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The mechanism of platelet activation by low-density lipoproteins (LDL) was studied
using inhibitors of arachidonic acid cycle enzymes. Lipoxygenase and cyclooxygenase
inhibitors (indomethacin, acetylsalicylic acid, NDGA, and BW755C) inhibited LDL-
induced platelet aggregation to a small extent, as was indicated by mere 20% to 30%
decreases in the maximal rate of change in light transmission. 4-Bromophenacyl bro-
mide inhibited LDL-induced platelet aggregation in a dose-dependent manner, almost
complete inhibition occurring at concentrations in excess of 20 uM. The results sup-
port the conclusion that enzymes of the arachidonic acid cycle do not contribute sub-
stantially to platelet activation by LDL.
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Low-density lipoproteins (LDL) are plasma compo-
nents that have important effects on platelet activ-
ity. In addition to exhibiting aggregation-promoting
activity, they have been found capable, in high con-
centrations (1-2 g/liter), of acting as inducers of pla-
telet aggregation [6,9]. In an attempt to explain this
effect, LDL have been tested for effects on platelet
secretion [3,10], intraceliular calcium [13], products
of the phosphoinositide cycle [11], cell membrane
lipids [4], etc. Nevertheless, the mechanism of plate-
let activation by LDL has been studied inadequately,
and the data are contradictory [3,4,11,13].

In recent years, high priority has been given to
research into the role of oxidized LDL in the de-
velopment of atherosclerosis. It has been shown
[4,5] that platelet aggregation can be induced by
oxidized LDL, but not by their native counterparts.

Institute of Physicochemical Medicine, Ministry of Health and
the Medical Industry of Russia, Moscow (Presented by Yu. M.
Lopukhin, Member of the Russian Academy of Medical
Sciences)

In our previous work we found that platelet aggre-
gation parameters depend on the LDL concentration
and on the degree to which lipids have been modi-
fied by peroxidation in LDL [1]. The present study
was designed to determine, using various inhibitors
of enzymes involved in the known pathways of
platelet activation, whether the phosphoinositide or
arachidonic acid cycle is the major mechanism un-
derlying platelet activation by LLDL, both native and
modified through lipid peroxidation.

MATERIALS AND METHODS

LDL were isolated from the serum of healthy hu-
man donors by preparative ultracentrifugation [8] and
dialyzed for 18-20 h at 4°C against a 1000-fold
volume of 10 mM Tris-HCI buffer, pH 7.4, conta-
ining 140 mM NacCl and 7.6 mM KCIl. The isola-
ted LDL were stored at 4°C and used within 48 h.

The LDL concentration was estimated from the
protein level in the LDL as measured by the biuret
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test [7]. LDL were oxidized by incubation under
aerobic conditions at 37°C with 5 uM CuSO, for
2-4 h, and the degree of their oxidation was assessed
by the accumulation of 2-thiobarbituric acid-reactive
products (expressed in umoles of malonic dialdehyde
- MDA per gram protein) in the LDL [12]. LDL
containing MDA at levels of <1 umol/g protein were
referred to as native.

Platelets were isolated from the venous blood of
healthy donors taken in a 6:1 ratio with an antico-
agulant composed of 85 mM sodium citrate, 71 mM
citric acid, and 111 mM glucose. Platelet-enriched
plasma was produced by centrifugation of blood
samples at 100 g for 15 min. Washed platelets,
obtained by a 10-min centrifugation of plasma
samples at 350 g, were suspended in a buffer solu-
tion of the following composition (mM): 138 NaCl,
3 KCl, 1 MgCl,, 10 glucose, 10 HEPES, and 0.37
NaH,PO, (pH 7.4). Platelets were present in solu-
tion in a concentration of 3x10%® cells/ml.

Measurements were made at 37°C and a stirring
rate of 800 rpm using an automated analyzer of
platelet aggregation (Biola Co., Moscow) equipped
with a computerized data-processing system. Platelet
suspensions (0.15 ml each with 0.15 ml of added
dialysis buffer or LDL solution) were placed in cu-
vettes of an aggregometer, after which 1 mM CaCl,
and 0.4 mg/ml fibrinogen were added to each cu-
vette. In the absence of LDL, platelet aggregation
was stimulated by adding 1 uM ADP to the cuvet-
te. Microquantities of inhibitors were placed in emp-
ty cuvettes and, in the case of alcoholic solutions,
evaporated at 37°C, followed by the addition of a
platelet suspension and LDL solution to the cuvet-
tes. LDL and cells were preincubated for 5-10 min.

The enzyme inhibitors indomethacin and ace-
tylsalicylic acid were used for cyclooxygenase, nor-
dihydroguaiaretic acid (NDGA) for lipoxygenase, and
BW-755C for both these enzymes. The liberation of
arachidonic acid from celiular phospholipids by phos-
pholipase A, can be blocked by the nonspecific
phospholipase inhibitor 4-bromophenacyl bromide.

The maximal rate of change in light transmis-
sion was determined as the mean for three samples.
The standard error in measuring platelet aggregation
rates did not exceed 10% in absolute terms. Each
curve in Figs. 1-3 represents the results of only one
assay (curves similar to each of those shown were
obtained in at least 5 independent assays). LDL
with oxidation degrees ranging from 0.5 to 12 umol
MDA/g protein were assayed. ADP-induced aggrega-
tion was used as an example of the influence ex-
erted by inhibitors on the aggregation parameter in
the case of an inducer for which the main pathway
of cell activation is arachidonic acid metabolism [2].
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Fig. 1. Rate of change in light transmission by platelet

suspension as a function of indomethacin concentration. The
inducers used were 0.8 g/liter LDL, 5.6 pumol/g protein MDA,
and 1 uM ADP.

RESULTS

In this experiment we recorded the total platelet
response (aggregation) as the variation with time in
the light transmission by a platelet suspension un-
der the action of an inducer (LDL or ADP). The
aggregation parameter used was the maximal rate of
change in light transmission, defined as the maxi-
mal slope of the light transmission curve [1]. Light
transmission rates were plotted against concentrations
of the inhibitors of arachidonic cycle acid enzymes
(Figs. 1-3).

Figure 1 presents plots of the aggregation pa-
rameter against the concentration of the cyclooxy-
genase inhibitor indomethacin. The inhibition of
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Fig. 2. Rate of change in light transmission by platelet
suspension as a function of NDGA concentration when
platelets were activated with 1 uM ADP or with LDL (0.7 g/
liter). 1) 0.8 umol/liter MDA; 2) 3.7 umol/liter MDA.
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Fig. 3. Rate of change in light transmission by platelet suspen-
sion as a function of 4—bromophenacyl bromide concentration
when platelets were activated by inducers: 1) 0.6 g/liter LDL,
1 pmol/g MDA; 2) 2.5 g/liter LDL, 2.3 umol/g MDA, 1 uM ADP.

LDL-induced aggregation was maximal (25-30%) at
indomethacin concentrations of 20-40 uM. For com-
parison, this figure also shows the results for ADP-
induced platelet aggregation, which agree well with
those from an earlier study [2]. Our results are also
consistent with the finding by Ardlie ez al. [4] that
indomethacin (2 uM) inhibits LDL-induced platelet
aggregation by 20%. In concentrations above 5 uM,
it can also inhibit lipoxygenase, and for this reason
the contribution of cyclooxygenase was also checked
using another inhibitor, acetylsalicylic acid. The in-
hibition of LDL-induced aggregation reached the
highest levels at acetylsalicylic acid concentrations of
120-150 uM. At these concentrations, the rate of
change in light transmission decreased by 15-20%.

Figure 2 shows the rate of change in light
transmission plotted against the concentration of the
lipoxygenase inhibitor NDGA for platelets activated
by native and oxidized LDL (these LDL were from
a single donor) and by ADP. Changes in the ag-
gregation parameter in the case of LDL-induced
aggregation did not exceed 30%, and the inhibition
of aggregation was maximal at inhibitor concentra-
tions of 10-15 uM. A comparison of plots obtained
for LDL-induced platelet aggregation vs. inhibitor
concentration for LDL with different levels of oxi-
dation products showed that the degree of inhibition
does not depend on the extent to which lipids of
the inducer have been modified by peroxidation.
Strong inhibition at micromolar NDGA concentra-
tions is typical for ADP [2]. Similar plots of ag-
gregation parameter vs. inhibitor concentration were
obtained for BW755C.

Figure 3 depicts the aggregation parameter as a
function of the concentration of 4-bromophenacyl
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bromide, a nonspecific phospholipase inhibitor, for

ADP- and LDL-induced platelet aggregation (the

LDL were from two donors). The result for ADP

is in line with that reported by Borin er al: a vir-

tually complete inhibition occurred at micromolar
concentrations of the inhibitor. 4-Bromophenacyl

bromide inhibited LDIL-stimulated aggregation in a

dose-dependent manner, the maximal inhibition

amounting to 90% of the initial value at inhibitor
concentrations of 10-20 uM. The differences between
the curves of LDL-induced aggregation shown in

Fig. 3 as representative examples are not determined

by differences in the concentrations of the LDL or

in the degree of their modification by peroxidation.

Overall, our results suggest that these differences are

due to individual cellular responses recorded for dif-

ferent donors.

The weak inhibition of LDL-induced platelet
aggregation observed following inhibition of arachi-
donic acid cycle enzyme warrants the following
three conclusions:

e arachidonic acid metabolism is not the princi-
pal pathway of cellular signal transmission in
the case of platelet activation by LDL;

e the strong inhibition of LDL-induced aggregation
by 4-bromophenacyl bromide suggests that phos-
pholipase C, a key enzyme of the phosphoi-
nositide cycle, is implicated in platelet activation
by LDL;

e native and oxidized LDL activate platelets by the
same mechanisms.
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port of this study (Project No. 93-04-6509).

REFERENCES

1. O. A. Azizova and 1. 1. Viasova, Byull. Eksp. Biol. Med.,
116, Ne 11, 485 (1993).

2. M. L. Borin, V. G. Pinelis, M. A. Ivanova, et al., Biol.
Membrany, 7, Ne 8, 862 (1990).

3.H. E. Andrews, J. W. Aitken, D. G. Hassal, et al.,
Biochem. J., 242, 559 (1987).

4. G. Ardlie, M. L. Selley, and L. A. Simons, Atherosclero-
sis, 76, 117 (1989).

5. K. R. Bruckdorfer, Platelets, 3, Ne 3, 155-158 (1992).

6. D. G. Hassal, J. S. Owen, and K. R. Bruckdorfer,
Biochem. J., 216, 43 (1983).

7. R. F. Itzahaki and D. M. Gill, Anal. Biochem., 9, 401 (1964).

8. F. T. Lindgren, Analysis of Lipids and Lipoproteins (Ed.
E. G. Perkins), Champaign (1975), pp. 204-224.

9.1. L. Surya and J. W. N. Akkerman, Amer. Heart J., 125,
272-275 (1993).

10. I. L. Surya, G. Gorter, M. Mommersteeg, and J. W. N.
Akkerman, Biochim. Biophys. Acta, 1165, 19-26 (1992).

11. P. R. Tranter, K. R. Bruckdorfer, and M. Schachter,
Biochem. Soc. Trans., 17, Ne 1, 216 (1989).

12. M. Uchiyama and M. Michara, Anal. Bioch., 86, 271 (1978).

13. B. Zhao, R. Dierichs, J. F. Lui, et al., Thromb. Res., 72,
33-37 (1993).



