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Dur ing  deve l opm e n t  of  e x p e r i m e n t a l  a t h e r o s c l e r o s i s  the vanad ium concen t r a t i on  in the t i s s u e s  of  r a b -  
bi ts  fa l l s .  S u p p l e m e n t a r y  a d m i n i s t r a t i o n  of  m a n g a n e s e  and,  in p a r t i c u l a r ,  z inc c o u n t e r a c t s  the d e c r e a s e  
in v a n a d i u m  c o n c e n t r a t i o n  in the t i s s u e s  and o rgans  examined .  

A c c o r d i n g  to s o m e  r e p o r t s ,  vanad ium inhibi ts  c h o l e s t e r o l  and fat ty  ac id  syn thes i s  in r a t  l i ve r  h o m o -  
gena tes ,  and ff given to rabb i t s  fed with c h o l e s t e r o l  it s ha rp ly  inhibi ts  the deve lopment  of h y p e r c h o l e s t e r e -  
mia  and l o w e r s  the lipid content  in the l ive r ,  a o r t a ,  and c o r o n a r y  a r t e r i e s  [2, 5, 6]. 

The ob jec t  of  the p r e s e n t  inves t iga t ion  was  to s tudy  the vanad ium c o n c e n t r a t i o n  in the t i s sue s  and 
c h o l e s t e r o l  m e t a b o l i s m  in e x p e r i m e n t a l  a t h e r o s e l e r o s i s  and to examine  the ef fec t  of  s o m e  t r a c e  e l e m e n t s  
on these  ind ices .  

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

E x p e r i m e n t s  w e r e  c a r r i e d  out on 30 chinchi l la  r abb i t s  weighing f r o m  2.3 to 3.2 kg. The an ima l s  w e r e  
divided into six g roups  with 5 rabb i t s  in each group:  1) cont ro l ;  2) r abb i t s  r e c e i v i n g  c h o l e s t e r o l  with c a r -  
ro t  in a da i ly  dose  of  0.2 g /kg ;  3-6)  an ima l s  r ece iv ing  c h o l e s t e r o l  in a dose  of  0.2 g / k g  on a l t e r n a t e  days  
and in t ravenous  injections of  t r a c e  e l emen t s  as  a solution of  the i r  sa l t s  in the fol lowing concen t r a t i ons  
(ca lcu la ted  as  meta l ) :  a n i m a l s  of  g roup  3) c o p p e r  su l fa te ,  500 #g /kg ;  4) z inc  sulfa te ,  500 #g/kg;  5) cobal t  
su l fa te ,  100 ~g/kg;  6) m a n g a n e s e  su l fa te ,  500 ttg/kg~ 

E v e r y  5 days  th roughou t  the 50 days  of the e x p e r i m e n t ,  the fol lowing indices  of l ipid m e t a b o l i s m  w e r e  
inves t iga ted  in the a n i m a l s '  b lood:  to ta l  l ipids by  B l o o r ' s  method [4], to ta l  cho l e s t e ro l  by  the method  of  
E n g e l ' g a r d t  and Smi rnova ,  and i ts  f r ac t i ons  by  p rec ip i t a t i on  of f r ee  cho l e s t e ro l  with digi tonin  [3], phosphol ip ids  

T A B L E  1. Blood Concen t ra t ion  of  Lipids and Vanadium in N o r m a l  
Rabbi ts  and Rabbi ts  with E x p e r i m e n t a l  A t h e r o s c l e r o s i s  (M• 

Duration [ 
of eholes 7[ 
terol feed J Total 
ing (in [ lipids 

days) ] 

Before 
expt. 

10 

20 

30 

40 

50 

Total Cholesterol 
ch 21o~s- esters 

Free  

choles- 
terol 

phospho - 
lipids 

in mg % 

283,2-+ 32,5 

347,4-+ 40,3 
P<O,O1 

488,5-+ 40,3 
P<O,O01 

647,3• 
P<O,O01 

746,8----.70,3 
P< 0,001 

829,6.+ 75,3 
P<O,O01 

68,2• 

133,6-+ 10,3 
P<0,001 

154,5• 12,3 
P<0,001 

181,6• 12,4 
P<0,001 

194,4• 14,3 
P<0;001 

336,7.+ 24,3 
P<0,001 

53,6-+4,3 

87,8-+ 7,4 
P<0,001 

128,0_+ 10,4 
P<0,001 

149,0-+ 12,5 
P<0,001 

159,3-+ 12,8 
P<0,001 

287,1 -+ 24,5 
P<O,OOI 

14,6-+ 1,5 

45,8-+ 5,6 
P<O,O01 
26,5-+2,2 
P<O,O01 
32,6-+ 2,9 
P<O,O01 
35,1-+3,2 
P<O,O01 

49,6-+4,3 
P<O,OOI 

84,4• 

103,9-+9,5 
P<O,OI 

125,6-+ 10,5 
P<:O,O01 

119,8-+8,8 
P<:O,O01 

139,9-+ 10,3 
P<O,OOI 

163,4 .+ 12,3 
P<O,O01 

Vanadium 
(in pg%) 

1,82-+ 0,2 

1,46- 0,3 
P<O,O1 
1,08-+ 0,08 
P<O,O01 

0,82--+ 0,07 
P<0,001 
0,52-+ 0,05 
P<0,001 
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T A B L E  2. Vanad ium C o n c e n t r a t i o n  (in #g% of F r e s h  Substance)  

in B lood  of  Rabbi t s  R e c e i v i n g  C h o l e s t e r o l  and S o m e  T r a c e  

E l e m e n t s  (M~m) 

Time of 
investigation 

Before experiment 

10th day of expt, 

25-th day 

50-~ day 

cholesterol 

1,82-+ 0,05 

1,46_+ 0,08 
P<O,02 

0,84-+ 0,04 
P<O,O01 

0,52-'- 0,03 
P<O,O01 

;holesterol 
+ copper 

1,74-+ 0,07 

1,52_ 0,07 
P<0,02 

0,88__.0,06 
P<0,00i 

0,66• 0,04 
P<O,O01 

Rabbits receiving 

�9 cholesterol cholesterol 
+ zinc + cobalt 

1,92• 0,08 1,96• 

1,74--+ 0,00 I, 58-+ 0,07 
P>0.02 P<0,02 

1,58• 0,07 0,56-+ 0,03 
P>O,02 P<O,OO1 

1,76+_0,06 0,48+--0,03 
P=O,05 P<O,OOl 

cholesterol 
,+ manganese 

1,78• 0,06 

1,66• 0,07 
P<0,02 

1,42• 
P<0,02 

t ,06+- 0,05 
P<0,02 

T A B L E  3. Vanad ium C o n c e n t r a t i o n  (in/~g% of F r e s h  
Subs tance)  in A o r t a ,  L i v e r ,  and M usc l e s  of  Rabb i t s  R e -  

c e i v i n g  C h o l e s t e r o l  and Some  T r a c e  E l e m e n t s  (M• 

Animals Aorta Livar Muscles 

Healthy 
Receiving cholesterol 

Receiving cholesterol + 
copper 

Receiving cholesterol + 
zinc 

Receiving cholesterol + 
cobalt 

Receiving cholesterol + 
manganese 

4,2• 
2,3• 0.22 

P<0,001 
1,8• 

P<0.001 
4,4• 0,34 

P>0,2 
1,9-+0,12 

P<O,O01 
3,2-+0,26 

P<O,02 

12,8- + 1,3 
4,8_+ 0,42 

P<O,OO1 
4,2• 

P<O,O01 
13,1-+ 1,2 
P>O,1 
1,3----_0,12 

P<O,O01 
13,8_+ 1,2 
P=0,02 

1,6• 
3,9• 0,34 

P<0,001 
4,4_+ 0,41 

P<0,001 
1,9_+0,12 
P>O,5 
4,2• 0,44 

P<O,O01 
2,2• 0,26 

P=O,02 

after extraction with ether and alcohol as inorganic phosphorus by the Bell-Doisy-Briggs method; vana- 
dium in the blood was estimated quantifatively by emission spectral analysis before the experiment and on 
its 10th, 20th, 30th, 40th, and 50th days, after which the animals were sacrificed and the vanadium concen- 

tration studied in the aorta, liver, and muscles~ 

EXPERIMENTAL RESULTS 

The serum lipid concentration of rabbits receiving cholesterol for 50 days was increased, while the 

vanadium concentration was lowered (Table i). 

Administration of cholesterol together with some trace elements caused changes not only in lipid 

metabolism, but also in vanadium metabolism (Table 2). 

The blood vanadium concentration of rabbits receiving cholesterol and copper or cholesterol and 

cobalt was lowered and almost indistinguishable from its blood concentration in animals receiving choles- 

terol only. 

Administration of cholesterol and manganese to some extent prevented the decrease in blood vana- 

dium concentration, while in animals receiving cholesterol and zinc, the blood vanadium concentration was 

almost unchanged and the same as before the experiment (difference not statistically significant). 

Investigation of the effects of administration of cholesterol alone,and in combination with the trace 

elements studied, on the vanadium concentration in the tissues and organs showed that it was about the 

same as in healthy rabbits only when eholesterol was given together with zinc salts (Table 3). 

The results of this study of changes in the vanadium concentration in the tissues during development 

of experimental atherosclerosis, and also changes in the total lipids, cholesterol and its fractions, and 

phospholipids indicate that changes in vanadium metabolism are causatively connected with changes in the 
studied indices of lipid metabolism. 

With an increase in the cholesterol concentration in the tissues and organs, the vanadium concentra- 

tion falls. The choice elements manganese and zinc, which have been shown [i] to counteract the development 
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and onset of atheroscler0sis, if added to the diet along with cholesterol, promote retention of vanadium in 
the body tissues. 
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