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The effect  of f l -g lucuronidase  and of a p repa ra t ion  of chondroitin sulfate,  consis t ing of a m i x -  
ture  of sulfonated mucopolysacchar ides ,  on the development  of aor t ic  l ipoidosis  was inves t i -  
gated in an imals  with exper imenta l  choles te ro l  a t he ro sc l e ro s i s .  Pro longed admin is t ra t ion  
of these  subs tances  was found to i nc rea se  f i -glucuronidase act ivi ty in the aor t ic  wall. 
Pa ra l l e l  accumulat ion of acid mucopo lysacchar ides  was obse rved  in the int ima and the inner 
l aye r s  of the media ,  accompanied  by inc reased  l ipoidosis.  The r e su l t s  of these  expe r imen t s  
indicate that a d is turbance  of mucopo lysacchar ide  m e t a b o l i s m  plays  an act ive  ro le  in the 
development  of exper imenta l  a the rosc l e ros i s .  

Recent  invest igat ions have shown that the s tate  of va scu l a r  permeabi l i ty ,  which is de te rmined  by the 
metabol ic  act ivi ty  of the ground substance  and, in par t i cu la r ,  by the dynamic s ta te  of the mucopo lysaccha -  
r ides ,  plays an important  ro le  in the onset  and p r o g r e s s  of a the rosc le ros i s~  Among the many  enzymes  of 
the vascu l a r  wall, the enzyme s ys t em  of the g lycos idases ,  which ca ta lyze  the breakdown of mucopo lysaccha -  
r ides ,  p e r f o r m  an important  function. Ameng the g lycos idases  with the i r  dif ferent  actions,  the enzyme with 
f l -glucuronidase  activity,  regula t ing the me tabo l i sm of the glucuronic acids which a r e  components  of the 
chondroitin sulfates  [3, 4, 5], is of special  in teres t .  

The object  of the invest igat ion descr ibed  below was to examine the effect  of f i -g lucuronidase  and of a 
p repa ra t ion  of chondroitin sulfate on the onset and cour se  of exper imenta l  a t he ro sc l e ro s i s .  

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

Three  groups of chinchil la r abb i t s  w e r e  used in the exper imen t s .  Throughout the invest igat ion one 
group of animals  was kept on a s tandard  h igh-cho les te ro l  (0.25 g /kg  body weight) diet, the an imals  of group 
2 rece ived  choles te ro l  and also f i -glucuronidase  (Schuchardt, 1 mg  enzyme co r r e sponds  to 250 units of 
activity) by in t raper i toneal  injection in a dose of 30 mg  twice a week. Some of the an imals  of the las t  group 
were  sac r i f i ced  40 days a f t e r  the beginning of the exper iments ,  while the res t ,  rece iv ing  the a therogenic  
diet, continued to r e ce i ve  f i -glucuronidase up to 100 days. The an imals  of group 3, also r ece iv ing  the high-  
choles te ro l  diet, r ece ived  injections of chondroit in sulfate (a mix tu re  of sulfonated mucopolysacchar ides )  in 
a daily dose of 20 mg  for 40 days.  

~-Glucuronidase  act ivi ty  was invest igated in the t i s sue  ex t r ac t s  and s e r u m  and calcula ted in units of 
optical  density m e a s u r e d  re la t ive  to phenolphthalein l ibe ra ted  as a r e su l t  of the reac t ion  [2]. 

For  the morphologica l  invest igat ion of the ao r t a s  s tandard  staining methods  for l ipids,  acid and 
neutral  mucopolysacchar ides ,  and e las t ic  t i s sue  were  used, 

Biochemical  Labo ra to ry  and Labora to ry  of Pathological  Anatomy, A. L. M y a s n ~ o v  Inst i tute  of 
Cardiology, Academy of Medical Sciences of the USSR, Moscow. (P resen ted  by Academic ian  of the Academy 
of Medical Sciences of the USSR E. 2. Chazov.) T rans l a t ed  f rom Byulle ten '  l~ksper imenta l 'noi  Biologii i 
Meditsiay,  Vol. 73, No. 2, pp. 23-26, Feb rua ry ,  1972. Original a r t i c l e  submit ted  January  22, 1971, 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

120 



TABLE 1. f i - G l u c u r o n i d a s e  Act iv i ty  in Blood and Aor t a  of A n i m a l s  

Experimental 
conditions 

Cholesterol 
Cholestero 1 
+6- glucuroni- 
dase 

Cholesterol 
Cholesterol 
+B-glucuroni- 
dase 

Cholesterol 
Cholesterol 
+cho ndroitin 
sulfate 

Periodof 
lexperi- fNo, of 
Iment , animals 
KEn days) I 

40 14 

! 40 14 

100 

100 

40 16 

40 10 

Aorta 

M q - m  

0,129_+0,003 

0,108_+0,006 

0,120_+ 0,0082 

0,167_+0,0113 

O, 127_+ 0,006 

0,148-+0,005 

<0,01 

<0,01 

<0,01 

Blood 

,'k/~m 

0,211 -+ 0,004 

O, t94_+ 0,006 

0,232--_+ 0,0187 

0,175"+'0,0128 

0,205_+ 0,003 

0,180_+ 0,004 

<0,005 

<0,05 

<o,0! 

Fig.  1. L ip ids  in the r a b b i t  aor ta :  a) m a r k e d  l ipo idos i s  
of i n t i m a  and med i a  of a r abb i t  r e c e i v i n g  c h o l e s t e r o l  and 
/3 -g lucuron idase ;  b) t ipo idos i s  in a r a b b i t  r e c e i v i n g  
c h o l e s t e r o l .  S ta ined for  l ip ids ,  265 x. 

Fig.  2. Acid  m u c o p o l y s a c c h a r i d e s  in r a b b i t  aor ta :  a) 
m a r k e d  a c c u m u l a t i o n  of ac id  m u c o p o l y s a c c h a r i d e s  in 
i n t i m a  and s u b i n t i m a l  space  in a o r t a  of a r a b b i t  
r e c e i v i n g  c h o l e s t e r o l  and chondro i t i n  sulfa te ;  b) a o r t a  
of r a b b i t  r e c e i v i n g  cho l e s t e ro l .  H a l e ' s  method,  265 • 
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EXPERIMENTAL RESULTS 

fl-Glucuronidase activity in the blood and aorta of the animals sacrificed after administration of the 
enzyme for 40 days was lower than in the control group (Table i). After i00 days of the experiment its 
activity in the blood of the animals remained appreciably lower than in the control, whereas its activity in 
the vessel wall was considerably increased (Table i)~ The same result was observed in animals receiving 
injections of chondroitin sulfate. 

Morphological investigation of the aor ta  of animals receiving a h igh-choles terol  diet showed that by 
the 40th day of the experiment they had developed marked  lipoidosis of the iutima. Lipoidosis of the intima 
was not found in the aor tas  of five of the seven animals receiving injections of f l-glucuronidase,  despite the 
fact that they had received cholesterol  with their diet for the same period of t ime, while in the other two 
only single droplets of lipids were  deposited in the ground substance which was only slightly sudanophilic. 
In both cases,  focal accumulation of acid mucopolysacchar ides  of the chondroitin sulfate A and C types was 
observed in the intima and in the subintimal zones of the media. 

A completely different picture was found on morphological  examination of the aor tas  of animals 
receiving injections of f l-glucuronidase for 100 days and also of animals receiving injections of chondroitin 
sulfate. In both groups much more  severe  lipoidosis of the iatima was found than in the control  (Fig. 1). 
The intima of the aor ta  was thickened and looser  in s t ructure ,  and the endothelial cells appeared swollen, 
with rounded nuclei. In some zones of the intima, marked prol iferat ion of the endothelium was observed with 
the formation of cushion-l ike thickenings consist ing of pale "foam" cells.  The cha rac te r  of the lipoidosis 
was that of a drop-l ike deposition of Iipids inside the endothelial cells  and in the ground substance of the in- 
titan. The spread of lipid infiltration to the inner layers  of the media along the course  of the elastic m e m -  
branes could be seen in many parts .  The elast ic  membranes  were  considerably altered, and, on the whole, 
the media  showed marked  destruction- a reas  of intact f ibers al ternated with extensive loci of granular  
degeneration. The ends of the fragmented elastic membranes  were twisted, their  f ibers  were separate,  and 
in some places they were  thicker and in others  thinner than normal.  Considerable accumulation of acid 
mucopolysacchar ides  was found in the intima, the subintimal space, and the inner layer  of the media, in the 
form of foci and pools between the fibers of the s t roma,  which were  apparently forced apart  by these foci of 
mucoid edema. These changes were par t icu lar ly  marked in animals receiving chondroitin sulfate (Fig. 2). 
The main mass  of mucopolysacchar ides  in these loci had the chemical  nature of chondroitin sulfate B; 
diffuse saturation of the intima took place with chondroitin sulfates of types A and C. In the subintimal 
space and inner layers  of the media, accumulation of choudroit ia  sulfates of the B type also was observed.  

On staining by the PAS method, a diffuse, moderate  accumulation of substances with a bright c r imson  
color,  uniformly permeating the media, could be seen. 

In experimental  cholesterol  u the r . s c l e ros i s ,  the course  of the lipoidosis was thus influenced by 
~-glucuronidase.  The activity of the enzyme in the aort ic  wall could be changed by administrat ion ei ther  
of the enzyme itself  or of one of the products of mucopolysacchar ide  metabol ism (a mixture of chondroitin 
sulfates). Activity of f l-glucuronidase in the aorta  was increased paral lel  with the increase  in lipoidosis. 
Meanwhile an accumulation of acid mucopolysacchar ides  was observed in the intima and in the subintimal 
layer  of the media. 

Since the degree of permeabi l i ty  of the vascular  wan for the ingredients of the p lasma is determined 
by the state of the ground substance [1], it can be assumed that f i-glucuronidase exerts  its effect through 
changes in mucopolysacchar ide  metabolism. 
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