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The r e su l t s  of a c o m p a r a t i v e  m i c r o s p e c t r o p h o t o m e t r i e  invest igat ion have shown quanti tat ive 
changes in the t i s sue  prof i le  of act ivi ty  of oxidative enzymes  in the rabbi t  ao r ta  at the third 
week of expe r imen ta l  hype rch~ les t e remia .  The role  of metabol ic  d i s turbances  and also of 
accumulat ion of a - g l y c e r o p h o s p h a t e  for  lipid synthes is  in the  aor t ic  wall in the ea r ly  s tages  
of  expe r imen ta l  a t h e r o s c l e r o s i s  is  emphasized.  

Despi te  many invest igat ions of a t he ro sc l e ro s i s ,  modern  views regarding  the metabo l i sm of the v e s se l  
well  under  normal  conditions and at va r ious  s tages  of development  of a t he ro sc l e ro s i s  a r e  contradic tory .  No 
in format ion  concerning the re la t ionship  be tween the degree  of sp read  of a the rosc l e ro t i c  changes and the 
c h a r a c t e r  of metabol ic  d i s tu rbances  in the v e s s e l  wall can be found in the l i t e ra tu re .  

The object  of the p r e s e n t  invest igat ion was to study quanti tat ive changes in the act ivi ty of some oxida-  
t ive enzymes  (glutamate dehydrogenase ,  connected with pro te in  metabo l i sm,  a -g lyce rophospha t e  dehydro-  
genases ,  connected with ca rbohydra te  a n d  lipid metabol i sm,  and succinate  dehydrogenase ,  par t ic ipa t ing  in 
the Krebs  cycle) in the aor ta  of rabbi t s  under  normal  conditions and in the ea r ly  s tages  of exper imenta l  
a t h e r o s e l e r o s i s .  

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

The expe r imen ta l  an imals  we re  30 sexual ly  ma tu re  male  chinchil la rabbi ts .  Exper imenta l  a the ro -  
s c l e r o s i s  was induced by N. N. Aniehkov ' s  method by giving the an imals  cho les te ro l  daily with vegetables  at 
the ra te  of 0.2 g /kg  body weight [9]. The an imals  were  sac r i f i ced  a f t e r  feeding for  4, 8, 12, 16, 24, 32, and 
64 days.  A the rosc le ro t i c  changes in the aor ta  were  a s s e s s e d  by the use  of Avtandi lov 's  p lan imet r i c  r u l e r  
[1]. Some of the m a t e r i a l  was fixed in 10% neutra l  fo rmal in  and embedded in para f f in  wax. Sections were  
stained with hematoxyl in -eos in ,  by Van Gieson ' s  method, and with Sudan black. Another  pa r t  of the ma te r i a l  
was  f rozen  with solid ca rbon  dioxide, sect ions  of unfixed t i s sue  were  cut to a th ickness  of  12/~ in a cryosta t ,  
and t e s t s  were  made f rom g lu tamate  dehydrogenase  (GDH), cy toplasmic  a -g lyce rophospha t e  dehydrogenase  
(c~-GPDHC) by  K u I ' t a s ' s  method [7], mi tochondr ia l  ~ -g lyce rophospha t e  dehydrogenase  (~-GPDHM), and 
suecinate  dehydrogenase  (SDH) by the method of Nachlas e t  al. [11], with the addition of menadione to the 
incubation medium in a final concentra t ion  of 0.05 M. Sections incubated in medium without subs t ra t e  were  
used as the control .  

Allowing fo r  data in the l i t e r a tu r e  [6], the cy tophotometr ic  examinat ion of the sec t ions  was c a r r i e d  out 
on an in tegra t ing  scanning m i c r o s p e c t r o p h o t o m e t e r  designed in the w r i t e r ' s  l abo ra to ry  [2]. The in s t ru -  
ment  cons is t s  bas ica l ly  of a s tabi l ized source  of light, a monochromator ,  a mic roscope ,  a table  (fitted with 
a d iaphragm,  photomul t ip l ie r ,  and t e lescop ic  sight) moving in the plane of the en la rged  image,  an in t eg ra to r  
tor ,  and an e lec t ron ic  r e c o r d e r .  In con t r a s t  to in s t rumen t s  desc r ibed  previous ly ,  this m i c r o s p e c t r o p h o t o m -  
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Fig. 1. Changes in t i s sue -enzyme prof i le  of 
r abb i t ' s  ao r ta  (M • In). G r o u p  1) control;  
2) invest igat ions on fourth day of exper iment ;  
3) on 16th day; 4) on 24th day; 5, 6) on 64th 
day of exper iment .  

In rabbi ts  inves t iga ted  on the fourth, eighth, 

e t e r  can scan  any p a r t  of a cell  under  visual  control  in 
four  d i rec t ions  and can yield data for  the s ize  and optical  
densi ty  of his tological  and cytological  spec imens  and the i r  
s t ruc tu res .  By compara t ive  m i c r o s p e c t r o p h o t o m e t r y  of 
organs  of  the control  and exper imen ta l  animal  in the 
s a m e  section,  it is  poss ib le  to de te rmine  the mean  size 
and a r e a  of a cell, and the mean and specif ic  (per square  
mic ron  of cell  area)  optical  densi ty  of d i fo rmazan  de-  
pos i t s  (photometry was c a r r i e d  out in monochromat ic  
light at a wavelength X -585 my).* 

R E S U L T S  

On the 4th-16th day of the exper iment  the initial  
signs of l ipoidosis  of the ao r t a  (up to 2-3% of the intima) 
were  d iscovered.  Subsequently (25th, 32nd, and 64th day 
days) the l ipoidosis  of the ao r t a  reached50% of the in t ima 
and plaques appeared  in i ts  abdominal par t .  Histological  
examinat ion of the aor t ic  wall showed the ea r ly  changes 
of  exper imenta l  a t h e r o s c l e r o s i s  in a g r e e m e n t  with those 
desc r ibed  in the l i t e ra tu re  [3, 4, 10, 12]. 

His tochemica l  and m i c r o s p e c t r o p h o t o m e t r i c  i n v es -  
t igat ion of act ivi ty of oxidative enzymes  in the aor ta  of 
the control  animals  showed (Fig. 1) that under  no rma l  
conditions activity of GDH and a -DPDHC are  highest ,  
and activi ty of  a - G P D H M  is much lower.  SDH activi ty 
was e x t r e m e l y  low and was found only in the smooth-  
musc le  cel ls  of  the media.  Activi ty of the invest igated 
enzymes  in the d i f ferent  l aye r s  of the rabbi t s '  aor ta  
var ied :  the highest  level  was found in the smooth -  
musc le  cel ls  of the media  and a somewhat  lower  level  
in the f ibroblas ts  of the adventi t ia  and in the cy top lasm 
of the endothelial  ce l ls  of the int ima.  

and 12th days of the exper iment ,  act ivi ty of GDH, a -  
GPDHC and a - G P D H M  differed only ve ry  sl ightly f rom normal ,  but on the 16th and 24th days,  GDH activity 
in the endothelial  c e l l s  was inc reased  by 2.5 t imes  and act ivi ty of a - G P D H C  and a - G P D H M  by a lmos t  3 
t imes .  In the sm oo t h -m us c l e  ce l l s  of the media,  the level  of GDH act ivi ty  rose  by 1.6 t imes  and that  of 
a~GPDHM by 2 t imes .  Changes in act ivi ty of a -GPDHC were  negligible in these  s ame  cells.  Activity of 
GDH in the f ibroblas ts  of the adventi t ia  was doubled, act ivi ty of a - G P D H M  remained  at the same  level  
while that of a - G P D H C  was reduced.  

Toward the end of the exper iment ,  on the 64th day, act ivi ty of GDH and of a - G P D H C  in all l aye r s  of 
the rabbi t s '  ao r t a  was reduced compared  with the preceding  per iods ,  whereas  act ivi ty of mi tochondr ia l  (~- 
GPDH was unchanged. The dec r ea s e  in act ivi ty  of  oxidative enzymes  in the aor t ic  wall was accompanied  
by an i nc r ea se  in the a r e a  affected by a the rosc l e ros i s .  It was a v e r y  s t r ik ing fact  that SDH act ivi ty  in the 
smoo th :musc l e  ce l l s  of the media  remained  unchanged at all  t imes .  

Meanwhile high GDH and a - G P D H  activi ty was obse rved  in the f ibroblas ts  of the newly formed 
a the rosc le ro t i c  plaques.  

The r e su l t s  of this invest igat ion thus showed that cel ls  of each different  l aye r  of the ao r t a  under n o r -  
mal  conditions p o s s e s s  a definite t i s s u e - e n z y m e  prof i le ,  depending on individual quanti tat ive re la t ionships  
between the conventional indices  of the i r  activity.  

Exper imenta l  hype rcho le s t e r emia ,  a f te r  a compensa to ry  phase  last ing about two weeks,  caused de-  
finite d i s tu rbances  of me tabo l i sm  in the aor t ic  wall, and the c h a r a c t e r  of the changes in act ivi ty of the in-  
ves t iga ted  enzymes  in the cel ls  of all t h r e e  l aye r s  of the aor ta  was di f ferent  (phase of i nc reased  activity).  

* The w r i t e r s  are  grateful  to sen ior  engineer  D. I. Murakhovski i  f o r m s  help with the work. 
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For  example ,  whereas  by the fourth week of the exper imen t  GDH activi ty showed a definite i nc rea se  in the 
cel ls  of all l aye r s  of the ao r t a  and mitochondr ia l  ce-GPDH activi ty was inc reased  only in the endothelial  
and musc le  cel ls ,  act ivi ty of cy top lasmic  ce-GPDH was sharp ly  inc reased  in the endothelial  cel ls  but only 
slightly i nc rea sed  in the musc le  ce l l s  of the media,  while in the f ib rob las t s  of the adventi t ia  it was reduced. 
The extent to which cel ls  of different  l aye r s  of the aor ta  pa r t i c ipa te  in the genes is  of a t h e r o s c l e r o s i s  thus 
di f fers .  

The reac t ion  with par t ic ipa t ion  of ~ -GPDHC is known to be an in te rmedia te  stage through which p r o -  
ducts of glucose me tabo l i sm can be incorpora ted ' in to  b iosynthes i s  of lipids. An i nc r ea se  in the act ivi ty of 
~ -GPDHC and ~ -GP DHM  indicates  accumulat ion of ce-glycerophosphate,  an impor tan t  p r e c u r s o r  in lipid 
synthes is  in the ce l l s  of the aor t ic  wall [5, 8]. The cons iderable  i nc rea se  in ~ -GPDHC activi ty indicates  
that  the role  of ca rbohydra te  par t i c ipa t ion  in lipid synthes is  is sharp ly  inc reased  in exper imenta l  h y p e r -  
cho le s t e r emia .  

The ~esults  of this invest igat ion,  obtained by compara t ive  mic rospec t ropho tome t ry ,  demons t ra t e  
quanti tat ive changes in the t i s s u e - e n z y m e  prof i le  o f  the aor ta  in the ea r ly  s tages  of a t h e r o s c l e r o s i s  p r o -  
duced by a l imen ta ry  hype rcho l e s t e r em i a  inrabbi t s .  Hype rcho le s t e r emia ,  a t r i g g e r  mechan i sm of a group 
of metabol ic  d i s tu rbances  in the body and, in pa r t i cu la r ,  in the aor t ic  wall  induces excess  b iosynthes is  and 
accumulat ion of l ipids in its s t ruc tu res .  
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