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Autooxidized high-density lipoproteins (HDL,) inhibit ADP-induced platelet aggregation
in platelet-rich plasma. Platelet aggregation in the presence of native HDL, and HDL,
and autooxidized HDL, does not differ from the control (plasma with buffer). A
conclusion is made on the important role of autooxidized HDL, as a thrombogenesis-

inhibiting factor in atherosclerosis.
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Modulation of blood cell functions by serum lipo-
proteins plays an important role in the pathogenesis
of atherosclerosis. Special attention is focused on
modified, in particular, oxidized lipoproteins, since
the principal role of oxidative processes in athero-
genesis is beyond doubt [12]. The effect of oxidized
low-density lipoproteins on the functional properties
of blood cells, in particular, platelets, has been ex-
tensively studied [3,11,12]. However, little is known
on the effect of oxidized high-density lipoproteins
(oxHDL) on platelets {3]; experiments with native
HDL yielded contradictory results. The majority of
investigators concluded that HDL, activate, while
HDL, inhibit cell aggregation induced by various
agents [5,14]. It was shown that the total oxHDL
fraction in concentrations below 2 mg/ml activates
and in higher concentrations inhibits ADP-induced
aggregation of isolated platelets [3]. HDL, activate
ADP-induced platelet aggregation only in concen-
trations of 2-4 mg/ml, while the inhibiting effect of
HDL, was noted at physiological concentrations [5].
It was shown that the total HDL fraction (0.2-2.1
mg/ml) inhibits thrombin-induced aggregation of
isolated platelets [2].

These discrepancies probably result not only
from different proportions between HDL, and HDL,
in the total HDL fractions [5,14], but also from
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different degree of peroxidation. Therefore, it seems
important to study the effect of native and oxidized
HAD subfractions on platelets. It should be noted
that the platelet-modulating effect of HDL has
been usually studied on washed platelets, although
better approximation to in vivo conditions can be
achieved with platelet-rich plasma. The aim of the
present study was to compare the effects of native
and oxidized HDL, and HDL, on ADP-in-
duced platelet aggregation in a platelet-rich plasma
(PRP).

MATERIALS AND METHODS

HDL were isolated from donor serum by prepara-
tive ultracentrifugation [10] (native HDL were iso-
lated in the presence of 0.01% EDTA) and stored
at 4°C for no more than 2 days. Protein content was
measured by the biuret microassay (£0.3 mg/mi) [9]
in a Beckman spectrophotometer. All reagents were
from Sigma.

HDL were dialyzed for 24 h against 100- and
1000-fold volume of 10 mM Tris-HCI (pH 7.4)
containing 140 mM NaCl and 5 mM KCIl. Auto-
oxidation was effected by incubating HDL in aero-
bic conditions at 37°C for 10-24 h. The degree of
oxidation was assessed by the content of 2-thio-
barbituric acid-reactive substances and expressed in
nmol malonic dialdehyde (MDA)/mg HDL protein
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(£20%) [14]. The concentration of MDA in native
HAD did not exceed 0.3 nmol/mg protein. The
concentration of HDL and the degree of oxidation
were measured immediately before experiment.
Platelet-rich plasma was prepared from donor
blood diluted 1:10 with sodium citrate (130 nM, pH
7.4) by centrifugation at 1000g for 15 min and con-
tained 2-4x10¢ platelets/ml. The incubation mixture
contained HDL and PRP in a ratio of 1:1, yielding
a 2-fold excess of added HDL over donor HDL in
PRP [5]. In control samples HDL were replaced by
the same volume of the dialysis buffer. Concentrated
Tyrode buffer without NaCl and KCI containing (in
mM): 200 HEPES, 20 MCl,, 7.6 NaH,PO,x2H,0,
and 200 glucose (pH 7.4) was added 20:1 to HDL
preparation before incubation. Each experiment was
carried out with HDL and PRP isolated from dif-
ferent donors. Three incubation mixtures were pro-
cessed in parallel in each experiment at 37°C: con-
trol, PRP+native HDL, and PRP+oxHDL. The
number of mixtures was restricted by the duration
of measurements (5 min for each sample). To mea-
sure ADP-induced platelet aggregation, aliquots of
incubation mixtures were withdrawn at equal time
intervals starting from their preparation and trans-
ferred to measuring cuvettes. The data obtained with
the control mixture and the fact that principal re-
sults were obtained for oxHDL, suggest that platelet
aggregation in PRP is modulated by added HDL.
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We assumed that due to plasma antioxidant activity
and low degree of oxidation oxHDL have no effect
on oxidative processes in platelets.

Aggregation was recorded in a Biola aggrego-
meter (Moscow) as an increment of light trans-
mission in PRP after addition of 5 uM ADP [6].
The measurements were performed at 37°C with
constant stirring (800 rpm) in a volume of 300 ul
(3 measurements for each sample). The maximum
aggregation rate was determined and used as the
aggregation parameter. This parameter is more ac-
curate than the amplitude of the light transmis-
sion curve (measurement accuracy for amplitude

~ and aggregation rate is *25% and +12%, respec-

tively).

All parameters are presented as the mean square
deviation. The data are processed statistically using
the Student ¢ test.

RESULTS

Figure 1 shows ADP-induced aggregation curves for
platelets incubated in PRP in the presence of dia-
lysis buffer and native and oxHDL.. During a 1.5-h
incubation, buffer and HDL, added to PRP slightly
reduced platelet aggregability, while in oxHDL,-
containing samples ADP-induced platelet aggrega-
tion decreased 5-fold in amplitude and became
reversible. Figure 2, a shows aggregation rate in
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Fig. 1. Time dependence curve of light transmission of platelet-rich plasma after addition of ADP. Plasma was incubated in the presence of buffer
(control) or high-density lipoproteins (HDL,) with varying degree of oxidation for 0 and 1.5 h. 1) 0 (control), 0.3 (2) and 3.5 nmol MDA/mg protein
HDL, (3). Arrow indicates the addition of 5 uM ADP.
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Fig. 2. Platelet aggregation rate in platelet-rich plasma incubated with buffer or high-density lipoproteins (HDL) as a function of incubation time.
a) HDL, (in mixture): 1.5 mg protein/ml (7), 0.15 (2) and 4.4 nmol MDA/mg protein (3). b) HDL, (in mixture): 1.4 mg protein/ml (7), 0.1 (2) and 5.6

nmol MDA/mg protein (3).

PRP in the presence of HDL, as a function of
incubation time. The inhibiting effect of oxHDL, on
ADP-aggregation became evident 1 h after addition
and increased during subsequent incubation. The
incubation usually lasted no more than 4 h, since
cell aggregation in all mixtures markedly decreased
during this time period. Similar results were ob-
tained in 3 independent experiments. The effect did
not depend on the concentration of added HDL,
(0.5, 0.7, and 1.5 mg/ml, degree of oxidation 1.3,
4.4, and 4.5 nmol MDA/mg protein HDL,).

In three independent experiments (1.2, 2.7, and
1.4 mg HDL,/ml, degree of oxidation 2.2, 0.8, and
5.6 nmol MDA/mg protein HDL,) oxHDL, had no
effect on ADP-induced platelet aggregation within
the 4-h incubation (Fig. 2, ). It should be noted
that addition of HDL to PRP caused a minor
transient decrease in cell aggregability in comparison
with control samples (Fig. 2): 1% significance level
for native and oxHDL, and 5% for oxHDL,, the
decrease caused by native HDL, was insignificant.
Similar effect was reported for low-density lipo-
proteins; it did not depend on the degree of lipo-
protein oxidation [1]. The aggregation rate in the
presence of low-density lipoproteins decreased by
15-20% in comparison with the control, while for
HDL, this decrease did not exceed 12+£7%. We have
previously concluded that changes in cell membrane
caused by low-density lipoproteins inhibit ADP-
induced aggregation {1]. In light of this conclusion
and the data of Curtiss et al. [4], the effect of HDL
on platelet aggregation can be explained as follows:

HDL interact with low-density lipoprotein binding
sites on platelets, thus modulating the parameters
of ADP-induced platelet aggregation. This com-
petition between HDL and low-density lipoproteins
for the common binding sites on platelets is re-
sponsible for the inhibiting effect of HDL on plate-
let aggregation induced by oxidized low-density
lipoproteins [3,11].

Thus, our experiments showed that:

1. Native HDL, and HDL, and oxHDL, have
no effect of ADP-induced platelet aggregation;

2. Oxidized HDL, inhibit ADP-induced platelet
aggregation.

It was previously shown that HDL, inhibit ADP-
induced aggregation of isolated platelets [5]. It was
proved that this effect is determined by apolipopro-
tein E-rich HDL, fraction. It can be hypothesized
that oxidation-induced structural changes in lipo-
protein particles [7] promote their binding to cells.
The principal result in our experiments was ob-
tained with HDL,; hence, it does not contradict to
published data [13], where total HDL fraction had
no effect on ADP-induced platelet aggregation in
PRP.

Since mild oxidation of HDL particles occurs
in vivo, modulation of ADP-induced cell aggrega-
tion with oxHDL, can be directly involved into
pathological processes [3]. The inhibiting effect of
oxidized HDL, on platelet aggregation contributes
to the antiatherosclerotic effect of HDL.
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dation for Basic Research (grant No. 96-04-49449).
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