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Inhibitors of the key enzyme of cholesterol biosynthesis B-hydroxy-B-methylglutaryl-coen-
zyme A reductase (statins) decrease cholesterol content in atherogenic low-density lipopro-
teins in patients with coronary heart disease and hypercholesterolemia, but inhibited biosyn-
thesis of ubiquinone Q,, protecting low-density lipoproteins from free radical oxidation. Ceri-
vastatin in a daily dose of 0.4 mg markedly increased the content of lipid peroxides in
low-density lipoproteins. However, complex therapy with cerivastatin and antioxidant probu-
col (250 mg/day) was accompanied by a sharp decrease in the content of lipid peroxides in
low-density lipoproteins in patients with coronary heart disease in vivo. These data indicate
that antioxidant agents should be used in combination with inhibitors of B-hydroxy-f3-methyl-
glutaryl-coenzyme A reductase (hypolipidemic preparations) for the therapy of patients with
coronary heart disease.
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The major approach to the therapy and prevention of
coronary heart disease (CHD) and atherosclerosis sug-
gests the use of hypolipidemic preparations that de-
crease cholesterol level in atherogenic low-density
lipoproteins (LDL) [6,7]. In the last years statins, inhi-
bitors of the key enzyme of cholesterol biosynthesis
B-hydroxy-p-methylglutaryl-coenzyme A (HMG—
CoA) reductase, were widely used as hypolipidemic
drugs [6,7]. However, our previous studies showed
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that statins intensify free radical oxidation in LDL in
vivo [2]. These changes are accompanied by an in-
crease in the degree of atherogenic oxidative modi-
fication of LDL [1]. Inhibition of HMG—CoA reduc-
tase blocks biosynthesis of mevalonate and farnesyl
pyrophosphate, the common precursor of cholesterol
and ubiquinone Q,, [3,12]. Reduced ubiquinone Q,,,
ubiphenol Q,,, is a potent antioxidant. It protects LDL
from oxidation in the circulation [13]. Our previous
experiments demonstrated that HMG—CoA reductase
inhibitor pravastatin in vivo increases the content of
lipid peroxides in plasma LDL in patients with CHD,
while ubiquinone Q,, abolishes this effect [2]. Pro-
bucol in low daily dose (250 mg) does not affect lipid
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metabolism [4], while in the standard therapeutic dose
(1000 mg/day) this preparation produces a moderate
hypocholesterolemic effect [5]. It should be emphasi-
zed that probucol in daily doses of 250 and 1000 mg is
equally potent in protecting LDL from oxidation [4].
Here we studied whether the last-generation inhibitor of
HMG—CoA reductase cerivastatin intensifies free ra-
dical lipid oxidation in LDL in patients with CHD and
whether probucol in low daily doses (250 mg) protects
LDL from atherogenic oxidative modification.

MATERIALS AND METHODS

A double-blind, randomized, placebo-controlled trial
was performed on 32 men (53£5 years) with chronic
CHD and primary type Ila hyperlipoproteinemia, pa-
tients of the A. L. Myasnikov Institute of Cardiology.
The patients received no lipotropic drugs for 3 months
before examination and followed a hypolipidemic diet
for 2 months before the therapy. The diagnosis of
hypercholesterolemia was made after two measure-
ments of plasma lipid concentration. The measure-
ments were performed before and 2 months after the
start of the hypolipidemic diet. The patients with total
plasma cholesterol level of 7.4+1.1 mmol/liter were
randomly divided into 2 groups of 16 individuals each.
Group 1 patients received cerivastatin in a daily dose
of 0.4 mg (Lipobay, Bayer) and probucol placebo for
6 months. Group 2 patients received cerivastatin and
probucol (Alcolex, ICN Pharmaceuticals) in daily doses
of 0.4 and 250 mg, respectively, for 6 months. Venous
blood was taken monthly from fasting individuals be-
fore and during the therapy (into tubes with 1 mg/ml
EDTA). For isolation of LDL the plasma was centri-
fuged in a NaBr density gradient at 42,000 rpm and
4°C (2%2 h) using a Beckman L-8 refrigerated centri-
fuge equipped with a 50Ti angle rotor [15] and dialy-
zed at 4°C for 16 h. This rapid method of LDL isola-
tion prevents oxidation of native LDL [14] compared
to their isolation by standard methods [9]. Electropho-
retic assay revealed no admixtures of other lipoprotein
fractions and plasma proteins in LDL samples [15]. It
should be emphasized that LDL isolated using this
procedure did not differ from those obtained by stand-
ard methods in the size and lipid composition [9].
Protein content in LDL was measured by the me-
thod of Lowry. The content of lipoperoxides in LDL
was determined. To this end, lipoperoxides were oxi-
dized with Fe?* and the content of Fe*" was determined
before and after reduction of organic hydroperoxides
with triphenylphosphine in the reaction with xylenol
orange [10]. Plasma levels of total cholesterol and
high-density lipoprotein (HDL) cholesterol were mea-
sured on a Kone Progress chemical analyzer using
Boehringer kits. The concentration of LDL cholesterol

was calculated from these values. Biochemical re-
agents were obtained from Sigma.
The results were analyzed by Student’s ¢ test.

RESULTS

In clinical practice probucol is used as a moderate
hypolipidemic drug. For reduction of the cholesterol
level this preparation should be used in a daily dose
of 1000 mg. Our previous studies showed that probu-
col in a daily dose of 250 mg had no effect on lipid
metabolism in the plasma from patients with CHD, but
the antioxidant effect of this dose did not differ from
that of 1000 mg probucol [4]. Taking these data into
account, we used probucol in low daily doses (250
mg) as the antioxidant agent. The concentrations of
total cholesterol, LDL cholesterol, and HDL chole-
sterol were similar in groups 1 (7.4+£0.86, 5.2+0.86,
and 1.3+0.48 mmol/liter, respectively) and 2 (8.1+
0.92, 5.7+ 0.88, and 1.3+0.43 mmol/liter, respectively).
LDL cholesterol concentration decreased by 38% after
6-month therapy with cerivastatin. In patients recei-
ving cerivastatin and probucol the concentration of
LDL cholesterol decreased by 49% (Table 1). The
concentration of total cholesterol decreased by 25%
after treatment with cerivastatin; in patients receiving
cerivastatin and probucol this parameter decreased by
39%. It should be emphasized that the more potent
hypolipidemic effect of combination therapy with ceri-
vastatin and probucol did not reach the level of signifi-
cance (Table 1) probably due to low number of exa-
mined patients. Our results and previous observations
[2] indicate that cerivastatin is much more potent than
other HMG—CoA reductase inhibitor pravastatin in
decreasing cholesterol concentration. This is consis-
tent with published data [7]. Probably, cerivastatin
more drastically inhibits biosynthesis of cholesterol
and ubiquinone Q,, than pravastatin. Theoretically,

TABLE 1. Changes in the Content of Plasma LDL Cho-
lesterol in Patients with CHD after 6-Month Therapy with
Cerivastatin Alone or in Combination with Probucol (M+m)

ey | Setvasain | onastan
0 5.67+0.89 5.27+0.86
1 4.63+1.73* 4.68+1.25
2 4.21+1.14* 4.27+0.98*
3 3.25+0.9* 4.39+1.18*
4 3.21x0.64* 4.15+0.57*
5 3.19+0.75* 3.95+1.37*
6 2.88+0.63* 3.26+1.09*

Note. *p<0.05 compared to the parameter before therapy.
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Fig. 1. Changes in the content of LDL lipid hydroperoxides in
patients with CHD after 6-month therapy with cerivastatin alone
(curve) or in combination with probucol (shaded area; results of 6
measurements during 6-month combination therapy).
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Fig. 2. Correlation between the contents of LDL cholesterol and lipid
hydroperoxides in patients with CHD receiving cerivastatin (from the
3rd to 6th month of therapy).

cerivastatin used for the therapy of patients with CHD
should markedly intensify free radical oxidation in
LDL. We found that lipid peroxide content in LDL
increased by 5 times after 3-month therapy with ceri-
vastatin and remained high to the end of observations
(more than a 4-fold increase, Fig. 1). However, our
previous observations showed that after 6-month ther-
apy with pravastatin the content of lipid peroxides in
LDL increases only by 30% [2]. The content of lipid
peroxides did not increase in patients with CHD re-
ceiving combination therapy with cerivastatin and pro-
bucol (Fig. 1). These results indicate that probucol in
a daily dose of 250 mg completely blocks intensifica-
tion of free radical oxidation in LDL in vivo (Fig. 1),
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induced by cerivastatin and enhances their atherogenic
modification [1]. Recent studies showed that statins
produce an antioxidant effect in model systems [6].
The therapy with these preparations ex vivo inhibits
oxidation of LDL [6]. However, our observations in-
dicate that HMG—CoA reductase inhibitors markedly
increase the content of primary oxidation products in
LDL in vivo. It should be emphasized that direct mea-
surements of lipid peroxide content in LDL more ade-
quately reflect the intensity of oxidative processes in
LDL in vivo than Cu?*-induced LDL oxidation in vitro
[6]. Our results are consistent with published data that
statins decrease plasma ubiquinone Q,, level in pa-
tients [8,11,12]. If this hypothesis is true, in patients
with CHD receiving HMG—CoA reductase inhibitors
a negative correlation should be observed between the
content of plasma LDL cholesterol, which decreases
due to the inhibition of its biosynthesis, and lipid hyd-
roperoxide concentration in these particles, which in-
creases due to reduction of the amount of the natural
antioxidant ubiquinone Q,,. After the therapy with
cerivastatin we revealed a negative correlation be-
tween the contents of cholesterol and lipid peroxides
in LDL (»=-0.42, p=0.003, Fig. 2). The correlation
coefficient was low probably due to an incomplete in-
hibition of the synthesis of cholesterol and ubiquinone
Q,, with cerivastatin (Table 1) and uncontrolled sup-
ply of patients with cholesterol and ubiquinone Q,,
from food products.

Our results indicate that the positive effect of
HMG—CoA reductase inhibitors (reduction of chole-
sterol level) is associated with enhanced atherogenic
oxidative modification of LDL due to the decrease in
ubiquinone Q,, content. Therefore, the therapy with
HMG—CoA reductase inhibitors increases the risk of
atherogenic oxidative modification of LDL. The nega-
tive effect of statins should be corrected with anti-
oxidants.
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