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Studies using affinity chromatography and ultracentrifugation indicate that in human blood 
40-50% of lipid hydroperoxides are transported by apoB-lipoproteins, 20% by high-densi- 
ty lipoproteins, and 30-40% by albumins and other proteins. Affinity-isolated apoB-lipo- 
proteins from umbilical blood contain smaller amounts of lipid hydroperoxides than do 
those from the blood of healthy adults, while the content of lipid hydroperoxides in apoB- 
lipoproteins from the blood of patients with ischemic heart disease is often higher. Aortal 
apoB-lipoproteins are considerably enriched in these hydroperoxides. 
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Modification of  plasma low-density l ipoproteins 
(LDL) by lipid peroxidation (LPO) products is a 
major contributor to atherosclerotic lesions of coro- 
nary arteries in man [15]. One of  the LPO products 
reflecting initial stages of LPO is lipid hydroperoxides 
(LHP) [9]. 

According to some authors, the bulk of blood 
plasma LHP occurs in albumins and in high-density 
lipoproteins (HDL) in healthy people and also in 
LDL in patients with coronary atherosclerosis. Other 
authors came to the conclusion that LPO products 
are present only in LDL [13]. 

The objectives of  this study were to examine 
the distribution of LHP among LDL, HDL, and 
other plasma componen ts  and to measure their 
levels in apoB-lipoproteins (apoB-LP) isolated by 
immunoaf f in i ty  chromatography  or ul t racentr i -  
fugation. 
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MATERIALS AND METHODS 

Blood was taken from the cubital vein with EDTA 
used as anticoagulant (final concentration 1 mg/ml).  
Plasma was separated by low-velocity centrifugation 
(600 g), adding butylated hydroxytoluene (final con- 
centration 1 ~tM) to plasma samples to inhibit per- 
oxidation. 

LDL were isolated using an affinity carrier con- 
taining as a ligand monospecific polyclonal sheep 
antibodies against human apoB-100 (4-5 mg IgG/ml 
gel) which is used as a sorbent for LDL in patients 
treated in the Cardiology Research Center of  the 
Russian Academy of Medical Sciences [3,12]. Each 
column of 1 cm in diameter contained 4-6 ml of the 
sorbent and was equilibrated with 0.15 M NaC1 solu- 
tion containing 0.05 M phosphate buffer, pH 7. Un- 
bound proteins were eluted with this buffer and then 
with 0.5 M NaCI, while bound proteins were eluted 
with a 0.2 M glycine-HC1 buffer, pH 2.5. From 2 to 
4 ml of plasma were applied per column. The com- 
pleteness of elution was checked spectrophotometrical- 
ly at 280 nm using a flow-through ultraviolet sensor. 

0007-4888/g6/0008-0793515.00 �9 Plenum Publishing Corporation 



7g4 Bulletin of Experimental Biology and Medicine, .No. 8, 1996 BIOPHYSICS AND BIOCHEMISTRY 

Optical density at 365 nm 
0.4- 

o 

i b 
0.3- t I 

O. 1- t t I 

3 6 9 12 15 18 21 
Fract ion number  

Fig. 1. Distribution of lipid hydroperoxides between unbound plasma 
components (first peak) and those bound to the affinity apoB-LP gel 
(second peak). Solid line: plasma; dashed line: total LP fraction 
(d<1.21 g/ml). 

LHP were determined spectrophotometrically 
[6]. For this purpose 1.3 ml water and 1.5 ml 
iodine reagent were added to 0.2 ml plasma. After 
the plasma samples were kept in the darkness for 
30 min, their optical density was measured on an 
SF-26 spectrophotometer ,  using titrated H202 so- 
lutions for calibration and a molar extinction coef- 
ficient of triiodide ion equal to 2.45x104 M-~cm -~ 
for calculations [6]. 

Protein was determined by the Lowry method in 
the presence of sodium dodecyl sulfate using bovine 
serum albumin as the standard. Total LP and their 
individual classes were obtained by sequential centri- 
fugation in an NaBr density gradient [10] and then 
dialyzed against 0.0001 M EDTA. 

Plasma from healthy people (without diseases of 
internal organs), umbilical serum, and plasma from 
patients with ischemic heart disease documented by 
standard methods were used [2]. 

Extracts of human atherosclerosis-affected aor- 
tal intima-media were prepared as previously de- 
scribed [ 1 ]. 

TABLE 1. Distribution of Lipid Hydroperoxides (LHP) Between 
Lipoproteins (LP) and Proteins in the Plasma of Healthy Subjects 
(n=3) 

Density, g/cm 3 Fraction 

VLDL+LDL 1.006-1.063 

HDL 2 1.063-1.125 

HDL 3 1.125-1.210 

VHDL and other proteins >1.210 

Note. VHDL = very high density lipoproteins. 

LHP 
distribution, 

% 

42 

15 

10 

33 

RESULTS 

It was found that approximately one half of LHP 
occurred in plasma outside apoB-LP and the other 
half within these lipoproteins (Fig. 1). Chromatog- 
raphy of total LP revealed that 20% of  the LHP 
were transported unbound to the LP (HDL) sorb- 
ent, while 80% were transported in the bound form, 
i.e., as apoB-LP [very low-densi ty  l ipoproteins  
(VLDL), LDL, and LP(a)]. These findings agree 
well with the results obtained in analyzing the LP 
isolated by ultracentrifugation: about 40% of the hy- 
droperoxides occurred in the LDL+VLDL fraction, 
25% in HDL, and 35% in other plasma proteins 
(Table 1). 

The concentration of LHP was lowest in the 
affinity-isolated apoB-LP of  umbilical  b lood (1 
nmol/mg protein). In healthy subjects, the LHP con- 
centration was 4 times higher and corresponded to 4 
nmol/mg protein of the LDL obtained by centrifu- 
gation. 

Among patients with ischemic heart disease (n= 
22), there were individuals with high LHP levels in 
the apoB-LP (in 78% of the cases) and those with 
levels characteristic of healthy people (in 22% of the 
cases). In general, individuals with elevated LHP 
levels predominated among the patients, the mean 
LHP level being 9 nmol /mg protein (Table 2). 

The content of LHP in the aortal wall apoB-LP 
from healthy subjects was 4.2 times higher than in 
their plasma apoB-LP (Table 2). 

These results agree with the previously reported 
data that aortal LDL are more peroxidated than plas- 
ma LDL [1]. 

LHP levels in the LP rose sharply during sto- 
rage even at 4~ and 14 days after LDL were 
isolated their particles were found to have divided 
into two fractions, a gel-bound fraction and a gel-un- 
bound one. Both fractions contained elevated LHP 
levels, exceeding 5-fold and 14-fold, respectively, those 
in the plasma LP from healthy subjects (Table 2). This 
indicates that isolated LP undergo spontaneous per- 
oxidation during storage and that a proportion of the 
apoB-LP are so strongly modified as to be incapable 
of being recognized by polyclonal antibodies. 

It is now known that apoB-LP can be damaged 
by free radicals [4], LHP [13,17], and LHP destruc- 
tion products (aldehydes) [7]. Modification of the 
LDL by free radicals does not yet result in the ac- 
quisition of atherogenic properties by LDL particles, 
as was found when the endpoint used was interac- 
tion with macrophages [7,10]. In the case of alde- 
hydes, such an effect was detected and its magni- 
tude depended on their concentration and hydropho- 
bicity; thus, 4-hydroxynonenal was more effective in 
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TABLE 2. Lipid Hydroperoxide (LHP) Levels in Affinity-Isolated kipoproteins (LP) 

795 

LHP level, nmol/mg Change, % 
Source of LP n of altered LP protein 

Umbilical plasma 

Plasma from healthy subjects 

Plasma from patients with ischemic heart disease: 

normal LHP level 

high LHP level 

gel-bound 

not gel-bound 

Aortal extract 

Apo-LP after 14 days** 

3 

11 

5 

17 

3 
2 

1+1 

4+2 

4+2 

9+_2 

17+4 

21• 

58• 

25 

100" 

100 

225 

425 

525 

1450 

Note. *LHP and LP levels in adult plasma were taken to be 100%. **LP were affinity-separated from plasma of healthy subjects and stored at 4~ 
in 0.15 M NaCI (pH 7.4) in the presence of 5 i.tM methylphenylsulfonyl fluoride. 

damaging LDL than were hexanal and malonic di- 
aldehyde in the same concentration [10]. 

The accumulation of LHP in an LP particle 
appears  to reflect  the intensity o f  L P O  processes as 
a whole,  so that  the more  pr imary L P O  products  the 
part icle contains ,  the higher are the levels o f  inter-  
mediate  and end products  in it. The  degree to which 
pro te in  is modi f i ed  by LPO produc ts  seems to be 
p ropor t iona l  to thei r  total  con ten t  in the particle.  
These  conclusions  are based on the results o f  a study 
where  the distr ibution of  various a ldehydes  be tween  
ery throcyte  m e m b r a n e  lipids and proteins  was con-  
sidered in relation to their  total con ten t  in the eryth-  
rocyte  m e m b r a n e  [5]. 

About  15 years ago a corre la t ion  was found to 
exist be tween  L P O  produc t  levels in h u m a n  plasma 
L D L  and the area o f  co ronary  vessels affected by  
atherosclerosis  [ 14]. 

The results o f  the present study also highlight the 
re la t ionship  b e t w e e n  L H P  levels in a p o B - L P  and  
atherogenesis .  F o r  isolation o f  LP  to  de te rmine  their  
con ten t  o f  L H P ,  two methods  may  be used - -  im-  
munoaff in i ty  chromatography and  ultracentrifugation.  
However ,  the unquestionable advantages of  the affi- 
nity method  are rapidity of  analysis (=30-40 min) and 
its potential ly complete  automatizat ion using standard 
blocks o f  high performance liquid chromatography.  

Since  L P O  p roduc t s  a c c u m u l a t e  no t  on ly  in 
ischemic hear t  disease bu t  also in m a n y  o ther  con-  
dit ions [16], it seems impor tan t  to utilize the affini- 
ty m e t h o d  for  isolat ing bo th  a p o B - L P  and  o th e r  
p lasma c o m p o n e n t s ,  such as a lbumin ,  H D L ,  and  

LP(a), to assess how LHP are transported in various 
pathological states by LP of different classes and also 
by proteins. 
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