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Summary

The oxidative modification of low density lipoprotein (LDL) plays an important role in the pathogenesis of
atherosclerosis. LDL of subjects with atherogenic lipoprotein phenotype (ALP) is known to be more susceptible to
oxidation. We studied the effect of the hypolipidaemic drug ciprofibrate on the susceptibility of LDL to in vitro
oxidation. Nine patients with primary hypertriglyceridaemia and hypoalphalipoproteinaemia (mean plasma
triglycerides 3.76 mmol.I"! and HDL-cholesterol 0.74 mmol.l"1) were treated with ciprofibrate for 12 weeks. The
susceptibility of LDL to in vitro Cu?*-mediated oxidation was assessed by measuring conjugated diene formation at
234 nm. Ciprofibrate therapy significantly prolonged the lag time (93+7 min vs. 102+11 min, P=0.02). The
maximal rate of diene production was 11 % lower, but the decrease was not significant. A significant positive
correlation was observed between maximal rate and maximal amount of dienes formed. Thiobarbituric acid
reacting substances (TBARS) and lipid hydroperoxides (LPO) in oxidatively-modified LDL, isolated from the
plasma of patients before and after drug treatment, were unchanged. The results suggest that ciprofibrate therapy
has a favourable effect by increasing the in vitro resistance of LDL against oxidation.

Key words
Atherosclerosis — Ciprofibrate — LDL — Oxidative modification

Introduction

The oxidative modification of low density
lipoprotein (LDL) is a key event in early atherogenesis
(Steinberg et al. 1989). Oxidatively-modified LDL is
taken up by scavenger receptors of macrophages in an
uncontrolled fashion, leading to the production of lipid-
laden foam cells (Steinbrecker et al 1984,
Parthasarathy et al. 1987). The formation of
atherogenic oxidized LDL (ox-LDL) can be inhibited
by dietary antioxidants such as vitamins C and E,
carotenoids and phenolic compounds (Sato et al. 1990,
Lavy et al. 1993). Some lipid lowering drugs (namely
statins) have also been shown to reduce the
susceptibility of LDL to oxidation in hyperlipidaemic

patients (Hoffman et al. 1992, Kleinveld et al. 1993,
Hussein et al. 1997).

Ciprofibrate is a lipid-lowering drug,
belonging to the class of fibric acid derivates. Its
beneficial effects on plasma very low density
lipoprotein (VLDL), low density lipoprotein (LDL),
high density lipoprotein (HDL) and on the metabolism
of LDL have been documented (Oro ef al. 1992, Gaw et
al. 1994). Ciprofibrate also normalized both the
quantitative and qualitative features about the
atherogenic LDL particle profile in combined
hyperlipidaemia (Bruckert et al. 1993, Chapman and
Bruckert 1996). To the best of our knowledge, there
have been no reports of the effect of ciprofibrate on
LDL susceptibility to in vitro oxidation.
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Therefore, we studied the effect of ciprofibrate
treatment for 12 weeks on the in vitro resistance to
Cu?*-induced oxidation of LDL isolated from the
plasma of patients with the atherogenic lipoprotein
phenotype (hypertriglyceridaemia and hypoalpha-
lipoproteinaemia). The extent of oxidative modification
was measured by the kinetics of conjugated diene
formation, thiobarbituric acid reacting substances
(TBARS) and lipid hydroperoxides (LPO).

Materials and Methods

Thirteen patients with atherogenic lipoprotein
phenotype  (hypertriglyceridaemia and hypoalpha-
lipoproteinaemia) entered the prospective open trial
after a 6-week wash-out period on a low fat-low
cholesterol diet (less than 200 mg of cholesterol per
day). The patients had neither any disorder causing
secondary hyperlipoproteinaemia, nor a recent history
of acute myocardial infarction, stroke, surgery, unstable
angina pectoris or gastroduodenal ulcer. Ciprofibrate
(Lipanor 100) was taken in one capsule (100 mg) once
a day for 12 weeks. Three patients dropped out from
the study after six weeks of ciprofibrate treatment (one
patient stopped the treatment during influenza
infection and two patients refused further cooperation).
The results of the tenth patient were not evaluated.

Blood samples, after an overnight fast, were
collected at the start and after 12 weeks of drug
treatment into EDTA-containing tubes and centrifuged
for 15 min at 3000 rpm. Total cholesterol and
triglycerides ~ were  determined  enzymatically,
apolipoprotein B and Al were measured using an
immunoturbidimetric method (Boehringer-Mannheim,
autoanalyzer HITACHI 911). HDL-cholesterol was
measured by dextran sulphate precipitation followed by
enzymatic determination of cholesterol. Plasma
samples, to which saccharose (final concentration
6 gl1) and butylated hydroxytoluene (BHT; final
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concentration 4.4 mg1-1) had been added, were frozen
at —80°C (Kleinveld et al. 1992) and analyzed for
LDL-resistance simultaneously at the end of the drug
treatment.

LDL (d = 1.019 — 1.063 kgl™1) was isolated
by density gradient ultracentrifugation (Terpstra et al.
1981) in a Beckman L7-65 ultracentrifuge at 15 °C. The
LDL fraction, located in the centre of the tube, was
collected by aspiration and extensively dialyzed in the
dark for 15 h at 4 °C against 0.01 mol.I"1 phosphate
buffer (pH = 7.4) containing 0.16 mol.I"1 NaCl (PBS).
The buffer was prepared oxygen-free by intensive
purging with nitrogen. The protein content was
determined in LDL according to Lowry et al. (1951).

The kinetics of oxidation of the LDL fraction
were determined according to the method of
Esterbauer et al. (1989) by measuring conjugated diene
formation. Briefly, dialyzed LDL was diluted directly
before the start of oxidation with an EDTA-free
phosphate buffer to a final concentration of 50 ug.ml™1,
Oxidation was initiated by addition of freshly prepared
CuCly (final concentration in the cuvette 1.66uM).
LDL oxidation kinetics were monitored by the change
in 234 nm absorbance at 30 °C every 5 min for 4 h on a
Beckman spectrophotometer DU-650 equipped with a
six-position automatic sample changer. To describe the
oxidizability of LDL fractions we used five parameters
from the oxidation curve (Kleinveld et al. 1992): the lag
time defined as the time between the intercept of the
linear least-square slope of the curve with the
horizontal axis (lag time), the maximal rate of
oxidation (Vmax) at time t, the maximal amount of
dienes formed (CDpay) and the time needed to reach
maximal diene production (tmax) (Fig.1). Vmax and
CDmax, expressed as nanomoles of dienes produced
per minute per mg of LDL-protein and nanomoles per
mg of LDL-protein, respectively, were calculated using
the molar absorbance coefficient for conjugated dienes
(6234 = 29 500).
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Fig. 1. Kinetics of LDL oxidation
determined by monitoring the
change in absorbance at 234 nm.
From this curve five parameters were
determined: lag time, maximal rate
of oxidation (Vmmax) at the time t,
maximal amount of dienes formed
(CDpiax) and the time needed to
reach maximal diene production
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LDL oxidation for TBARS (thiobarbituric acid
reacting substances) determination was performed
under the following conditions: 0.3 mg of LDL-protein
was diluted in 3 ml of PBS and incubated in the
presence of CuSO4 (final concentration 10 #M) at
37°C for 4 h. At the times 0 and 4 h the oxidation was
stopped by refrigeration and addition of EDTA (final
concentration 0.2 mM) and BHT (final concentration
40 uM). TBARS were measured using the method of
Buege and Aust (1978). The concentration of
malondialdehyde (MDA) was calculated by using the
extinction  coefficient for MDA  (1.56 x 10°
Lmollecm™1).

For the determination of lipid hydroperoxides
(LPO), 0.3 mg of LDL-protein in 0.6 ml of PBS in the
presence of CuCly (final concentration 5 uM) were

incubated at 37 °C for 4 h. The reaction was stopped by
refrigeration and addition of EDTA and BHT (final
concentrations as for TBARS). LPO were estimated
iodometrically according to El-Saadani et al. (1989)
and the concentration was calculated using the molar
extinction coefficient 2.46 x 104 moll l.ecm™1. The
length of incubation for both TBARS and LPO
corresponds to the maximum of their concentrations,
as determined in our previous experiments. TBARS
and LPO determinations were performed in duplicates.
The results, presented as means + S.D. were
statistically analyzed using Student’s paired t-test or the
Wilcoxon test. Correlation analysis was performed by
Spearman correlation analysis (Statgraphics). The
minimal acceptable level of significance was P <0.05.

Table 1. Effect of ciprofibrate therapy on plasma lipids and lipoproteins

Ciprofibrate therapy
Before After
Total cholesterol (mmol.I™1) 5.75+1.01 5.01+£0.91**
Triglycerides (mmol.”1) 3.76+1.61 1.98+0.81***
HDL-cholesterol (mmol.I"1) 0.74+0.14 0.90£0.19***
Apo-B (g1} 0.91+0.15 0.77+0.13*
Apo-Al (glI1) 1.04+0.14 1.17£0.22

Values are means + S.D., * P<0.05, ** P<0.0], *** P<0.001.

Results

The effect of therapy with the hypolipidaemic
drug ciprofibrate on in vitro oxidation of LDL was
studied in  nine  patients  with  primary
hypertriglyceridaemia and hypoalphalipoproteinacmia

(ALP) before and 12 weeks after treatment.
Ciprofibrate therapy resulted in significant decreases in
plasma  total  cholesterol, triglycerides  and
apolipoprotein B (13 %, 47 % and 15 %, respectively)
and an increase in HDL-cholesterol (22 %) (Table 1).

Table 2. Effect of the therapy with ciprofibrate for 12 weeks on LDL

oxidizability parameters

Parameter Ciprofibrate therapy
Before After

Lag time (min) 93+7 102+11*

Maximal rate,

Vmax (nmol/min/mg LDL protein) 6.29+1.15 5.60+1.07

at time t (min) 131+9 138+15

Maximal dienes,

CDmax (nmol/mg LDL protein) 370+52 356+69

at time tmax (min) 170+16 187+ 15*

Values are means +S.D. * P<0.05.



188 Nagyova et al.

Vol. 47

0.6

---a--- before therapy
—o— after therap

04

ABSORBANCE [ 234nm ]

0,2

TIME [ min }

Fig. 3. Correlation between
maximal rate of diene production
(Vmax) and maximal amount of
dienes formed (CDmay). The
difference in mean values before
and after therapy from each patient
(r=0.925, P<0.05).
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Fig. 2. Kinetics of conjugated diene
formation during Cu?*-mediated
oxidation of LDL isolated from
hypertriglyceridaemic patient before
and after ciprofibrate therapy. (open
triangles) vs. (open circles) 95 and
112 (lag time); 5.84 and 4.30
(maximal rate) and 368 and 300
(diene max. ).
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Table 3. Conjugated dienes (CD), thiobarbituric acid reacting substances
(TBARS) and lipid hydroperoxides (LPO) concentrations in LDL after
4-hour oxidation

Ciprofibrate therapy

Before After
CD (nmol/mg LDL protein) 33444 332+64
TBARS (nmol/mg LDL protein) 53.7+8.7 55.9+10.2
LPO (nmol/mg LDL protein) 436+85 425+81

Values are means +SD. CD values were calculated from the kinetic curve
for CD formation.
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The resistance of LDL to oxidation, as
measured by the duration of the lag time during
copper-mediated oxidation, was greater in the patients
after ciprofibrate therapy (93+7 min vs. 102+ 11 min,
P=0.02) (Table 2, Fig. 2). The maximal rate of diene
production during in vitro oxidation of LDL decreased
by 11 % (decrease in 6 patients, no change in
3 patients) but this decrease was not significant.
Despite that, a significant positive correlation between
maximal rate and maximal amount of dienes formed
was observed (Fig. 3). The maximal amount of dienes
formed during LDL oxidation was not significantly
affected by ciprofibrate therapy.

LDL oxidation at the maximum point was also
determined by assaying TBARS and LPO after 4 h of
in vitro oxidation. No significant differences were seen
between LDL samples taken from patients before and
after drug therapy (Table 3).

Discussion

The present study has demonstrated that
ciprofibrate therapy, in addition to its beneficial effects
on plasma lipoproteins, increased the resistance of
LDL to oxidation as measured by the duration of the
lag time. Different hypolipidaemic drugs have been
shown to have different effects on the in vitro resistance
of LDL to oxidation. The reduced susceptibility of LDL
to oxidation in hypercholesterolaemic patients treated
with fluvastatin for 24 weeks was demonstrated
(Hussein et al. 1997). The authors supposed that the
antiatherogenic properties of fluvastatin are not limited
to its hypocholesterolaemic effect, but could also be
related to its ability to reduce LDL oxidizability. The
same authors also demonstrated that hypolipidaemic
drugs such as pravastatin, cholestyramine and
bezafibrate reduce the ex vivo susceptibility of LDL to
oxidation in hypercholesterolaemic patients (Hoffman
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