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COMPARATIVE CHARACTERISTICS OF FATTY-ACID
COMPOSITION OF LIPOPROTEINS FROM HUMAN -
BLOOD PLASMA AND AORTIC WALL

A, D, Denisenko and A, N, Klimov* UDC 612,123/.124:612,397.23

The fatty-acid composition of lipid fractions in lipoproteins of very low, low, and high den-
sity from blood plasma and the aortic wall of patients with atherosclerosis was investigated,
A close similarity was found in the fatty-acid composition of phospholipids, triglycerides, and
cholesterol esters in all classes of lipoproteins from the vascular wall and blood plasma,
The composition of the fatty acids of the fractions was very similar in all classes of lipopro-
teins, Lipids from the vascular wall not included in the composition of lipoproteins differed
considerably in their fatty-acid composition from lipids isolated from lipoproteins: the con-
tent of unsaturated fatty acids in the lipids of the aortic wall was much smaller than in lipo-
proteins,
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The human vascular wall was shown previously to contain the same spectrum of lipoproteins as the
blood serum (pre-B-, f-, and a-lipoproteins); the B- and a-lipoproteins of the blood serum and aortic wall,
moreover, are immunologically identical [1]. These findings are evidence of the plasma origin of the lipo-
proteins of the vascular wall, At the same time, evidence has been published that the aortic wall itself can
synthesize lipoproteins [7] and that the phospholipid composition of lipoproteins of the vascular wall differs
from its composition in lipoproteins of the blood plasma [8], although their protein parts are immunologic-
ally identical,

Accordingly it was decided to compare the fatty-acid composition of lipoproteins from the blood plas-
ma and vascular wall,

EXPERIMENTAL METHOD

Blood and the aorta from 3 men and 3 women dying from various causes, age 50-65 years old, were
investigated, The material was taken not more than 24 h after death., Lipoproteins of very low, low, and
high density (VLDL, LDL, and HDL) [6] were isolated. by preparative ultracentrifugation from the blood
plasma and the tissue fluid obtained from the atherosclerotic aortic wall [1], Lipids from lipoproteins and
from the minced aortic wall after isolation of the tissue fluid from it were extracted by Folch's method and
fractionated by thin-layer chromatography in a system of petroleum ether—diethyl ether—acetic acid (90:
10:1). After elution from silica gel, the phospholipids, triglycerides, and cholesterol esters were hydrolyzed
with 2 N NaOH solution in methanol and the free fatty acids were methylated with the aid of a 14% solution of
BT; in methanol, Gas—liquid chromatography was carried out on the "Tsvet"” model 4-67 chromatograph
using a flame ionization detector, Celite-22 (80-100 mesh) in the stationary phase with polyethylene glycol
succinate (20%) was used as the solid carrier; the carrier gas was nitrogen (velocity 2 liters/h). The length
of the column was 3 m, the temperature of the vaporizer 250°C, and the column temperature 195°C,
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TABLE 1, Fatty-Acid Composition of Cholesterol Esters of Lipo-
proteins and Aortic Tissue (in %); M =m

H
VLDL ‘ LDL DL b =

S gy O

; tissue tissue tissue 28 2
Fanyacids | serum |finid [semm | fiid | serum | fnid  [§5559
. ova s
[ 2862
12:0 3,2%0,41 2,820,4| 2,8%0,4] 2,60,4] 3,3=04 4,0=0,4 1,804
14:0 2,0+0,3} 2,1=0,3{ 3,0=0,3] 3,7%0,4| 2,2=0,3] 2,9=0,4] 2,0=0,3
16:0 12,8=x1,5 11,5==1,4| 12,7=1,3 11,1=%1,5] 10,9=1,6} 11,8=1,5} 18,3-=1,9
16:1 4,2*0,8} 5,7=0,6] 5,56=0,6] 5,7%0,7] 5,9*+0,7} 6,1=0,6] 7,3%0,7
18:0 4,0=0,5! 4,8%0,5 4,2=0,5 5,4%0,6 5,5%0,6 4,8*0,6 3,6=0,5
18:1 21,8+2,1} 22,6*2,0| 24,32,2} 22,5--2,5] 21,7+2,0{ 20,3=2,0] 35,1=+3,1
18:2 39,82-3,0 39,2+3,0 38,1==3,1} 37,931} 38,9°:3,3} 39,9=3,0] 25,3+3,3
18:3 5,9=1,00 4,5%=0,9/ 4,3=0,5/ 4,6=1,0] 5,3%=0,9 4,1=0,7] 3,1=1,0
20:4 6,3+0,9] 6,8+1,0 5,1=0,6; 6,6%0,7] 6,3=0,7) 6,1=0,8] 3,5%0,6
Saturated 22,0==1,9( 21,22,0] 22,7=1,8) 22,7%2,0| 21,9==1,9] 23,5*2,3} 25,7%1,9
Monounsaturated | 26,0==2,1f 28,3%2,3| 29,8-=2,5| 28,2 2,4| 27,8+2,0| 26,4*=2,7] 42,4=3,8
Polyunsaturated | 52,0==2,5{ 50,5==3,5| 47,5%4,0] 49,12:3,7| 50,5=3,7} 50,1==4,1} 31,9%3,7

TABLE 2, Fatty-Acid Compsoition of Triglycerides of Lipopro-
teins and Aortic Tissue (in %); M +m

VLDL LDL HDL ) o

250 g

Fatty acids tissue tissu U“g"-‘" 2
e tissle [HREa o
serum X Serum . sertim s S8
fluid flnid fluid gl:)g% E
12:0 2,3+0,5| 1,3=0,4] 1,9=0,4] 2,0=0,4] 1,0%0,5] 1,2%0,3] 1,0=0,4
14:0 2,0=0,4{ 1,0=0,4f 3,0==0,6| 2,2+0,5 1,8%=0,4] 1,6%0,3] 1,904
16:0 25,4%=2,1f 26,3+2,1] 27,2=2,2] 26,92,0| 27,2%2,3] 26,6+2,2) 28,1=2,5
16:1 3,7%0,5 5,0*=0,6] 2,7=0,4| 3,1%0,5 2,7%0,4 3,3=0,5] 3,5%*0,5
18:0 10,9=0,9| 10,1==0,9{ 11,3==0,8f 10,3=1,0] 10,3=1,0 11,1-=0,9{ 14,12=0,9
18:1 35,9=%2,7| 37,0=+2,9| 34,0=2,6{ 32,22-3,0| 35,5=2,7| 34,3+2,9! 36,6=3,0
18:2 12,0=1,0] 13,6%1,1] 12,52 1,1} 14,1=1,4| 13,3=%=1,2} 14,1=1,2| 6,7=1,1
18:3 4,4+0,7] 3,8%=0,6) 5,0=0,5] 6,7=0,6] 5,2==0,5| 4,1=0,6] 4,0%=0,6
20:4 3,4=0,5{ 2,0=0,4{ 2,4=0,4] 2,5%04] 3,2:=0,5 3,70,5 4,1=0,7
Saturated 40,6=2,1} 38,72=2,2| 43,4=2,0] 41,4%2,0] 40,3%=2,0] 40,5%2,0| 45,1=2,0
Monounsaturated | 39,62=2,0(-42,0%=2,0f 36,7%1,9 35,3%1,9| 38,0=1,8] 37,6==1,8] 40,1=1,8
Polyunsaturated | 20,8%1,5| 19,4%1,4| 19,921,4{ 23,3%1,5 21,7%1,4} 21,9%=1,5] 14,8=1,2

TABLE 3, Fatty-Acid Composition of Phospholipids of Lipopro-
teins and Aortic Tissue (in %); M +m

ViDL DL HDL oo

2589

ty acid tissue tissue tissue  JonS @
Fatty acids serum | g | semm | guig serum | goig ‘53 553
<38 5=
12:0 2,860,31 3,0=0,4| 2,1%=0,4] 2,1%=0,4{ 1,8%0,3] 1,8%=0,3} 1,2%0,3
14:0 1,8+0,3| 2,8=0,4] 1,8%0,3| 2,0==0,3] 2,1%=0,4{ 2,0=0,4| 1,0=0,3
16:0 30,6=1,7] 33,1=1,6| 33,0==1,5{ 32,5 1,6| 32,3*=1,5| 31,7*1,6{ 34,0=1,5
16:1 5,4=0,5| 5,3%=0,5] 3,5==0,5 4,120,4} 5,2=0,5| 4,1%=0,4] 2,6+0,4
18:0 16,721,00 17,30,9 17,70,9] 16,9=1,1} 15,7==1,1] 16,1=1,0{ 22,4=*1,2
18:1 16,9==1,1} 16,7=1,1{ 17,3=%=1,0f 17,0=1,2} 17.3=1,1{ 16,9==1,1] 17,1=1,2
18:2 20,3=+1,3} 18,3*=1,2| 18,7=1,2] 19,3%=1,3| 18,7==1,2] 19,0=1,2| 15,0*1,3
18:3 2,3+=0,4] 1,3=0,3| 2,5%=0,4] 2,7=0,4] 2,8=0,4f 3,1=0,4] 2,904
20:4 3,2+0,5| 2,2=0,4] 3,4*=0,4] 3,420,5 3,9*0,5] 5,3%=0,6) 3,7x0,5
Saturated 51,9%2,4| 56,2=2,5[ 54,6+2,3] 53,56+2,4] 51,9%=2,4} 51,6+2,3] 58,4=3,1
Monounsaturated | 21,3+1,2| 22,0==1,2{ 20,8=1,2} 21,1==1,0| 22,5=1,2| 21,0*1,1} 19,7%+2,2
Polyunsaturated 95.8+1,5} 21,8%1,6| 24,6==1,3} 25,4%1,2] 25,4=1,2| 27,4=1,3} 21,6=1,7

EXPERIMENTAL RESULTS AND DISCUSSION

The fatty-acid composition of cholesterol esters of the lipoproteins from blood serum and aortic tis-
sue fluid (Table 1) was virtually identical, Linoleic acid (18:2) was the chief fatty acid of the cholesterol
esters and accounted for about 37% of the total fatty acids of the esterified lipoprotein cholesterol. The fat-
ty-acid composition of cholesterol esters in the vascular wall but outside the lipoprotein particles differed
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considerably from that in ail classes of lipoproteins, A high content of palmitic (16:0) and, in particular, of
oleic (18:1) acids and a lower content of linoleic (18:2) and arachidic (20 :4)acids was found in the cholester-
ol esters of the aorta after separation of the tissue fluid from it (P < 0,05). Other workers have observed
similar proportions in the fatty-acid composition of the cholesterol esters of the blood serum and vascular

wall [3, 9].

The fatty-acid composition of the triglycerides (Table 2) isolated from VLDL, LDL, and HDL of the
_tissue fluid and blood serum also was very similar. The chief fatty acid was oleic (18:1), which accounted
for about 35% of the total fatty acids of the triglycerides, Comparison of the fatty-acid composition of the
triglycerides of the aortic tissue and lipoproteins showed a considerable difference in the content of stearic

{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 329
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

t41.

The observed identify of the fatty-acid composition of lipoproteins from the blood serum and aortic
tissue fluid is evidence of the plasma origin of the lipoproteins of the vascular wall, The immunologic iden-
tity of lipoproteins of the blood plasma and aortic wall was demonstrated previously [1, 11], These facts
suggest that the plasma lipoproteins penetrate into the vascular wall as a complete particle, This is con-
firmed by data on the penetration of lipoproteins with a double radioactive label into the aorta of rabbits
with experimental atherosclerosis {2].

Comparative investigation of the fatty-acid composition of the vascular tissue lipids and lipoproteins
showed a significant difference between them: aortic tissue lipids contain less unsaturated fatty acids than
lipoproteins (mainly on account of linoleic acid). The considerable difference in the fatty-acid composition
of lipoproteins and lipids of aortic tissue with atherosclerotic changes indicates high activity of the enzymes
responsible for hydrolysis and synthesis of fatty acid esters in the vascular wall, evidently in connection
with the increased synthesis of phospholipids and cholesterol esters in the aortic wall in atherosclerosis
{5, 12].
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