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Al imen ta ry  hyperg lycemia  and insulin deficiency in rabbi t s  we re  accompanied  by a the ro -  
sc i e ro t i c  les ions  of the aor ta ,  the s eve r i t y  of which inc reased  if the s a m e  animals  were  fed 
with choles tero l .  The morphological  and h is tochemical  changes found in the wall  of the aor ta  
c o r r e l a t e  with a therogenic  b iochemica l  shif ts  es tab l i shed  prev ious ly  in the blood s e r u m  of 
animals  of the cor responding  groups.  
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T h e  role  of h y p e r c h o l e s t e r e m i a  in the pathogenesis  of a t he ro sc l e ro s i s  is genera l ly  accepted  [2, 4]. 
Exper imenta l ,  epidemiologieal ,  and cl inical  observa t ions  conf i rm also the concept of the a therogenic  action 
of an excess ive  intake of s imple  ca rbohydra tes  [3, 5-8]. The wr i t e r s  showed p rev ious ly  [3] that prolonged 
hype rg lycemia  in rabbi t s  is accompanied  by elevation of the s e r u m  levels  of choles terol ,  t r i g lyce r ides ,  and 
p r e - f l - l i p o p r o t e i n s ,  c a r r i e r s  of endogenous t r ig lyce r ides .  Feeding animals  with choles te ro l  against  the 
background of hype rg lycemia  led to e a r l i e r  and more  s e v e r e  a therogenie  d is turbances .  

It was in teres t ing  to study to what extent the changes mentioned above in the blood s e r u m  affect  the 
morphologica l  and his tochemical  changes in the blood ves se l  wall.  

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 43 male  chinchilla rabbi ts  (weight 2.5-3.5 kg). The animals  were  
divided into s ix  groups:  1) control ,  2) rabbi t s  r ece iv ing  choles tero l  in a dose of 1 g /kg  daily for  3 months,  
3) rabbi t s  r ece iv ing  glucose in a dose of 6 g /kg  daily for  6 months,  4) rabbi t s  rece iv ing  glucose by the s ame  
p r o g r a m ,  followed by glucose and choles te ro l  in a dose of 1 g /kg  each on a l te rna te  days for  1 month, 5) r a b -  
bits r ece iv ing  alloxan (5% solution intravenously) in a dose of 130-150 mg /kg  body weight, and 6) rabbi t s  
with alloxan diabetes rece iv ing  choles te ro l  in a dose o f l  g /kg  daily for  1 month. 

The s e v e r i t y  of the a the rosc l e ro t i c  les ions  of the aor ta  was a s s e s s e d  by di rec t  p l an ime t ry  [1]. 

The animals  were  kil led by a i r  embol i sm.  Pieces  of the thoracic  and abdominal  pa r t s  of the aor ta  
were  fixed in 10% neut ra l  fo rmal in  solution and embedded in paraf f in  wax. The sect ions  were  s ta ined with 
h e m a t o x y l i n - e o s i n  and with alcian blue for acid mucopolysacchar ides  (MPS), the PAS reac t ion  was c a r r i e d  
out for  glycogen and for neut ra l  MPS by Shabadash 's  method,  and a combined staining p rocedure  was used 
for  connective t i s sue  (collagen and e las t ic  f ibers) .  Another pa r t  of the ma te r i a l  was f rozen with sol id c a r -  
bon dioxide, sec t ions  were  cut to a th ickness  of 12 p in a c ryos ta t  at -14~ and these were  then s tained 
with Sudan III  for  lipids and reac t ions  were  c a r r i e d  out for  g lu tamate  dehydrogenase (GD), cy toplasmic  and 
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Fig. 1. Morphological changes in rabbi t  aor ta :  ]) aor t ic  wall  of intact rabbi t  (hema- 
t o x y l i n - e o s i n ,  250 • 2) s l ight loosening and thickening of intima of aor ta ,  beneath 
which is diffusely stained bo rde r  of PAS-posi t ive subs tances ,  in a rabbi t  r ece iv ing  
glucose (alcian blue + PAS; 250• 3) aor t ic  wall  in rabbi t  rece iv ing  glucose 
and choles terol :  a r eas  of hyal inosis  and s c l e r o s i s ,  in the substance  of which are  
Iipoid foci (hematoxyHn-eos in ,  250 • 4) d isorganizat ion of e las t ic  and collagen f ibers  
in media  of aor ta ,  with empty  spaces  between them,  in rabbi t  with alloxan diabetes 
(combined staining with p i c r o f u c h s i n - f u c h s e l i n  for connective t i ssue;  250 • 5) a the ro -  
sc l e ro t i c  changes in aor t ic  wall  occupying 70% of its total  a r ea ,  in rabbi t  with alloxan 
diabetes rece iv ing  choles te ro l  (hematoxy l in -eos in ,  250 • 6) aor t ic  wall  of s ame  r a b -  
bit:  loosening and f ragmenta t ion  of collagen and e las t ic  f ibers  of aor t ic  wall  vis ible  
beneath plaque (combined staining with p i c ro fuchs in - fuchse l i n  for  connective t i ssue ,  
250 • 

mitochondr ia l  ~ -g lyce rophospha te  dehydrogenase (~-GPD), succinate dehydrogenase (SD), and g lucose -6 -  
phosphate  dehydrogenase (G6PD) by the method of Nachlas et al . ,  with the addition of menadione to the in- 
cubation medium in a final concentrat ion of 0.05 M. Sections incubated in medium without subs t ra te  acted 
as the control .  Enzyme act ivi ty  was judged f r o m  the density of distr ibution of d i formazan  granules fo rmed  
during the reac t ion  in the cy top lasm of the cel ls .  

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

In l0 control  rabbi t s  the wall of the ao r t a  was uni form in thickness and had a smooth  intima; the epi-  
thelial cel ls ,  a r r anged  in a r egu la r  l aye r ,  were  s epa ra t ed  by an e las t ic  m e m b r a n e ,  and the media  and ad-  
ventia were  well developed. Elas t ic  f ibers  s ta ined intensely and uniformly and were  modera te ly  tortuous 
in thei r  course .  The ground subs tance  could be seen  between the e las t ic  and collagen f ibers  andthe smooth -  
musc le  cel ls  of the inner th i rd  of the media.  No lipids were  seen  in the walt  of the aor ta .  Smal le r  amounts 
of PAS-posi t ive  substances  than of acid MPS were  p re sen t  in the su r face  l aye r s  of the int ima and in the 
media  (Fig. 1). 

In all  f ive an imals  rece iv ing  choles te ro l  (group 2) the ao r t a  showed a the rosc le ro t i c  changes cons i s t ingof  
lipid s t r a ins  and s t r ips  (Avtandilov 's  s tage 1). The a the rosc le ro t i c  index reached  17.5-18.1 (degree IID. 
His to logical  invest igat ion showed m a r k e d  thickening of the inttrna of the aor ta  and swelling of the endo- 
the l ium.  Many xanthoma cel ls ,  a r r anged  in groups,  and pale honeycombed format ions ,  surrounded by 
del ica te  bands of col lagen f ibers ,  which bounded the plaque external ly ,  could be seen  in the widened sub-  
endothelial  l aye r .  Staining with Sudan III r evea led  l a rge  amounts of fat in the lipoid plaque. Most of the 
Iipids were  concent ra ted  in the widened subendotheliat  l aye r ,  in its ground substance ,  and in the l a rge  xan-  
thoma cells .  In the f ree  spaces  between the cel ls  lipids were  p resen t  as la rge  local ized accumulat ions and 
tiny dust- l ike  pa r t i c l e s  in the ground substance.  The content and distr ibution of PAS-posit ive substances  
were  i r r egu la r ,  and they were  espec ia l ly  numerous  in the ground substance and the s m o o t h - m u s c l e  cel ls  of 
the media.  Acid MPS were  seen  in la rge  amounts at the base  of the plaque, where  pro l i fe ra t ion  of collagen 
f ibers  and e las t ic  m e m b r a n e s  were  observed.  
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Of the s ix  rabbi t s  which r ece ived  glucose (group 3), so l i t a ry  projec t ing  lipid plaques located in the 
thorac ic  pa r t  of the ao r t a  (stage I) were  found in only one, and the a the rosc le ro t i c  index was 14.6 (degree I). 
Microscopical ly  the, int ima of this aor ta  was sl ightly loosened in s t ruc tu re  and thickened beneath the swollen 
epi thel ium, the cy top lasm of which was vacuolated; single cel ls  with lipid inclusions were  p re sen t  in this 
a rea .  The walls of the other aor tas  were  of uniform thickness  with a smooth  shining intima. In sect ions  
s tained with h e m a t o x y l i n - e o s i n  it had its usual s t ruc tu re .  In near ly  all  aor tas  of the animals  of this group 
a na r row diffusely s ta ined bo rde r  of PAS-posi t ive ma te r i a l s  could be seen  in the whole length of the int ima 
beneath the endothelium. 

In five of the s ix rabbi t s  r ece iv ing  glucose and choles te ro l  (group 4) a the rosc le ro t i c  changes of s tage 
I were  seen  in the aor ta  (lipid s ta ins  and s t r ipes ) ,  and changes of s tage II (fibrous plaques) in one rabbi t .  
P ro jec t ing  lipoid plaques were  more  frequent ly  located in the a rch  of the aor ta ,  less  f requent ly  in the tho-  
r ac i c  and abdominal  port ion.  Lipoid plaques in the ascending aor ta  were  close to each other and had a ten-  
dency to fuse together .  The a the rosc l e ro t i c  indices r eached  17.5 (degree I-III) .  The mic roscop i c  p ic -  
t u r e  of the aor t i c  wall  was  c h a r a c t e r i s t i c  of the above-ment ioned  s tages  of a t h e r o s c l e r o s i s .  

Of 11 rabbi t s  with alloxan diabetes (group 5), only in one (severe diabetes) did the aor ta  show a the ro -  
sc l e ro t i c  changes in the f o r m  of lipid s ta ins  and fibrous plaques (stage II), with an a the rosc le ro t i c  index of 
6.6 (degree I). Microscopica l ly  the f ibrous plaques consis ted a lmos t  en t i re ly  of f ibers  of ground substance 
and coa r se ly  honeycombed s t ruc tu re s .  In the region of the plaque there  were  few collagen f ibers .  In all  
c a s e s ,  including mild fo rms  of diabetes ,  d isorganizat ion of the e las t ic  and collagen f ibers  of the media ,  be -  
tween which neu t ra l  and a s m a l l e r  amount of acid MPS accumulated,  was a noteworthy feature .  

In all  ten animals  with alloxan diabetes and rece iv ing  choles tero l  (group 6) ,marked  a the rosc l e ro t i c  
les ions  were  p re sen t  in the aor ta :  the a the rosc l e ro t i c  index var ied  f r o m  3.1 (degree I) to 70 (degree V); 
the a the rosc l e ro t i c  changes r eached  s tages  I and II. Microscopical ly  the plaques consis ted of loosened and 
f ragmented  collagen and e las t ic  f ibers  and connec t ive- t i s sue  cells;  they contained considerable  amounts of 
fat  in the ground substance  and in the cy top lasm of the macrophages .  Acid and, to a l e s s e r  degree ,  neutral  
MPS accumula ted  in the ground substances  of the plaques and in the regions  surrounding them. Focal in- 
f i l t ra t ion of the int ima with dust- l ike  pa r t i c les  and tiny droplets  of fat a lso was observed.  

His tochemical  investigation of the act ivi ty of oxidative enxymes in the endothelial cel ls  of the aor ta  
showed that in rabbi t s  with exogenous and endogenous hyperg lycemia  (groups 3 and 5) act ivi ty of GD and 
cy toplasmic  a - G P D  was above the control  level ,  whereas  SD act ivi ty  was a lmos t  normal .  In the animals  of 
groups 4 and 6 (receiving choles te ro l  against  the background of hyperg lycemia)  act ivi ty  of GD and cy toplas -  
mic  a - G P D  was much higher  than in the intact rabbi t s ;  SD act ivi ty  a lso  increased.  Activi ty of mitoehon-  
dr ial  a - G P D  was v e r y  low in the animals  of all groups.  

Morphological  and h is tochemiea l  changes in the aor t ic  wall of rabbi ts  with exogenous and endogenous 
hyperg lycemia  and also in rabbi t s  r ece iv ing  choles te ro l  co r r e l a t ed  complete ly  with the atherogenic shifts 
in lipid m e t a b o l i s m  in the animals  of the cor responding  groups [3]. 
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