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In rabbi t s  in which functional ove r s t r a in  of the CNS was produced for  two y e a r s  changes 
developed in cho les te ro l  metabol i sm (an increase  in the total  choles te ro l  level  and a re la t ive  
dec rease  in i ts e s te r i f i ed  fraction),  accompanied by fatty degenerat ion of the l iver  and, in 
some cases ,  by l ipoidosis of the aor ta  and the in t ramura l  a r t e r i e s  of the myocardium.  Un- 
der  these conditions morphological  changes (an increase  in the volume of the nuclei of neu- 
rons  of the supraoptic region) indicating changes in the s e c r e t o r y  function of the hypothala- 
mo-hypophyseal  n e u r o s e c r e t o r y  sys tem developed. 

This  investigation is a continuation of work devoted to the study of the ro le  of prolonged functional 
ove r s t r a in  of the CNS in the pathogenesis  of a the rosc l e ros i s  [1-5, 7-11]. 

During overac t iv i ty  of the CNS, dis turbances  of choles tero l  metabol ism were  compared  with mor -  
phological changes in the hypothalamo-hypophyseal  neu rosec re to ry  system,  blood vesse ls ,  and v i scera .  

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

Over s t r a in  of the CNS was produced in five male rabbi ts  by two or  three  repeti t ions of 100-day cycles  
of random al ternat ion of per iods  of "work w and nres t  ~ [2, 4]. The exper iment  las ted two yea r s .  Three  r ab -  
bi ts  acted as the control .  E v e r y  15-20 days the concentra t ion of total,  es te r i f led ,  and f ree  choles tero l  in 
the blood and the mean daily excre t ion  of bile acids with the feces  were  de termined [1]. The initial values 
of the p a r a m e t e r s  of cho les te ro l  metabol i sm were  de termined before  the f i r s t  100-day cycle.  

To cha rac t e r i ze  the condi t ioned-ref lex  activity of the rabbi t  the positive condi t ioned-ref lex r e sponses  
were  counted and expres sed  as a percentage of the total  number  of stimuli.  Condit ioned-reflex changes in 
r e sp i r a t i on  (holding the breath,  rapid  breathing,  change in amplitude, etc.) were  analyzed separate ly .  
These  changes were  a s se s sed  as a weak condi t ioned-ref lex  response .  After  the end of the exper iments  
the aor ta  and in t ramura l  blood vesse l s  of four exper imenta l  and two control  rabbi ts  were  subjected to h is -  
tological  investigation. 

The n e u r o s e c r e t o r y  sys tem was studied in se r ia l  brain sections by Gomor i ' s  method in MaiorovaTs 
modif icat ion [6] and by Niss l ' s  method.  The volume of the nuclei of the neurons  also was determined [13]. 
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Fig. lo Blood cholesterol  concentrat ion and mean daily excretion 
of bile acids (in % of initial level) during 100-day cycles  of random 
alternation of periods of nwork" (1) and " res t"  (2): a) f i rs t  100- 
day cycle; b) second 100-day cycle; c) third 100-day cycle.  Con- 
tinuous line r ep resen t s  blood cholesterol ,  broken line shows excre -  
tion of bile acids. Frac t ion  under curves  shows number of positive 
condit ioned-reflex responses  (in % of total number of stimuli in 
that par t icu lar  period of the experiment);  numerator  - breath hold- 
iilg, denominator - total number of positive responses  (breath 
holding + change in respira t ion) .  

EXPERIMENTAL RESULTS 

The parameters of cholesterol metabolism and bile acid excretion in the control rabbits during the 

experiment were within normal physiological limits. The total cholesterol concentration in the blood was 

37 =e 7.6 mg%, cholesterol esters 25.0 �9 6.5 mg%, and free cholesterol 13~ -~ 3.9 rag%. The mean daily ex- 
cretion of bile acids was 34.0 �9 5.7 rag. The original values in the experimental rabbits were indistin- 

guishable from those given above. 

In the experimental  rabbits  the condit ioned-reflex response  was manifested as changes in the f re -  
quency and amplitude of the r e sp i r a to ry  movements  and, less frequently, by r e sp i r a to ry  a r res t .  The con- 
ditioned reflex was formed quickly (on the third-fourth  day of the experiment) and was stable. The pe r -  
centage of positive responses  varied from 50 to 90. During repeated cycles of sustained condit ioned-reflex 
activity the number of positive condit ioned-reflex responses  decreased.  The experimental  rabbits  did not 
develop a noticeable neurosis .  

The blood cholesterol  level rose  in all the animals during functional overs t ra in  of the CNS (up to 170- 
180% of its initial value). There  was a marked  tendency toward a.relat ive decrease  of the es ter i f ied  cho-  
les terol  fraction,  possibly the resu l t  of the diminution of l iver function caused by the developing fatty de- 
generat ion [4]. During the repeated cycles  the cholesterol  level rose  progress ive ly .  

The curves  ref lect ing changes in the cholesterol  level in all the animals showed a wel l -marked  fluc- 
tuating charac te r .  With an increase  in s train on the CNS the curve of the blood choles terol  concen[ration 
rose ,  but it still  remained  wave-l ike In cha rac t e r  (Fig. 1). In all the experimental  rabbits  a s tat is t ical ly 
significant increase  in the excret ion of bile acids was observed,  but these excret ion curves  likewise fluc- 
tuated throughout the cycle.  The degree of fluctuation decreased  slightly toward the end of the 100-day 
cycle of sustained condit ioned-reflex activity (Fig, 1). 

Toward the end of the exper iment  small  d iscrete  areas  of lipoid infiltration of the sIightly thickened 
intima and adjacent inner layer  of the media were detected on the inner surface of the aor ta  of one of the 
experimental  rabbits  (Fig. 2A). In the other experimental  rabbi ts  no changes were present  in the wall of 
the aorta.  In one rabbit  (Fig. 2]3) focal lipoid infiltration of the wall of a med ium-ca l ibe r  co rona ry  a r t e ry  
was found in the myocard ium of the left ventricle.  In another case a diffuse-focal  fatty infiltration of the 
muscle  f ibers of the myocard ium was observed (Fig. 2C). All the experimental  animals showed fatty degen- 
era t ion of the l iver  (Fig. 2D). In one of them, in addition, l ipoidosis of the wall of the hepatic a r t e r y  was 
present .  
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Fig. 2. S t ruc tura l  changes in organs  during prolonged 
o v e r s t r a i n  of the CNS: A) l ipoidosis  of the aor ta .  Rab-  
bit  No. 9. (Here and in B, C, D - s tained by Goldman 's  
method; 200x); B) focal  lipoid inf i l t rat ion of wall  of 
co rona ry  a r t e r y .  Rabbi t  No. 14; C) fat ty degenera t ion  of 
musc le  f ibe r s  of m y o c a r d i u m .  Rabbit  No. 12; D) fat ty 
degenera t ion  of the l iver .  Rabbi t  No. 12; E) supraopt ie  
nucleus of hypotha lamus  of r abb i t  No. 14 a f t e r  functional 
o v e r s t r a i n  of the CNS. (Here and in F -  stained by 
G o m o r i - M a i o r o v a  method;  400x); F) the same  in a con- 
t ro l  rabbi t .  

Consider ing  that  the development  of l ipoidosis  of the blood vesse l s  in rabb i t s  is a ssoc ia ted  as a rule  
with the admin is t ra t ion  of exogenous cho les te ro l  [12, 14] the changes now d i scovered  in the blood ves se l s  
and m y o c a r d i u m  in an ima l s  on an o rd ina ry  diet m a y  have been due to dis turbance of endogenous cho les te ro l  
m e t a b o l i s m  as  a r e s u l t  of o v e r s t r a i n  of the CNS. 

On his to logica l  examinat ion  of the hypothalamus a ve ry  smal l  quantity of n e u r o s e c r e t o r y  subs tances  
was found. The neurons of the supraopt ic  and p a r a v e n t r i c u l a r  nuclei were  la rge  in size and contained 
swollen nuclei (Fig. 2E). On k a r y o m e t r y  a s ta t i s t i ca l ly  significant (P < 0.001) inc rease  in volume of the 
nuclei of  the neurons  of the supraopt ic  reg ion  was found in the exper imenta l  rabbi t s .  

In one of the rabbits in which the excretion of bile acids was high, the increase in the blood choles- 
terol level was very slight, the signs of lipoidosis in the blood vessels were weak, and the changes in the 
neurosecretory system of the hypothalamus were least marked by comparison with the other experimental 
animals. 

The results of this investigation show that during prolonged functional overstrain of the CNS changes 
are observed in cholesterol metabolism which in every case are accompanied by fatty degeneration of the 
liver, and in individual cases by lipoidosis of the aorta and the intramural artery of the myocardium. 
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Functional strain on the CNS evidently leads to changes in the secre tory  function of the hypothalamo-hypo- 
physeal neurosecretory system. 
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