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The fa t ty-ac id  composi t ion  of lipid f rac t ions  in l ipoprote ins  of v e r y  low, low, and high den- 
s i ty f rom blood p l a s m a  and the aor t ic  wall  of pat ients  with a t h e r o s c l e r o s i s  .was invest igated.  
A close  s imi l a r i t y  was found in the fa t ty -ac id  composi t ion ofphosphol ipids ,  t r i g lyce r ides ,  and 
cho les te ro l  e s t e r s  in all  c l a s s e s  of l ipoproteins  f rom the va scu l a r  wall  and blood p l a sma .  
The composi t ion  of the fatty acids of the f rac t ions  was ve ry  s i m i l a r  in a l l  c l a s s e s  of l ipopro-  
reins.  Lipids f r o m  the v a s c u l a r  wall  not included in the composi t ion  of i ipoproteins  differed 
cons iderab ly  in the i r  fa t ty-ac id  composi t ion f rom lipids isolated f rom l ipoproteins:  the con- 
tent of unsa tura ted  fat ty acids in the lipids of the aor t ic  wall  was much s m a l l e r  than in l ipo- 
p ro te ins .  
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The human v a s c u l a r  wall  was shown prev ious ly  to contain the s ame  spec t rum of l ipoproteins  as the 
blood s e r u m  (p re - f l - ,  f l - ,  and ~- l ipopro te ins ) ;  the /3- and a - l ipopro te ins  of the blood s e r u m  and aor t ic  wall,  
m o r e o v e r ,  a r e  immunological ly  identical  [1]. These  findings a r e  evidence of the p l a s m a  origin of the l ipo- 
prote ins  of the v a s c u l a r  wall.  At the s ame  t ime,  evidence has been published that the aor t ic  wall  i t se l f  can 
synthes ize  l ipoprote ins  [7] and that the phospholipid composi t ion  of l ipoprote ins  of the v a s c u l a r  wall  differs  
f r o m  i ts  composi t ion  in l ipoprote ins  of the blood p l a s m a  [8], although the i r  p ro te in  pa r t s  a re  immunologic-  
al ly identical .  

Accordingly it was decided to compare  the fa t ty-ac id  composi t ion  of l ipoproteins  f rom the blood p la s -  
m a  and v a s c u l a r  wall .  

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

Blood and the ao r t a  f rom 3 men and 3 women dying f rom var ious  causes ,  age 50-65 y e a r s  old, were  
invest igated.  The m a t e r i a l  was taken not m o r e  than 24 h a f t e r  death.  Lipoprote ins  of ve ry  low, low, and 
high densi ty (VLDL, LDL, and HDL) [6] were  i s o l a t e d b y  p r e p a r a t i v e  u l t racent r i fugat ion  f rom the blood 
p l a s m a  and the t i ssue  fluid obtained f rom the a the rosc le ro t i c  aor t ic  wall  [1]. Lipids f rom l ipoprote ins  and 
f rom the minced aor t ic  wall  a f t e r  isolat ion of the t i ssue fluid f rom it were  ex t rac ted  by Folch ' s  method and 
f rac t ionated  by th in - l aye r  ch romatography  in a sys t em of pe t ro l eum e t h e r - d i e t h y l  e t h e r - a c e t i c  acid (90: 
10:1)o Af ter  elution f rom si l ica  gel, the phospholipids,  t r i g lyce r ides ,  and cho les te ro l  e s t e r s  were  hydrolyzed 
with 2 N NaOH solution in methanol  and the f ree  fatty acids were  methyla ted  with the aid of a 14% solution of 
BF 3 in methanol .  G a s - l i q u i d  ch romatography  was c a r r i e d  out on the "Tsve t"  model 4-67 chromatograph  
using a f lame ionization de tec tor .  Celi te-22 (80-100 mesh) in the s ta t ionary  phase  with polyethylene glycol 
succinate (20%) was used as the solid c a r r i e r ;  the c a r r i e r  gas was ni t rogen (velocity 2 l i t e r s /h ) .  The length 
of the column was 3 m,  the t e m p e r a t u r e  of the v a p o r i z e r  250"C, and the column t e m p e r a t u r e  195"C. 
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T A B L E  1. 
p r o t e i n s  and A o r t i c  T i s s u e  (in %); M + m 

VLDL | LDL 

Fattyacids serum. [~SuSi~e ' [1 I tissue 
, Isemm I fluid 

12:0 
14:0 
16:0 
16:1 
18:0 
18:1 
18:2 
18:3 
20:4 

Saturated 

Monounsaturated 

Polyumaturated 

F a t t y - A c i d  C o m p o s i t i o n  of  C h o l e s t e r o l  E s t e r s  of  L i p o -  

2,8-~-0,~ 2,8-~0,4 
2,1---+0,, ' 3,0~0,~ 

11,5-*- 1 d 12,7"+" 1,~ 
5,7"*-0,( 5,5--0,( 
4,8-~-0,~ 4,2-~--0,~ 

22,6-~- 2,( 24,3-+2,~ 
39,2*-3,( 38,t"*-3;1 
4,5-~-0,~ 4,3-~-0,~ 
6,8m-1,( 5,1~0,s 

21,2"~--~2,( 22,72--- I,~ 

28,3~2,~ 29,8-~ 2,~ 

50,5-+ 3,~ 47,5-+4,s 

2,5-~.0,4 
3,7-r 

11,1~1,~ = 
5,720j 
5.4"*'0,s 

22,5"*'2,f 
37,9"~--3,1 
4,6-----I,r 
6,6-~-0,7 

22,7"*'2,C 

28,2~ 2,4 

49,1~3,7 

3 ,~0 ,4  
2.0-----0,3 

12.8-m- t,5 
4,2-+0,8 
4,0-----0.5 

21.8-m-2,1 
39,8-~-3,0 
5,9----- 1,0 
6,3-~0,9 

22,0"+" 1,91 

26,0~2,11 

52,0-+2,5 

HDL 

tissue 
semm fluid 

3,3-+0,4 
2,2--0,~ 

10,9~ I,E 
5,9..~-0j 
5,5.~--0,6 

21,7+'2,(~ 
38,9m3,~ 
5,320,cJ 
6,3• 

21,921,~ 

27,8-~2,fl 

50,5m3,7 

i 

4,0--0,4 i 1.8-~-0,4 
2,920,41 2~0"r 

11,8-+1.5] 18.3~ 1,9 
6,1--0,6J 7,3-~-0,7 
4,8"-0,61 3,620,5 

20,3~2,0] 35,1~3;1 
39.9-'-3.01 25,~3,3 
4,1-'0,71 3,1~I,0 
6,1-"0,61 3,5.~-0,6 

23.5-~-2,31 25,7----. 1,9 

26.4..~-2.71 42,4-----3,8 

50.1-'-4.11 31,9-+3,7 

T A B L E  2. F a t t y - A c i d  C o m p s o i t i o n  of  T r i g l y c e r i d e s  of  L i p o p r o -  
t e ins  and  A o r t i c  T i s s u e  (in %); M :~ m 

VLDL LDL HDL 

Fatty acids 

12:0 
14:0 
16:0 
16:1 
18:0 
18:1 
18:2 
18:3 
20:4 

Saturated 

Monounsaturated 

Polyunsaturated 

s e r u m  

2,3-----0,5 
2,02---0,4 

25,4-* 2,1 
3.7~0,5 

10,920,9 
35.922.7 
12,0-- 1,0] 
4,42+-0,7] 
3,4+-0,5] 

40,6~2,1 

39,6-~-2,0 

20,8--+1,5 

tissue 
fluid 

1.3-----0,4 
1,0~0,4 

26.3+--2,1 
5,0~--0,6 

10,1-----0,9 
37,022,9 I 
13,6~-1,11 
3,82---0,6 t 
2,02"0,41 

38,7-----2,2 

~2,0--2,0] 

19,4~ 1,41 

tissue 
serum fluid 

1,9 cO,4 2,0&0A 
3,0 ~0,6 2,2+0,~ 

27,2 *2,2 26,9~2,( 
2,7.'0,41 3,1~0,~ 

1t,3'-0,8] 10,3~ I,E 
34,0: *-2,6] 32,2~3,C 
12,5"-1,1] 14,1~-1,4 
5,0:"0,51 6,7~0,6 
2,4: ~0,4] 2,5+'0,4 

43,4: ~-2,0] 41,4~2,0 
! 

36,7: -~ 1,9] 35,3 -+- 1,9 
I 

19,9: -~ 1,41 23,3-+ 1,5 

s e m m  

1,0+0,5 1,2*'0,3 
1,8-'-0,41 1,6-'-0,31 
7,2-----2,31 5,6+-2,2 I 
2,7-----0,4] 3,32---0,5] 
3,3--*-1,01 1,1+-0,9[ 
5,5*-2,71 t,3• I 
3,3-----1,2[ L 1-* 1,2] 
5,2-----0,5] t,1-----0,6] 
3,2*'0,51 

),5-'-2,0 I 
)'3~2'01 L7*'0,5[ 

~,0~-1,81 ~,6~- 1,8 I 
[,7-*- 1,41 [,921,51 

tissue '.-, ~ =.., ,,, "~ 
fluid ~ 

1,0*'0,4 
1,9--0,4 

28.1~2,5 
3,5~0,5 

14,120.9 
36,6-----3,0 
6,7~ [,1 
4.0*0,6 
4;1--0,7 

45,122.0 

40,1---+ 1.8 

14.8~ 1,2 

T A B L E  3. F a t t y - A c i d  C o m p o s i t i o n  of  P h o s p h o t i p i d s  of  L i p o p r o -  
re ins  and  A o r t i c  T i s s u e  (in %); M + m 

Fatty acids 

VLDL 

tissue 

LDL 

tissue 

HDL 

serum 

12:0 
14:0 
16:0 
16:1 
18:0 
18:1 
18:2 
18:3 
20:4 

Saturated 

Mouounsaturated 

Polyunsaturated 

fluid semm 

2,820,3 3,0-*-0,41 2,1---0,4 
1,82---0,31 2,8m0,4] 1,8*-0,3 

30,6...~- 1,71 33,1"+" 1,61 33,0~ 1,5 
5,4~0,5] 5,320,51 3,5--0,5 

16,7"-I,0[ 17,3• 17,7"+'0,9 
16,9"*'I,I[ 16,721,I I 17,3+--I,0 
20,3"*'I,31 18,3• 18,7"*'I,2 
2,32+-0,4] 1,3"*-0,3] 2,5"-'-0,4 
3,2"*'0,51 2,2~0,4] 3,42---0,4 

54,6~2,3 56,2--~2.5] 51,9+2.4 I 

21,3"*" 1,21 22,0 -+- 1,2[ 20,8-----1,2 I 

25,8..~-1,5t 21,8~1,61 24,6-~-1,3 

fluid serum 

2,1~0,4 1,8~0,~ 
2,020,3 2,120,~ 

32,5~ 1,61 32,3~ 1 ,~ 
4,1~0,4] 5,2• 

16,9~1,1[ 15,7~ l,l 
17,0~ 1.2[ 17.3-- 1,1 
19.3~ 1,3] 18.7~ 1,~ 
2.720,4] 2,8~-0,4 
3,4~0.5] 3,9-----0,[ 

53,522,4151,9-----2,4 

2t,1~I,01 22,5~- 1,~ 

25.4----- 1.2J 25,4~ 1 ,~ 

tissue ~ 
fluid ~ o E  = 

1,8-----0,31 1,2~0.3 
2,0*0,4[ 1,0----0,3 

31.7 + 1,6] 34,0----- 1.5 
4,1--0,41 2,6-~0.4 

16,12 t,01 22,4~ 1,2 
16.9~ 1.1] 17,1*" 1.2 
19,0----- 1,2] 15,0• 
3,1--0,4[ 2.9-----0,4 
5,320,6] 3,7-----0.5 

51,6+2,3158,4~3,1 

21,0----- 1,I 119,7~-2,2 

27,4----- 1,31 21,6----- 1,7 

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

The  f a t t y - a c i d  c o m p o s i t i o n  of c h o l e s t e r o l  e s t e r s  of  the l i p o p r o t e i n s  f r o m  b l o o d  s e r u m  and a o r t i c  t i s -  
sue  f luid  (Table  1) w a s  v i r t u a l l y  i den t i ca l .  L i n o l e i c  a c i d  (18:2) w a s  the c h i e f  f a t ty  ac id  of  the c h o l e s t e r o l  
e s t e r s  and  a c c o u n t e d  f o r  abou t  37% of the to ta l  f a t ty  a c i d s  of  the e s t e r i f i e d  l i p o p r o t e i n  c h o l e s t e r o l .  The  fa t -  
t y - a c i d  c o m p o s i t i o n  of  c h o l e s t e r o l  e s t e r s  in the  v a s c u l a r  w a l l  bu t  ou t s ide  the  l i p o p r o t e i n  p a r t i c l e s  d i f f e r e d  
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considerably f rom that in all c lasses  of l ipoproteins.  A high content of palmit ic  (16:0) and, in par t icu la r ,  of 
oleic (18:1) acids and a lower content of linoleic (18:2) and arachidic (20 :4)ac ids  was found in the choles te r -  
ol e s t e r s  of the aorta  a f t e r  separat ion of the t issue fluid f rom it (P < 0.05). Other workers  have observed 
s imi la r  propor t ions  in the fat ty-acid composit ion o f  the choles te ro l  e s t e r s  of the blood se rum and vascu la r  
wall [3, 9]. 

The fa t ty-acid  composit ion of the t r ig lycer ides  (Table 2) isolated f rom VLDL, LDL, and HDL of the 
t issue fluid and blood se rum also was ve ry  s imi la r .  The chief fatty acid was oleic (18:1), which accounted 
for  about 35% of the total fatty acids of the t r ig lycer ides .  Comparison of the fat ty-acid composit ion of the 
t r ig lycer ides  of the aor t ic  t issue and l ipoproteins showed a considerable  difference in the content of s tear ic  
(18:0) and linoleic (18:2) acids (P < 0.05). 

Examination of the fatty-acid composition of the phospholipids of lipoproteins of the blood serum and 
aortic tissue fluid (Table 3) revealed their great similarity. Palmitic acid (16:0) accounted for about 32% 
of the total fatty acids and was the chief acid of the phospholipids. Phospholipids of the aortic tissue after 
separation of the tissue fluid from it contained more stearic (18:0) and less linoleic (18:2) acids than the 
phospholipids of VLDL, LDL, and HDL of the blood serum and tissue fluid (P < 0.05), also in agreement with 
data in the literature [3, 9]. 

Analysis of the results shows that the fatty-acid composition of the lipid fractions in the various clas- 
ses of lipoproteins from the blood serum and aortic tissue fluid was very similar; meanwhile, each lipid 
fraction had its own strictly definite ratio between the various fatty acids. Data in the literature on this 
question are contradictory. Smith, for instance, found a considerable difference between the fatty-acid com- 
position of cholesterol esters of VLDL and LDL [10], whereas other workers note the great similarity be- 
tween the fatty-acid composition of all classes of blood serum lipoproteins [9] or even its complete identity 
[4]. 

The observed ident i fyof  the fat ty-acid composit ion of l ipoproteins f rom the blood se rum and aort ic  
t issue fluid is evidence of the p lasma origin of the l ipoproteins of the vascu la r  wall. The immunologic iden- 
tity of l ipoproteins of the blood p lasma and aort ic  wall was demonst ra ted  previously  [1, 1]]. These facts 
suggest  that the p lasma l ipoproteins penet ra te  into the vascu la r  wall as a complete par t ic le .  This is con- 
f i rmed by data on the penetrat ion of l ipoproteins with a double radioact ive label into the aor ta  of rabbits 
with exper imenta l  a the rosc l e ros i s  [2]. 

Comparat ive investigation of the fatty-acid composit ion of the vascu la r  t issue lipids and l ipoproteins 
showed a significant difference between them: aort ic  t issue lipids contain less  unsaturated fatty acids than 
l ipoproteins (mainly on account of l inoleic acid). The considerable  difference in the fat ty-acid composit ion 
of l ipoproteins and lipids of aort ic  t issue with a the rosc le ro t i c  changes indicates high activity of the enzymes 
responsible  for  hydrolysis  and synthesis  of fatty acid e s t e r s  in the vascu la r  wall, evidently in connection 
with the increased  synthesis  of phospholipids and choles tero l  e s t e r s  in the aor t ic  wall in a the rosc le ros i s  
[5, 12]. 
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