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The effect of hyperchylomicronemia  and hyperprebetal ipoproteinemia on the vascular  wall was 
studied in rats  aged 6-10 and 26-30 months. The animals were given an intravenous injection 
of blood se rum f rom rats which themselves had previously been injected intraperi toneal ly 
with Triton WR1339. Inclusions of chylomicrons and lipoproteins of very  low density were 
found e lec t ron-microscop ica l ly  in the endothelium of the old rats only. Swelling of the Golgi 
complex and mitoehondria and dilatation of the c is ternae  of the endoplasmic ret iculum in the 
endothelial cells of the young rats  indicated activation of intracel lular  metabolism. The 
study of biosynthesis of cer tain c lasses  of lipids in the aorta  under these conditions showed 
inhibition of biosynthesis of free cholesterol ,  the intensity of which was the s a m e  in rats  of 
different ages. Increased phospholipid biosynthesis was observed only in the young animals.  
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In the modern view the development of a therosclerot ic  lesions of the walls of blood vesse ls  is due largely  
to the cha rac t e r  of disturbances in lipid and lipoprotein metabolism in the blood, namely in the type of hyper-  
l ipoproteinemia.  Types IIa, IIb, and IV, charac te r ized  by a high level of choles terol  and low-densi ty  l ipopro-  
teins ~- l ipoprote ins) ,  a re  general ly regarded as the most atherogenic [1, 4]. A problem not yet finally settled 
is the atherogenicity of other types of hyperl ipoproteinemias,  charac ter ized  by elevation of the blood level of 
ve ry  low density lipoproteins (VLDL) and chylomicrons (ChM). Several workers  state ~hat ChM cannot pene- 
t ra te  through the endothelium and are  split up in the blood s t r eam or  on the surface of the endothelial cells [9, 
10]. However, F0rogIou-Kerameos  [7] and Mjos et al. [8], using electron microscopy,  found formations 
resembling VLDL and ChM in cha rac te r  in the endothelial cells and subendothelial space under the conditions 
of hyperlipidemia. When the role of these c lasses  of lipoproteins in card iovascular  pathology is assessed it 
must be r emembered  that a high frequency of hyper t r ig lycer idemia  and disturbance of to lerance to exogenous 
glucose are  regular  phenomena which accompany the development of a therosc lerot ic  lesions, especial ly in old 
age, and they may be reflected in par t icular  by changes in VLDL and ChM metabolism. 

The object of the present  investigation was to study the charac te r  of the effect of hyperprebeta l ipopro-  
teinemia and hyperchylomichronemia  on the vascular  walI in animals of different ages. 

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

Experiments were car r ied  out on 68 rats .  Hyperlipidemia was produced in young animals by in t raper i -  
toneal injection of Tri ton WR1339 in a dose of 500 mg/kg body weight. Analysis of changes in lipid and lipo- 
protein metabolism developing under these c i rcumstances  in the blood (from the standpoint of the type of 
hyperl ipoproteinemia [4]) showed that they belonged to type V, i.e., hyperchylomicronemia  and hyperprebeta-  
l ipoproteinemia [3]. In the basic experiments ,  to rule out the possibil i ty of the local effect of Triton on the 
vascular  wall, tipemic blood se rum from "Triton" animals was injected intravenously into young (6-10 months) 
and old (26-30 months) rats (1 ml/100 g body weight). Under these c i rcumstances ,  biochemical  determination 
of total cholesterol ,  t r ig lycer ides ,  total lipids, and the combined fraction of lipoproteins (a < 1.063; f l- l ipopro- 
teins,  prebetal ipoproteins,  and chylomicrons) was car r ied  out after  animals of different ages had been injected 
with blood se rum containing the same concentrat ion of lipids and lipoproteins (the concentrat ion of the lat ter  
was 1246 rag%). 
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Fig. 1. A r e a o f c y t o p l a s m  of aort ic  
endothelial cell  f rom old rats  a f t e r  in-  
jection of lipemic blood se rum.  V) 
Vacuoles,  M) mitochondria ,  SE) suben- 
dothelium. Stained with uranyl  acetate 
and lead, 21,900 • [Figures 1, 2, and 3 
not labeled in Russian original  - Con- 
sultants Bureau.] 

The biosynthesis of the individual c lasses  of lipids in the t issues  of the aor ta  was determined in vitro by 
the method descr ibed  in [3]. An e lec t ron-mic roscop ic  technique was used. 

The significance of the resul ts  was assessed  s tat is t ical ly [2]. 

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

Par t  of an endothelial cell  f rom the aor ta  of an old rat  is i l lustrated on the electron micrograph in Fig. 1. 
The large  vacuoles 0.3-1.5 p in diameter ,  filled with amorphous e lec t ron-dense  mater ia l ,  appeared a few 
minutes af ter  injection of the l ipemic serum.  They could also be found when the vesse l  wall was examined 
after  1 h. Similar inclusions have been found in the endotheiium of the coronary  a r te r ies  of animals.  Cas ley -  
Smith [5], who compared the s t ruc ture  of isolated ChM and of ChM in the mammary  gland, showed that these 
complexes acquire this appearance in t i ssue sections.  Meanwhile, in the control  old animals no such fo rma-  
tions were observed in the endothelium (Fig. 2). 

After  injection of lipemic blood se rum into the young animals no e lec t ron-dense  inclusions of l i p i d - p r o -  
tein complexes could be found in the endothelial cells (Fig. 3). Nevertheless,  swelling of the Golgi complex 
and mitochondria and dilatation of the c i s t e ruaeo f the  endoplasmie ret iculum, which were observed under these 
c i rcumstances ,  a re  evidence of activation of in t racel lu lar  metabolism, possibly in connection with the action 
of the injected lipoproteins on the vesse l  wall. An argument  in support of this explanation is given by the results  
of a study of the biosynthesis of cer ta in  c lasses  of lipids (phospholipids, t r ig lycer ides ,  cholesterol  es te rs ,  and 
free cholesterol) in the aort ic  t i ssue of experimental  rats  of different ages,  which was car r ied  out 1 h before 
the experiments  began. 

As Table 1 shows, under normal  conditions differences were observed only in the biosynthesis of free 
choles terol  in the vesse l  wall between the rats aged 6-10 and 26-30 months. The significance of the smal l  
decrease  in the specific activity of the remaining c lasses  of lipids studied during aging could not, however, be 
conf i rmed by s tat is t ical  analysis .  
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TABLE 1. Specif ic  Ac t iv i ty  of Aor t i c  
Lipids of Young and Old Rats  unde r  Norma l  
Condi t ions  and a f t e r  In jec t ion  of L ipemic  
S e r u m  (cpm/mg l ipids)  

Index studied and age of Control Injection of 
animals, months (normal) lipemic serum 

Free cholesterol 
6--10 

26--30 
Cholesterol esters 

6--10 
26--3O 

Phospholipids 
6--10 

26--30 
Triglycerides 

6--10 
26--30 

1250+189a,6 
695~1176 

20554-302 
16104-293 

38284-5945 
31464-458 

54884-638 
46834-692 

5274-114 
3124-56 

32014-539 
22854-431 

5926+747 
3637+543 

4535+574 
4482~-780 

Legend.  a) S t a t i s t i ca l ly  s ign i f i can t  dif-  
f e r e n c e s  be tween  age groups  of r a t s ;  b) 
the s a m e ,  be tween  e x p e r i m e n t a l  and con t ro l  
r a t s .  D i f f e rences  be tween  a r i t h m e t i c  m e a n  
va lues  of g roups  were  cons ide red  to be s t a -  
t i s t i c a l l y  s ign i f i can t  at the l eve l  of p r o b a -  
b i l i ty  P < 0.05. The groups  included at 
l eas t  s even  a n i m a l s .  

Fig. 2 Fig. 3 

Fig. 2. Area of aortic endothelial cell of normal old rat. R) Ribosomes, M) mito- 
chondria. Stained with uranyl acetate and lead, 36,240 • 

Fig. 3. Area of boundary between two endothelial cells in coronary artery of young 
rats after injection of lipemic blood serum. V) Vacuoles, M) mitoehondria. Stained 

with uranyl acetate and lead, 36,240 x. 

Afte r  i n t r avenous  in j ec t ion  of l ipemie  s e r u m  into the a n i m a l s  d i f f e rences  were  o b s e r v e d  in  the b i o s y n -  
t h e s i s  of ind iv idua l  c l a s s e s  of l ipids in the a n i m a l s .  The d i f fe rences  r e l a t ed  not so much to the c h a r a c t e r  of 
the r e s p o n s e  as  to the degree  of change in  the va lue  of the spec i f ic  ac t iv i ty .  F o r  i n s t a n c e ,  a d e c r e a s e  in the b io -  
syn thes i s  of f ree  cho l e s t e ro l ,  s o m e  i n c r e a s e  in the b i o s y n t h e s i s  of c h o l e s t e r o l  e s t e r s  and phosphol ip ids ,  and 
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insignificant deviations in t r ig lycer ide  biosynthesis were common features in rats of the two age groups. 
Inhibition of free choles terol  biosynthesis in the experimental  rats was considerable and was significant in 
both the young and the old animals.  The increase  in phospholipid biosynthesis in the young animals also was 
s tat is t ical ly significant and may have been facilitated by expulsion of the hydrophobic choles terol  molecule 
formed during metabolic convers ion of the lipoproteins [6, 11]. Meanwhile all the other changes relating to 
t r ig lycer ides  and choles terol  es ters  in rats of different ages and to phospholipids in the old animals were not 
s tat is t ical ly significant. 

The resul ts  obtained thus indicate that the charac te r  of the effect of hyperl ipoproteinemia,  due to an 
increased concentrat ion of ChM and prebetal ipoproteins,  on the vascular  wall is largely determined by the age 
factor.  In par t icular ,  the less marked activation of biosynthesis in the vascular  wall of the old animals af ter  
injection of lipemic serum,  reflecting depress ion of catabol ism of the lipoprotein complexes,  could be the 
reason why ChM and VLDL were found e lec t ron-mic roscop ica l ly  in the endothelium of the old animals under 
these experimental  conditions. 
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