN DENDRITES OF CORTICAL NEURONS 

IN EXPERIMENTAL ALCOHOL INTOXICATION 

]~. N. Popova UDC 615.917'262.015.4:612.82 

Dendri tes of cor t ica l  neurons were studied in r a t s  in the different s tages of alcohol intoxica- 
tion. Two categor ies  of changes in the dendri tes develop under these c i rcumstances :  des t ruc -  
tive and compensatory.  The dynamics of these changes depends on the periods of alcohol 
intoxication and individual differences in the centra l  nervous sys tem of the animals.  

KEY WORDS: ce reb ra l  cortex;  action of alcohol; dendrites.  

Many clinical and experimental  investigations have shown that prolonged alcohol intoxication leads to dis-  
turbances of higher nervous activity, changes in autonomic, somatic,  emotional, and mental  functions, depres -  
sion of cor t ical  excitability, phasic changes in the EEG, and so on [1, 3, 9, 12]. 

Changes in nerve cells,  f ibers,  glia, and blood vesse ls  during prolonged alcohol intoxication in man and 
experimental  animals have been studied in detail by the methods of light microscopy .  An initial lesion of c o r -  
tical s t ruc tures  followed by the spread of the p rocess  to the subcortex, brain stem, and spinal cord is gener-  
ally accepted. Some invest igators  have stated that the changes in the nerve cells  are revers ib le  during the 
f i r s t  20 days of chronic alcohol poisoning [4, 11]. It has recent ly  been shown that the s t ructure  not only of 
nerve and glial cells, but also of interneuronal  connections, is changed in alcohol intoxication [2, 11]. 

Considering the important  role of dendrites in the mechanisms of brain activity and the absence of data 
of the dynamics of changes in the dendritic apparatus of neurons in alcohol intoxication, the investigation de- 
scr ibed below was undertaken in order  to study changes in the dendrites and their s p i n e s -  the specific poet-  
synaptic receptor  s t ruc tures  - at different t imes during experimental  alcohol intoxication. 

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

Exper iments  were ca r r i ed  out on albino ra t s  aged 3 months which were given a 35% solution of ethyl alco- 
hol instead of water.  In the initial period (10-20 days) they were given 2-3 ml alcohol daily, for 2-2.5 months 
the mean daily dose of alcohol was increased to 8-10 ml, and s tar t ing from the third month the dose given was 
14-17 ml. The animals were killed 10 and 20 days and 2, 4, 8, and 12-15 months after the beginning of the ex- 
periment.  Golgi 's  s i lver  impregnation method was used. 

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

After the f i rs t  10-20 days of the experiment  neurons whose dendrites,  especial ly  the basal, contained few 
spines and somet imes  had i r regular  outlines and no spines whatsoever,  were found in the lower layers  of the 
cortex.  The dendrites of mos t  neurons of the upper layers  of the cortex, on the other hand, were covered by 
many spines. Whether there were few or many spines, some of them showed hypertrophy.  Contacts of var icose 
type between p rocesses  of the swollen oligodendrocytes and the main trunks and the infrequent spines of the 
dendrites could be seen (Fig. 1). 

After 2 months of alcohol intoxication the i r regula r i ty  of the outlines of the dendrites of many small  and 
medium-s ized  neurons in the lower layers  of the cor tex increased.  In most  cells the basal dendrites had no 
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Fig. 1. Reduction in number of dendritic spines, i r regular i ty  of outlines of 
apical dendrites,  and glio-dendri t ic  contacts  in layer V of sensomotor  cor tex 
of r a t s  20 days after beginning of alcohol intoxication. Golgi, 900x. 

Fig. 2. Corkscrew- l ike  appearance of apical dendrite of large neuron 
in layer V of sensomotor  cortex 4 months after beginning of alcohol in- 
toxication. Golgi, 900• 

spines and some of them showed var icose  changes; the number of spines on the apical dendrites was sharply 
reduced.  In the upper layers  of the cortex, besides neurons whose dendrites were covered by numerous  hype r -  
trophied spines, there were others whose dendrites had very  few spines or none whatsoever.  

After 4 months of alcohol intoxication a sharp decrease  in the number of spines on the dendrites was ob- 
served and wave-like undulations formed along the course  of the dendrites (Fig. 2). 

At the eighth month of alcohol intoxication "spineless" neurons,  neurons with few spines, and neurons 
densely covered with spines were observed in the cortex, but after 12-15 months the branches of the dendrites 
became thinner, their power of impregnation was reduced, and they developed local vacuolation (Fig. 3). tn the 
upper layers  of the cortex,  neurons with a dense covering of spines could still be seen. Some of the spines 
were hypertrophied or showed project ions resembl ing  cones of growth. Prol i ferat ion of drainage fo rms  of 
ol igodendrocytes was wel l -marked,  and the p rocesses  of some of them, like those of oligodendrocytes with the 
typical s t ructure  of the intact animal, formed glio-dendrit ic  contacts in different parts  of the apical dendrites 
of the neurons. 

In the ea r ly  stages of alcohol intoxication the dominant changes in the ce rebra l  cor tex of the ra t s  were 
thus functional (reversible)  changes in the dendri tes.  Changes of a compensatory  charac te r  also were seen: 
an increase  in number and hyper t rophy of the dendritic spines, possibly due to hypert rophy of the spinous ap- 
paratus,  to which great  importance is attached in the integrative activity of the neuron [5, 7]. The disturbance 
of the s t ructure  of the dendrites,  ref lec t ing the slower conduction of nervous impulses to the cell body 
[8, 13, 14], was evidently compensated by hyperplas ia  of the glial ceils  and the format ion of gl io-dendri t ic  
contacts,  maintaining the functions of the damaged nerve cel ls .  The changes descr ibed above can be regarded  
as a phase of format ion of compensa tory  mechan isms  in accordance with the classif icat ion of phases of a 

103 



Fig. 3. Thinning, deformat ion,  and localized vacuolation along the course  of 
basal  dendri te of neuron in layer  V of sensomotor  co r t ex  1 yea r  af ter  begin- 
ning of alcohol intoxication. Golgi, 900• 

compensa to ry  c h a r a c t e r  [6].  During this per iod the condi t ioned-ref lex act ivi ty  of r a t s  is  not significantly d i s -  
turbed [10].  

The per iod of 2-4 months alcohol intoxication can be r ega rded  as a per iod of unstable compensat ion,  in 
Lapin ' s  c lass i f ica t ion  [6].  

After  m o r e  than a yea r  of alcohol intoxication, despite  signs of compensa to ry  p r o c e s s e s  (hyperplas ia  and 
hyper t rophy  of the glia, the fo rmat ion  of gl io-dendri t ic  contacts ,  hyper t rophy  of spines and the fo rmat ion  of 
projec t ions  r e s e m b l i n g  cones of growth), degenera t ive  changes in the dendr i tes  of the cor t ica l  neurons  became 
the dominant fea ture .  

According to physiological  data, the learning p r o c e s s  in r a t s  is s ignif icantly changed af ter  the 8th month 
of atoohol intoxication: the fo rmat ion  of condi t ioned-ref lex  chains of m o v e m e n t s  is g rea t ly  r e t a r d e d  on account 
of the g rea te r  intensity of the pa s s ive -de fens ive  r e sponse  and the weak oharac te r  of or ient ing- inves t iga t ive  ac -  
t ivity.  The condi t ioned-ref lex  act ivi ty  becomes  purpose less  in cha rac t e r .  Rats  can be t ra ined only by a pa s -  
sive method [10]. 

While the specia l  suscept ib i l i ty  of the c e r e b r a l  cor tex  to the action of alcohol will be noted, the g rea t e r  
vulnerabi l i ty  of the dendri t ic  appara tus  of the e f fe ren t  neurons  of the lower l aye r s  mus t  be emphas ized ,  i .e. ,  
neurons  of the cor t i ca l  project ion sys t em are  more  vulnerable than neurons  of the upper  l ayers ,  which are  p r e -  
dominantly assoc ia t ive  in function. During prolonged alcohol poisoning the s t ruc tu re  of  the dendri tes  is  d i s -  
turbed and the working capaci ty  of the neuronal  ensembles  in the upper l aye r s  of the cor tex  is cor respondingly  
reduced.  P r e s e r v a t i o n  of the functions of the CNS in alcohol poisoning can be at t r ibuted to compensa to ry  and 
adaptive changes which make  up for  the deficit  of nerve  cel ls .  
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