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Functional s t rain on the CNS was combined in chronic experiments  on seven dogs with other 
fac tors  changing the hormonal  status of the animal  - cas t ra t ion  and injection of mercazoly l*  
in doses  of 1.5-2.5 mg/kg  (group 1). The six control  dogs (group 2) underwent cas t ra t ion  and 
injection of mercazo ly l  only. The animals of group 1 developed pers i s ten t  hypercholes te remia ,  
a therosc lero t ic  changes in various in t ramural  a r t e r i e s ,  especially of the myocardium,  and 
also degenerat ive changes in the parenchyma of cer ta in  organs,  whichwere  not found in the 
animals of group 2. The resu l t s  of this investigation demons t ra te  the important  ro le  of func- 
tional s t rain on the CNS as a leading "risk" fac tor  responsible  for dis turbances  of the r egu-  
lation of lipid metabol ism and the development of a tberosc lero t ic  changes in the vessels .  
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Previous  experimental  investigations [3, 4, 7-15] demonst ra ted  the important  ro le  of prolonged func- 
tional s t rain on the CNS in the dis turbance of metabol ism of endogenous cholesterol ,  thus providing an ap-  
proach to the study of some  mechanisms  of the pathogenesis  of a the rosc le ros i s .  

In the presen t  investigation the effect of prolonged strain on the CNS was studied on endogenous cho-  
les terol  metabol ism and on the development of s t ruc tura l  changes in the ca rd iovascu la r  sys tem and organs 
af ter  modification of the hormonal  status. 

EXPERIMENTAL METHOD 

Experiments (duration six years) were carried out on 13 male dogs, of which seven were experimental 
(group i) and six were controls (group 2). 

Functional stress and strain on the CNS were induced by the formation of a breath-holding reflex and 
its subsequent reproduction [8, 9]. Periods of reproduction of the reflex (duration 30-40 or 80 days) alter- 
mated with periods of rest of the same duration. Conditioned,reflex activity was assessed by calculating 
the total percentage of positive responses in the form of a change in the breathing pattern or breath-holding. 
Altogether seven periods of reproduction of the reflex were carried out, in which the first stress varied in 
strength and duration and was applied against a normal or abnormal hormonal status. The latter was pro- 
duced by castration and by moderate inhibition of thyroid function by means of the thyrostatic agent merca- 
zolyl (1.5-2.5 mg/kg). 

The control dogs underwent castration only and they received meroazolyl in the same dose as the ex- 
perimental dogs. 

* l-methyl-2-merc aptoimidazole. 
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I 
Fig. 1. St ructura l  changes  in ve s se l s  and organs  of dogs with 
s t r a in  of CNS combined with inhibition of endocrine function. 
A) Dog Rubin; segmenta l  fatty inf i l t rat ion of wall  of smal l  m y o -  
ca rd ia l  a r t e ry ;  B) dog Sharik; ~ntramural  a r t e r y  of myocard ium;  
a the rosc le ro t i e  plaque obl i tera t ing lumen of vesse l ;  C) thyroid 
gland: l ipoidosis  of wall  of l a rge  a r t e ry ;  D) dog Sharik; fatty 
degenerat ion of myocard ia l  musc l e  f ibers ;  E) dog T s e r b e r ;  k id-  
ney: fatty infi l t rat ion of epithelium of convoluted tubules with 
en la rgment  of the i r  lumen; F) dog Sharik; infi l t rat ion of l i ve r  
ce l l s  with l a rge  fat  drople ts .  A, C, D, E, F) Goldman 's  stain,  
140 x; B) S teedman ' s  stain,  140 x. 

The content of total  cho les t e ro l  and i ts  f rac t ions  in the blood s e r u m  was de te rmined  by the method of 
Balakhovski i  and Balakhovskii  [1] in the initial per iod,  the per iod  of s t ra in  on the CNS (on the 5th, 10th, 
20th, 30th, 40th, 60th, and 80th days),  and during the per iod  of r e s t  on the exper imenta l  dogs and at  c o r -  
responding t imes  on the control  dogs. Af te r  the end of the exper iment  the an imals  w e r e  kil led by e l ec t ro -  
cution and a morphologica l  study made  of the c a r d i o v a s c u l a r  s y s t e m  and in ternal  organs  (myocardium,  
l iver ,  kidneys, spleen,  lungs, adrenals ,  thyroid gland). Atherosc le ro t i c  changes  in the i n t r a m u r a l  ve s se l s  
and in the aor ta  w e r e  detected by the use  of Van Gieson and Goldman 's  methods,  and mueopolysacchar ides  
(MPS) of the ground subs tance  of the ves se l  walls  w e r e  detected by S teedman ' s  method. 

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

The initial  s e r u m  total  cho le s t e ro l  level  of the exper imenta l  and cont ro l  dogs was 146.0 �9 1.4 and 
150.0 a 1.9 mg/100  ml,  r e spec t ive ly .  In the exper imen ta l  dogs 6 y e a r s  l a t e r  the total  s e r u m  cho les t e ro l  
was 6-66% (mean 32~c) h igher  than initially, whereas  in the control  group it was  inc reased  in half  of the 
an imals  by 3-18%, but was  below the initial  level  in the r e s t  (the mean value fo r  the group as  a whole was  
the s a m e  as initially). 
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The high b lood-cho les te ro l  level  at  the end of the exper imen t  is evidence that long per iods  of r e s t  
a f t e r  s t r a in  of  the CNS did not r e s t o r e  no rma l  cho les t e ro l  m e t a b o l i s m  in the exper imenta l  an imals .  

Funct ional  s t ra in  on the CNS, in conjunction with modif icat ion of the ho rmona l  s ta tus ,  was thus a c -  
companied  by m arked  changes  in cho les t e ro l  me tabo l i sm  which developed in this group of exper imenta l  
dogs sooner  than in an ima l s  exposed to functional s t r a in  on the CNS only [11]. 

His to logical  examinat ion of the v e s s e l s  of the h e a r t  f rom the dogs of group 1, in which the blood cho-  
l es te ro l  level  was 6-28 % higher  than init ially (the dogs I r i s ,  Rubin, Belyak,  and Seryi) ,  r evea led  changes  in 
the myoca rd i a l  a r t e r i e s  of medium and sma l l  c a l i b e r  in the fo rm of an accumulat ion of acid MPS in th ick-  
enings of the int ima,  o r  of segmenta l  o r  c i r c u l a r  fatty inf i l t rat ion of the in t ima and media  of the ve s se l s  
(Fig. IA). 

When the blood cho les t e ro l  l eve l  was  r a i s ed  much higher  than init ially (by 34-66 %; dogs T s e r b e r ,  R y -  
zhik, Sharik),  definit ive a the rosc l e ro t i c  p laques  with a w e l l - m a r k e d  connec t ive - t i s sue  skeleton and with a 
ground subs tance  dominated by neutra l  MPS w e r e  found along with l ipoidosis  in the walls  of the m y o c a r d i a l  
ve s se l s .  These  plaques  a lmos t  comple te ly  obl i te ra ted  the lumen of the ve s se l s ,  as  was seen pa r t i cu l a r ly  
c l ea r ly  in the dogs Ryzhik and Shar ik  (Fig. 1B). 

Simultaneously ~vith changes  in the myocard ia l  a r t e r i e s ,  in some  dogs l ipoidosis  was found in the 
walls  of the smal l  and l a r g e r  a r t e r i e s  of the thyroid glands (Fig. 1C). Widespread  l ipoidosis  of the smal l  
fo l l icular  and t r a b e c u l a r  a r t e r i e s  of the spleen occu r r ed  in all  the dogs of this group. Foci  of thickening of 
the int ima,  with p redominance  of sc le ro t ic  changes  and with no f ea tu res  of fatty infi l trat ion,  w e r e  observed  
in the aor ta .  

I r r e s p e c t i v e  of the deg ree  of elevat ion of the blood cho les t e ro l  level ,  in all  the dogs of group 1 de-  
genera t ive  changes  were  found in var ious  organs .  F o r  instance,  in f ive  of the seven dogs fatty degenerat ion 
of the musc le  f ibers  of the m y o c a r d i u m  was p r e sen t  and was pa r t i cu la r ly  ma rked  in the dog Sharik (Fig. 1D). 
The lumen of the convoluted tubules in the co r t ex  of the kidney was  widened and the epi thel ium showed 
marked  fea tures  of fatty degenera t ion  (Fig. 1E). In a few c a s e s  drople t s  of fat w e r e  found in the endothelium 
of the g l o m e r u l a r  cap i l l a r i e s .  

Fat ty inf i l t rat ion of the ce l l s  in the l i ve r  ce l l s  with l a rge  drople t s  was  found in dogs with a c o n s i d e r -  
ably e levated blood Cholesterol  (Fig.  1F). In s o m e  (three of seven) dogs the content  of l ipids in the ce l l s  of 
the zona fasc icu la ta  and zona g lomeru losa  of the adrena l s  was inc reased  and the boundar ies  between the 
var ious  zones w e r e  dis turbed.  In th ree  dogs fatty degenera t ion  of the smooth musc l e s  surrounding the l a r g e  
bronchii  was found in the lungs. In mos t  dogs the v e s s e l s  of the in ternal  organs  w e r e  dilated and contained 
lip emic p l a sma .  

No a the rosc l e ro t i c  changes w e r e  p re sen t  in the ve s se l s  of the control  dogs. A v a r i e d  deg ree  of fatty 
degenera t ion  of the p a r e n c h y m a  was found in the i r  in terna l  organs  (kidneys, l iver ,  adrenals ) ,  but it was 
much l e s s  s e v e r e  than in the exper imen ta l  dogs. 

Compar i son  of the r e s u l t s  of the b iochemica l  and pa thomorpho log ica l  invest igat ions shows that c a s -  
t ra t ion  and prolonged admin is t ra t ion  of m e r c a z o l y l  a r e  accompanied  by t r ans ien t  d i s tu rbances  of the en-  
dogenous blood cho les t e ro l  level  and by m ode ra t e  degenera t ive  changes  in ce r t a in  o rgans  par t ic ipa t ing  in 
the regula t ion of lipid me tabo l i sm.  However ,  under  these  exper imenta l  conditions the an ima l s '  c a r d i o v a s -  
cu l a r  s y s t e m  remained  intact. 

The appl icat ion of functional s t ra in  on the CNS in conjunction with a modif ied hormona l  s ta tus  gave 
r i s e  to a las t ing  i nc rea se  in the endogenous cho les t e ro l  level  and to the  development  of a the rosc le ro t i c  
changes  in var ious  i n t r amura l  a r t e r i e s ,  chiefly in the myocard ium,  and also to the appea rance  of deg en e r -  
at ive changes  in the p a r e n c h y m a  of some  organs .  Changes d i scovered  in the vascu l a r  s y s t e m  of the ani -  
ma l s  of group 1 were  s i m i l a r  in c h a r a c t e r  to the s t ruc tu ra l  changes  d i scovered  in the blood ve s se l s  of dogs 
rece iv ing  an atherogenic  diet [2, 5, 6, 16]. 

The r e su l t s  thus d e m o n s t r a t e  the impor tan t  ro le  of functional s t ra in  on the CNS as one of the leading 
" r i sk"  f ac to r s  de te rmin ing  a d i s tu rbance  of the regula t ion  of l i p i d - c h o l e s t e r o l m e t a b o l i s m a n d  the onset  of 
a the rosc l e ro t i c  changes.  
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