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It is demonstrated that the content of the primary products of lipid peroxidation reaches
the maximum after about 1-h incubation with Cu?* and then declines. At a Cu?" con-
centration of about 10-15 uM, the content of lipid peroxidation products is maximal;
it does not rise with a further increase in the Cu?* concentration. Comparison of the
kinetics of lipid peroxidation in different lipoprotein fractions shows that low density
lipoproteins are much more strongly oxidized than high density lipoproteins. A strong
positive correlation between the amplitude of the chemiluminescence burst and the diene
conjugate content is established in 79 independent measurements.
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Recently it has been found that oxidative modifica-
tion of lipoproteins (LP) is an important factor in
the pathogenesis of atherosclerosis [8,13,14]. The
mechanisms of activation of lipid peroxidation (LPO)
leading to alterations in LP structure are unclear.
However, there is a considerable body of evidence
indicating that oxidation of LP impairs cholesterol
transport between low density and high density li-
poproteins (LDL and HDL), on the one hand, and
blood cells and vascular endothelium [11] on the
other. Determination of the degree of LP oxidation
can be useful for the identification of atherosclerosis
risk groups and evaluation of the disease severity.
It has been demonstrated in vitro that LP
oxidation leads to the accumulation of primary
(hydroperoxides) and secondary (aldehydes, specifi-
cally, malonic dialdehyde, ketones, etc.) LPO
products [4,6]. Generally, the level of 2-thiobar-
bituric acid-reactive substances has been used as a
parameter characterizing the degree of LP oxida-
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tion. This colorimetric method is sensitive enough
to malonic dialdehyde but it is not specific, since
many other compounds react with 2-thiobarbituric
acid with the formation of the same chromophore
[5]. In addition, malonic dialdehyde is a minor
LPO product whose content is reportedly not more
than 2% of the total concentration of unsaturated
fatty acids which are the LP components, and al-
terations in the biological properties of oxidized
LP are probably not associated with the accumu-
lation of malonic dialdehyde [6].

Presumably, lipid hydroperoxides, the primary
products of free radical reactions involving unsat-
urated fatty acids, are the most important factors
for oxidative modification of LP. In addition, in
the presence of transition metals lipid hydroperox-
ides induce LPO branching [2,16]. Spectrophoto-
metric determination of diene conjugates formed
upon free-radical oxidation of polyunsaturated fatty
acids is a method commonly used for analysis of
the hydroperoxide content [12]. Determination of
hydroperoxides by high-performance liquid chroma-
tography with a chemiluminescence analysis in the
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Fig. 1.

Kinetics of LP oxidation at 37°C in the presence of 10 uM Cu?*. I) LDL; 2) HDL,; 3) HDL, Amplitudes of

chemiluminescence {a: donor 1, b: donor 2) were measured after the addition of 1 mM Fe?' in aliquots containing 0.08 mg
protein/ml in 0.1 M NaCl, 0.02 M Tris—HC), pH 7.4. The concentration of diene conjugates (c: donor 1; d: donor 2} is expressed

as the difference between light absorbance at 231 and 300 nm.

presence of peroxidase and luminol derivatives is
the most sensitive method [7]. However, this
method is not widely applied in clinical laborato-
ries, since it requires complicated equipment. Re-
cently, we showed that the reaction of lipid per-
oxides in LDL with Fe?" is accompanied by a
chemiluminescence burst, the intensity of which
under certain conditions depends on the peroxide
content in human plasma LDL [3].

Our objective was to study the Cu?*-induced
LPO in different LP fractions isolated from hu-
man plasma with the use of the chemilumines-
cence reaction of lipid peroxides with Fe?*,

MATERIALS AND METHODS

LDL and HDL fractions (HDL, and HDL,) were
isolated from sera of healthy donors by ultracen-

trifugation in a NaBr density gradient [9]. The
LP were dialyzed for 18 h against 500 volumes
of the standard buffer (10 mM Tris-HCI, 100
mM NaCl, pH 7.4). The protein concentration
was determined by the microbiuret method [15].
Oxidation was carried out for 4 h at 37°C in a dry
thermostat in the presence of varied concentrations
of Cu?. The amplitude of chemiluminescence bursts
was measured in an LKB-1251 chemiluminometer
as described elsewhere [3] after the addition of Fe**
(1 mM) to LP samples containing 0.08 mg protein/
ml in the standard buffer. The samples were thor-
oughly mixed and thermostated at 25°C. The diene
conjugate content was determined from the absor-
bance spectra of heptane extracts and expressed as
the difference between the absorbances at 231 and
300 nm [12}. The absorbance spectra were mea-
sured in a Beckman DU-7 spectrophotometer.
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Tris-buffer from Merck (Germany) and Rus-
sian-manufactured reagents of chemically pure grade
were used for preparation of the solutions. Fe**
solutions were prepared from Fe,SOx7H,O in
0.01 N HCI, Cu?" solutions from Cu,SO,x5H,O.

RESULTS

Figure 1, a-d shows the kinetics of accumulation
of lipid hydroperoxides (primary LPO products)
measured by the chemiluminescence (Fig. 1, a, b)
and diene conjugate (Fig. I, ¢, d) methods in
three LP fractions (LDL, HDL,, and HDL,) iso-
lated from sera of two donors. Oxidation of dif-
ferent LP fractions with a protein concentration of
0.8 mg/m! was performed in the presence of 10
uM Cu?". It can be seen from the figure that the
kinetics of LDL, HDL,, and HDL, oxidation dif-
fered both in the initial and maximal contents of
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primary LPO products and in the rate of their
increase and decrease. The level of LPO products
in LDL was considerably higher than in HDL,
and HDL,. In addition, the primary LPO prod-
ucts were rapidly accumulated (compared with
HDL, and HDL,) at the first stage of the process
(during 1 h); with time the rate of accumulation
slowed down, and subsequently the amount of pri-
mary products declined.

Changes in the Cu? concentration in the
sample had a noticeable effect on the kinetics of
LPO product accumulation. This is illustrated by
Fig. 2, a-d showing the dependence of accumula-
tion of LPO products on the Cu?* concentration.
It can be seen from the figure that small concen-
trations of Cu** induce the maximum (10 pM) ac-
cumulation of primary LPO products. The LPO
product content decreased with an increase in the
Cu?* concentration. Figure 2 shows that the degree
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Fig. 2. LP oxidation as a function of the Cu?* concentration after 4 h of incubation. The conditions of measurements and

symbols are the same as in the legend to Fig. 1.
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Correlation between the amplitude of the chemiluminescence burst and the diene conjugate content (a: donor 1; b:

donor 2). I) LDL; 2) HDL,; 3) HDL, All values were obtained on the basis of the data presented in Fig. I.

of LDL oxidation is appreciably higher than that
of HDL over the entire range of Cu?*" concentra-
tions. The difference between the oxidation of
HDL, and HDL, was less pronounced. From the
data on the Cu?-induced oxidation of the differ-
ent LP fractions it can be concluded that under
the same conditions LDL oxidation is more in-
tense compared with that of HDL, and HDL,.
This is probably associated with the differences in
the fatty acid composition of the different LP
fractions.

TABLE 1. Coefficients of Linear Regression and Correlation
between the Amplitude of the Fe?* —Induced Chemilumine-
scence Burst and the Content of Diene Conjugates in LP
Resulting from Cu?* —Induced LPO

aS, b, =
Donor 1
LDL (n=13) 24.8%1.3" —4.1+06" |098
HDL, L1wsy |- 084
HDL, (n=12) | 31.4%8.0° 04207 | 0.78
Donor 2
LDL (n=13) 42.2%7.7* —9.0+36° | 0.86
HDL2 (n=15) | 3102103 | —04%0g 1 0.64
HDL3 (n=14) | 28.1%1.2" | —13%13" |07
Total (n=78) | 200=11° | —0.1%03" | 089

Note. ¢ and b are the coefficients in the linear regression
equation y=a_=b, where y is the amplitude of the chemi-
luminescence burst, x is the absorbance of diene conjugates
in an LP sample; S, and S, are the standard errors of the
cormresponding coefficients, n: number of observations, I
empirical correlation coefficient with correction for a small
sample; significance level: one asterisk indicates a<0.01% and
two asterisks indicate a<1%.

An increase in the Cu** concentration starting
from 10-15 puM induces no increase in the oxida-
tion product content in any of the LP fractions
and can even reduce it. Judging from the kinetics
of LP oxidation, the decrease in the concentration
of primary LPO products results from their degra-
dation during just a 4-h incubation with Cu?".
Such a dependence of LP oxidation on the Cu?**
concentration, one which is similar for all frac-
tions, can be explained by the fact that Cu?* binds
to LP, and there is a saturating Cu®> concentra-
tion on the surface of an LP particle. In this case,
an excess of this concentration of copper ions
should not lead to additional accumulation of LPO
products. The more intense oxidation of LDL
compared with HDL, and HDL, and their com-
petition for Cu** binding may be the cause of the
antioxidant activity of HDL upon their oxidation
together with LDL observed in vitro [10].

Analysis of the LPO product contents mea-
sured by the two methods (absorbance of diene
conjugates and amplitude of the Fe?*-induced
chemiluminescence burst) showed their good quali-
tative match (Figs. 1 and 2). We performed cor-
relation analysis [1] between these indexes using
the kinetic curves and the concentration depen-
dences for all the LP fractions. For all the results
obtained in experiments with sera of two donors a
linear correlation was established between the am-
plitude of the burst of the Fe?*-induced chemilu-
minescence and the diene conjugate content
(r=0.89, Table 1).

We also performed regression analysis [1] both
for the aggregate of results and for LP fractions
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individually for the different donors. The results of
this analysis are shown in Fig. 3, a, b. It can be
seen that the results of chemiluminescence and
diene conjugate measurements are well resolved for
the different LP fractions of the same donor and
for the same LP fractions of different donors. The
regression coefficients and the reliability levels for
the fractions are summarized in Table 1. Despite
the high coefficient of correlation between the ab-
sorbance of diene conjugates and the amplitude of
the Fe*'-induced chemiluminescence burst for the
entire set of results, regression analysis revealed a
significant difference in the regression coefficient
(more than 2-fold) for different LP fractions and
for different donors.

A strong positive correlation (r=0.89) was es-
tablished between the contents of primary LPO
products measured by the light absorbance of di-
ene conjugates and the amplitude of the Fe? -in-
duced chemiluminescence. However, regression
analysis showed that the linear regression coeffi-
cients for the different LP fractions and for the
same LP fractions of different donors varies con-
siderably. For example, in the case of LDL the
regression coefficients varied from 24.8 to 42.16
for the two donors. Individual changes in the re-
gression coefficient are probably associated with a
different quantum efficiency of chemiluminescence
and result from individual differences in the LP
composition of the different fractions obtained from
different donors.

It should be noted that the convenience and
simplicity of chemiluminescence analysis in com-
parison with other methods of determining primary
ILPO products are obvious advantages. However,
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when using this method, one should remember the
possibility of variations in the quantum efficiency
of chemiluminescence from sample to sample. The
cause of these variations is so far unclear.
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