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Aims

 

Diabetic dyslipidaemia with decreased high-density lipoprotein-cholesterol (HDL-C)
concentration plays a key role in enhanced atherosclerosis. The antioxidant effect of
HDL is due to the influence of human paraoxonase 1 (PON1) and several authors
have described decreased activity of this enzyme in Type 2 diabetics and subjects
with metabolic syndrome. The goal of this study was to examine the effect of daily
ciprofibrate on serum PON1 and lipoprotein concentrations in patients with metabolic
syndrome.

 

Methods

 

Fifty-one patients with metabolic syndrome were enrolled into the study. We exam-
ined the effect of 100 mg day

 

−

 

1

 

 ciprofibrate treatment on lipid concentrations, oxi-
dized low-density lipoprotein (LDL), PON1 concentrations and activity. We also
investigated the calculated size of LDL-cholesterol (LDL-C).

 

Results

 

During the 3-month study, it was observed that following treatment with ciprofibrate,
the serum triglyceride concentration decreased significantly (from 2.76 

 

±

 

 0.9 mmol
l

 

−

 

1

 

 to 2.27 

 

±

 

 1.6 mmol l

 

−

 

1

 

; 

 

−

 

18%; 

 

P

 

 

 

<

 

 0.001), while HDL-C increased significantly
(from 0.95 

 

±

 

 0.2 mmol l

 

−

 

1

 

 to 1.2 

 

±

 

 0.3 mmol l

 

−

 

1

 

; 26%; 

 

P

 

 

 

<

 

 0.001). The oxidatively
modified LDL-C concentration decreased significantly (from 137 

 

±

 

 19 U l

 

−

 

1

 

 to
117 

 

±

 

 20 U l

 

−

 

1

 

; 

 

P

 

 

 

<

 

 0.001), while HDL-associated apolipoprotein A1 significantly
increased (from 1.35 

 

±

 

 0.2 g l

 

−

 

1

 

 to 1.75 

 

±

 

 0.3 g l

 

−

 

1

 

; 

 

P

 

 

 

<

 

 0.001). The LDL-C/LDL-apoB
ratio, which reflects the size of LDL, increased significantly (from 0.96 

 

±

 

 0.05 to
1.05 

 

±

 

 0.06; 

 

P

 

 

 

<

 

 0.05). Serum PON1 activity was significantly elevated (from
108 

 

±

 

 34 U l

 

−

 

1

 

 to 129 

 

±

 

 31 U l

 

−

 

1

 

; 

 

P

 

 

 

<

 

 0.05), while standardized values for HDL-C
remained significantly unchanged (PON1/HDL-C) (from 114 

 

±

 

 21 to 107 

 

±

 

 20; NS).

 

Conclusion

 

Three months of treatment with ciprofibrate favourably affected the lipid profile,
increased LDL resistance to oxidation and improved antioxidant status by increasing
serum paraoxonase activity in these patients.

 

Introduction

 

Metabolic syndrome is a combination of metabolic
abnormalities including glucose intolerance or Type 2
diabetes mellitus, obesity, dyslipdaemia and high blood

pressure. Abnormal glucose metabolism in Type 2
diabetes and metabolic syndrome develops over years,
during which period patients are at high risk for athero-
genesis and cardiovascular diseases. Disturbed lipid
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metabolism is the early manifestation of insulin resis-
tance. Peripherial cells are resistant to insulin, which
results in the disturbance of glucose uptake. The abnor-
mal cellular glucose uptake leads to hyperglycaemia
and hyperinsulinaemia. Loss of insulin’s peripherial
antilipolytic action in adipocytes results in an increase
in free fatty acid (FFA) concentrations [1]. Persisting
hyperinsulinaemia and increased FFA concentrations
enhance very low density lipoprotein (VLDL) produc-
tion in the liver [2], and decrease lipoprotein lipase
activity resulting in hypertriglyceridaemia, moderate
hypercholesterolaemia and decreased high-density lipo-
protein-cholesterol  (HDL-C) concentrations. Changes
in lipoprotein metabolism also lead to the modification
in composition of lipid components [3]. Since hyper-
triglyceridaemia is the dominant lipid abnormality in
metabolic syndrome, data regarding the role of triglyc-
eride in atherogenesis are especially interesting. Clini-
cal studies show that hypertriglyceridaemia enhances
the atherogenetic process [4–6]. The increase in the
proportion of oxidation-sensitive small, dense low-
density lipoprotein (LDL), with a corresponding
decrease in the concentration of HDL-C, may together
play a significant role in the atherosclerosis observed in
hypertriglyceridaemia [7].

Human paraoxonase 1 (PON1), a HDL-associated
enzyme, is able to prevent LDL oxidation 

 

in vitro

 

 and

 

in vivo

 

 [8, 9]. The genetic polymorphism at codon 192
(Gln/Arg) is principally responsible for the changes in
enzyme activity; however, polymorphism at codon 55
(Leu/Met) has been shown to be an independent risk
factor for cardiovascular diseases in patients with Type
2 diabetes [10, 11]. The PON1-192 activity polymor-
phism is substrate dependent. Paraoxon is hydrolysed
faster by Arg alloenzyme, while both Arg and Gln
alloenzymes hydrolyse phenylacetate at the same rate.
Mackness 

 

et al.

 

 found decreased PON1 activity in
patients with Type 1 diabetes and familial hypercholes-
terolaemia [12]. Both polymorphisms have been identi-
fied as independent risk factors for cardiovascular
disease in diabetic and nondiabetic patients [13–15].
Others could not verify these results [16].

Fibrates are one of the commonly used lipid-lowering
drugs. Their most important clinical effects are a marked
reduction in serum triglycerides and an increase in
HDL-C [17, 18]. In previous studies using gemfibrozil
and micronized fenofibrate, we found, in addition to a
more favourable lipid profile, that these drugs have an
advantageous effect on HDL-associated antioxidant
PON1 activity [19, 20].

Several clinical trials of fibrates proved the earlier
role of fibrates in the management of obese, insulin-

resistant and diabetic patients, features characteristic of
the metabolic syndrome [21]. Serum PON1 activity was
found to be significantly reduced in subjects with
metabolic syndrome [22]. The goal of the present study
was to investigate changes in lipid profile and HDL-
associated PON1 concentration and activity in meta-
bolic syndrome using ciprofibrate.

 

Methods

 

Study design and patients

 

Thirty patients with metabolic syndrome were enrolled
in an open, prospective, self-control study. Inclusion
criteria were abdominal obesity [body mass index
(BMI) 

 

>

 

27 kg m

 

−

 

2

 

], hypertension (treated or recognized
hypertension, RR 

 

>

 

140/90 mmHg), dyslipidaemia
(triglyceride  

 

>

 

 1.7 mmol l

 

−

 

1

 

,  cholesterol  

 

>

 

5.2 mmol
l

 

−

 

1

 

, HDL-C 

 

<

 

0.9 mmol l

 

−

 

1

 

 in men, 

 

<

 

1.17 mmol l

 

−

 

1

 

 in
women), glucose intolerance (treated diabetes mellitus,
haemoglobin A

 

1c

 

 

 

<

 

7.5%, or decreased glucose tolerance
in oral glucose tolerance test).

Patients with hepatic disorders, endocrine or renal
disorders (serum creatinine concentration 

 

>

 

130 

 

µ

 

mol
l

 

−

 

1

 

), coronary heart disease, alcoholism, drug depen-
dence, gallstones, malignancy, pregnancy or lactation,
or treated with anticoagulant or lipid-lowering therapy
were excluded from the study. Only nonsmoking
patients were recruited. Patients’ physical activity and
diet did not change during the study period. After
5 weeks on the National Cholesterol Education Program
(NCEP) step 1 diet, patients received ciprofibrate
(Lipanor

 

®

 

) 100 mg day

 

−

 

1

 

 for 3 months. Examinations
were performed at the beginning of the study and at the
end of the third month (physical examination, BMI,
electrocardiogram, laboratory tests). The main markers
of infection [C-reactive protein (CRP), leucocyte num-
ber, sedimentation rate, blood smear], and lipoprotein(a)
[Lp(a)] were normal.

Patients gave written, informed consent to participate,
and the study was performed according to the require-
ments of the Ethics Committee of the Medical and
Health Science Centre, University of Debrecen.

 

Blood sampling

 

After overnight fasting, 10 ml venous blood was drawn.
Haemoglobin, haematocrit, white blood cell count, sed-
imentation rate, liver enzymes, urea, creatinine, creati-
nine kinase, fibrinogen, CRP, bilirubin, uric acid, serum
glucose, cholesterol, HDL-C, LDL-C, apolipoprotein AI
(apoAI), apolipoprotein B-100 (apoB-100), triglyceride
concentrations and serum paraoxonase activity and con-
centration were measured. The lipid parameters were
determined from fresh sera. Sera for paraoxonase
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activity measurements were kept at 

 

−

 

20 

 

°

 

C before
analysis.

 

Lipid measurements

 

Serum cholesterol and triglyceride were assayed using
a Boehringer Mannheim GmbH Diagnostic enzyme kit,
while HDL-C was investigated by the phospho-tungstic-
magnesium precipitation method. The LDL-C fraction
was calculated indirectly using the Friedewald equation.
Apolipoprotein examination was performed by the
immuno-nephelometric assay in which the Orion Diag-
nostic kit (Orion Diagnostica, Turku, Finland) was used.

 

Estimation of LDL size

 

The ratio of LDL-C/LDL-apolipoprotein B was
calculated,  where  LDL-apolipoprotein  B  (LDL

 

B

 

)
was obtained as follows: LDL

 

B

 

 

 

=

 

 apoB 

 

−

 

 0.09Chol 

 

+

 

0.09HDL 

 

−

 

 0.08Triglyceride.
This ratio reflects the size of LDL. Normal values

range from 1.2 to 2.3 (90% percentile); the preponder-
ance of small dense particles was postulated when the
ratio fell below 1.2 [23].

 

Analysis of paraoxonase activity

 

PON1 activity was determined using paraoxon (O,O-
diethyl-O-p-nitrophenylphosphate; Sigma Chemical
Co., St. Louis, MO, USA) as substrate, and measuring
the increase in the absorbance at 412 nm due to forma-
tion of 4-nitrophenol. Activity was measured by adding
50 

 

µ

 

l serum to 1 ml Tris–HCl buffer (100 mmol l

 

−

 

1

 

,
pH 8.0) containing 2 mmol l

 

−

 

1

 

 CaCl

 

2

 

 and 5.5 mmol l

 

−

 

1

 

paraoxon. The rate of generation of 4-nitrophenol was
determined at 412 nm, 25 

 

°

 

C, using a Hewlett-Packard
(Hewlett-Packard Company, Palo Alto, CA, USA) 8453
UV-visible spectrophotometer. Enzyme activity was
calculated from the molar extinction coefficient 17 100

 

M

 

−

 

1

 

 cm

 

−

 

1

 

. One unit of PON1 activity is defined as 1 

 

µ

 

mol
of 4-nitrophenol formed per minute under the assay
conditions mentioned above [24].

 

Arylesterase assay

 

Arylesterase activity was measured spectrophotometri-
cally. The assay contained 1 m

 

M phenylacetate in
20 mM Tris–HCl pH 8.0. The reaction was started by the
addition of the serum and then the increase in absor-
bance at 270 nm was read. Blanks were included to
correct for the spontaneous hydrolysis of phenylacetate.
Enzyme activity was calculated using the molar extinc-
tion coefficient 1310 M−1 cm−1. Arylesterase activity is
expressed in U ml−1; 1 U is defined as 1 µmol phenylac-
etate hydrolysed per minute.

Paraoxonase phenotype distribution
The phenotypic distribution of PON1 was determined
by the dual substrate method [25]. The ratio of the
hydrolysis of paraoxon in the presence of 1 M NaCl
(salt-stimulated PON1 activity) to the hydrolysis of phe-
nylacetate was used to assign individuals to one of the
three possible (AA, AB, BB) phenotypes.

ELISA for plasma oxidized LDL concentration
Serum oxidized LDL (oxLDL) concentration was deter-
mined by enzyme-linked immunosorbent assay (WAK-
chemie Medical GmBH, Bad Soden, Germany). Human
plasma containing oxLDL was coated onto microtitre
strips covered by monoclonal mouse antioxLDL anti-
body. The coated strips were immersed in buffer con-
taining antilipoprotein B antibody to detect bound
oxLDL. After removal of unbound conjugates by wash-
ing, tetramethylbenzidine (TMB) was added as a chro-
mogenic substrate. The concentration of oxLDL was
quantified by an enzyme-catalysed colour change
detectable spectrophotometrically. Plasma concentra-
tion of oxLDL was determined by reference to a stan-
dard curve constructed with purified oxLDL.

Measure of PON1 plasma concentration
The plasma PON1 concentration was determined by
ELISA. (WAK-Chemie Medical GmBH). Microtitre
plate wells were coated with rat HDL (100 µl  10 µg
ml−1 in 50 mM carbonate/bicarbonate buffer pH 9.6)
overnight at room temperature. After removing the coat-
ing buffer, the remaining absorption sites were blocked
(1 h at 37 °C) with 200 µl blocking buffer [50 mM car-
bonate/bicarbonate pH 9.6, containing 1% (w/v) bovine
serum albumin (BSA)]. After washing with washing
buffer [10 mM sodium phosphate buffer pH 7.4, 140 mM

NaCl, 2.7 mM KCl, 0.02% NaN3, containing 0.1% (w/
v) BSA], 100 µl of diluted test serum (1 : 250 with PBS
pH 7.4) and 100 µl of antiparaoxonase antibody were
added and incubated for 3 h at 37 °C. After removing
the antibody–serum mix, the wells were washed with
washing buffer and incubated with alkaline phos-
phatase-conjugated goat antimouse IgG (100 µl of
1 : 500 dilution, 2 h, 37 °C). After washing, 50 µl of
substrate solution (p-nitrophenyl phosphate in 10%
diethanolamine pH 9.8, containing 0.05 mM MgCl2 and
0.02% sodium azide) was added and the plate was incu-
bated for 30 min at 37 °C. The reaction was stopped
with 50 µl of 1 M NaOH, and the absorbent at 405 nm
was measured with a microplate reader (Anthos Labtec,
Wien, Austria). A calibration curve was used with puri-
fied PON1. The linear range of the assay was 0.17–
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1.36 µg PON ml−1. The intra-assay coefficient of varia-
tion was 3.2%.

Statistical analysis
Statistical analysis was performed using the SAS for
Windows 6.12 computer program (SAS Inc., Cary, NC,
USA). Data are presented by descriptive analysis (mean
± SD). Comparisons between groups (before and after
treatment) were performed by the paired t-test and
ANOVA. Significance was accepted at the P < 0.05 level.

Results
Laboratory parameters of the patients before and after
the 3-month treatment with ciprofibrate 100 mg day−1

are shown in Table 1. After ciprofibrate administration
the serum triglyceride concentration was reduced signif-
icantly by 17.9%. The HDL-C concentration was signif-
icantly increased (26%) after therapy (0.95 ± 0.2 vs.
1.2 ± 0.3 mmol l−1; P < 0.001). The ApoAI concentra-
tion was significantly elevated by 30% (1.35 ± 0.2 vs.
1.75 ± 0.3 g l−1; P < 0.001). There was no difference
between serum cholesterol and LDL-C concentrations
before and after treatment. The reduction in apoB
(8.3%) and Lp(a) concentrations (2.5%) was not signif-
icant. The serum fibrinogen concentration was signifi-
cantly reduced by 7.6% following ciprofibrate therapy
(4.12 ± 0.73 vs. 3.81 ± 0.97 g l−1; P < 0.01).

OxLDL is an important factor in the development and
progression of atherosclerotic lesions. After ciprofibrate

treatment the oxLDL-c concentration was significantly
decreased (137 ± 19 U l−1 vs. 117 ± 20 U l−1, P < 0.001).
Small, dense LDL has been reported to be more suscep-
tible to oxidation. We estimated the LDL-C/LDL-apoB
ratio, which reflects the size of LDL. The LDL-C/LDLB

ratio was significantly increased (from 0.96 ± 0.05 to
1.05 ± 0.06; P < 0.05) (Table 2).

HDL-associated PON1 activity was significantly
increased after ciprofibrate therapy (108 ± 34 U l−1 vs.
129 ± 31 U l−1, P < 0.05). The serum PON1 concentra-
tion did not change significantly (57.32 ± 7.17 vs.
52.82 ± 8.55 mg ml−1).

PON1 specific activity was significantly lower before
than after ciprofibrate therapy (1.88 ± 0.68 vs. 2.44
± 0.83 U mg−1, P < 0.05) (Table 2).

Since PON1 is associated with HDL, we examined if
the increase in PON1 activity could be explained by the
higher HDL-C concentration. The standardized enzyme
activity value for HDL-C (PON1/HDL-C) was calcu-
lated. After ciprofibrate treatment, the HDL-C concen-
tration was significantly increased (P < 0.001). There
was no significant change in PON1/HDL-C ratio after
therapy (114 ± 21 vs. 107 ± 20). Similarly, there was no
significant change in PON1/apoAI ratio after ciprofi-
brate treatment (80 ± 19 vs. 73 ± 24) (Table 2).

Most of the patients showed the low-activity AA
(68.9%), 27.6% of the patients the immediate-activity
AB and 3.9% of the patients the high-activity BB phe-
notype. The individual responses of patients were not

Before
treatment

After
treatment 

Percent
change

Number of patients 51 51  –
Age (years) 51.9 ± 8.1 51.9 ± 8.1  –
Body weight (kg) 110 ± 6.9 106.4 ± 5.3 −3.3
Body mass index (kg m−2) 40.13 ± 2.7 39.2 ± 2.4 −2.3
Glucose (mM) 6.94 ± 1.15 6.87 ± 1.24 −1.0
Haemoglobin A1c (%) 7.19 ± 0.94 6.76 ± 0.58 −6.0
Insulin (mU l−1) 23.37 ± 16.3 21.48 ± 11.5 −8.1
Fibrinogen (g l−1) 4.12 ± 0.73 3.72 ± 0.97* −9.7
Cholesterol (mmol l−1) 5.58 ± 0.74 5.58 ± 0.82 0
LDL-cholesterol (mmol l−1) 3.36 ± 0.48 3.42 ± 0.67 +1.78
Triglyceride (mmol l−1) 2.76 ± 0.8 2.27 ± 0.6** −17.7
HDL-cholesterol (mmol l−1) 0.95 ± 0.21 1.2 ± 0.33** +26.3
Apolipoprotein A1 (g l−1) 1.35 ± 0.2 1.75 ± 0.3** +29.6
Apolipoprotein B (g l−1) 1.7 ± 0.45 1.56 ± 0.43 −8.2
Lipoprotein(a) (mg l−1) 311.9 ± 250 304.2 ± 260 −2.5

Values are mean ± SD. **P < 0.001; *P < 0.01.

Table 1
Demographic characterisctics and 
laboratory parameters of the study 
population before and after 
ciprofibrate treatment
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related to their phenotypes (Figure 1). In 78.4% of all
patients an increase and in 21.6% a reduction of paraox-
onase activity was found. In the AA group these ratios
were 80% and 20%, in the AB group 78.6% and 21.4%,
respectively. There were only two patients with the BB
phenotype, which was not enough for a statistical
analysis.

Discussion
Metabolic syndrome is characterized by obesity, insulin
resistance, hypertension and dyslipidaemia. In patients
with metabolic syndrome, increased triglyceride and
decreased HDL can often be observed. Each of these
factors increases the fibrinogen production of the liver.
Beneficial effect of micronised fenofibrate and ciprofi-
brate on fibrinogen concentration have been examined
in several studies, in which changes in fibrinogen con-
centration were 15% and 20.1%, respectively [26, 27].
In agreement with these findings, in our study a signif-
icant fibrinogen reduction of 7.6% was found. Since

there was no significant change in body weight during
the study period, that possible cause of fibrinogen con-
centration reduction can be ignored.

The effect of fibrates on lipids and lipoproteins has
been observed in triglyceride- and cholesterol-rich par-
ticles. They perform this action via reduction of FFA
concentration as substrate of triglyceride formation and
increased lipolysis of triglyceride-rich lipoprotein [28].
Blane et al. detected that fenofibrate caused a reduction
of 40–60% in triglyceride concentration in type IIb
hyperlipoproteinaemia [29]. In this study, we found that
the triglyceride concentration was decreased by 17.8%
after 100 mg day−1 ciprofibrate treatment. Other authors
have reported a reduction of 43.5% in triglyceride con-
centration in dyslipidaemic patients after 8 weeks of
therapy [30]. Blane et al. demonstrated that 300 mg
fenofibrate administration reduced cholesterol concen-
tration by 10–30% [29]; however, Kornitzer et al.
described a reduction of 20.5% in cholesterol concen-
tration after 200 mg micronized fenofibrate treatment

Before
treatment

After
treatment

Paraoxonase activity (U l−1)  108 ± 34  129 ± 31*
Paraoxonase concentration (µg ml−1) 57.32 ± 7.17 52.82 ± 8.55
Paraoxonase specific activity (U mg−1)  1.88 ± 0.68 2.44 ± 0.83*
Paraoxonase/HDL-cholesterol  114 ± 39  107 ± 28
Paraoxonase/apolipoprotein A1   80 ± 21 73.7 ± 18
Arylesterase activity (U ml−1)   98 ± 24 89 ± 30
Oxidized LDL (U l−1) 137.4 ± 20.5 117.6 ± 18.3**
LDL-C/LDL-B  0.96 ± 0.05 1.05 ± 0.06*

Values are mean ± SD. **P < 0.001; *P < 0.05.

Table 2
Antioxidant and oxidative parameters of 
the study population

Figure 1
The individual responses to the ciprofibrate 

treatment according to PON1 phenotype
PON1 phenotype AA PON1 phenotype AB + BB
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[31]. Fu et al. reported that ciprofibrate decreased
hepatic apoB mRNA editing and altered the pattern of
hepatic lipoprotein secretion towards VLDL in LDL
receptor-deficient mice [32]. We found a nonsignificant
reduction in the cholesterol concentration and the apoB
concentration was decreased by 8.3%. A previous study
claimed a more significant reduction in cholesterol
(13.2%) and apoB concentration (18.6%) and described
the HDL-C concentration as increased by 20.8% [31].
Guerin et al. found that ciprofibrate 100 mg day−1

induced a decrease in LDL-C (17%) and apoB100
(25%) and an elevation in plasma total HDL-C (13%)
and HDL-3 (22%) in patients with type IIb hyperlipi-
daemia [33]. In our study, the HDL-C (26%) and apoAI
(30%) were significantly increased after 100 mg day−1

ciprofibrate therapy (P < 0.001). A reduction in HDL-C
concentration can be detected in the metabolic syn-
drome. This can be explained in part by increased HDL
catabolism and in part by decreased formation. The
effect of ciprofibrate in increasing HDL-C is manifested
via the peroxisoma proliferator-activated receptor alpha
(PPARα) receptor, which results in increased lipopro-
tein lipase activity and apoAI formation. PPARα is
expressed mainly in hepatocytes and directly regulates
genes involved in fatty acid uptake and ω-oxidation and
has also been shown to downregulate apolipoprotein
CIII, which inhibits triglyceride hydrolysis by lipopro-
tein lipase [34]. Antioxidant effect plays an important
role in the antiatherogenetic action of HDL. PON1 has
the strongest antioxidant effect among the HDL-
associated enzymes. Previous studies have demon-
strated the reduced PON1 activity in patients with
diabetes mellitus, so it could be responsible for
increased oxidation of LDL and atherogenesis [24, 35].
Previously, Sentí et al. found reduced serum PON1
activity and lipid peroxide concentrations in patients
with metabolic syndrome compared with unaffected
subjects. They could exclude the influence of the PON1-
192 polymorphism [22]. The effect of fibrates on PON1
activity is ambiguous. Durrington et al. have reported
that 8 weeks’ bezafibrate and gemfibrozil therapy did
not influence the activity of paraoxonase in type IIb
hyperlipidaemic patients [36]. Tsimihodimos et al.
proved that 3 months of micronized fenofibrate admin-
istration did not affect serum PON1 and arylestherase
activity in type IIa, IIb and IV dyslipidaemic patients
[37]. Turay et al. have investigated the effect of
ciprofibrate on PON1 activity in patients with familial
combined hyperlipoproteinaemia. They found a nonsig-
nificant decrease in PON1 activity [38]. Previously, we
found that, following a 3-month treatment period, gem-
fibrozil was able to increase the activity of paraoxonase

in patients with hypertriglyceridaemia [19]. Three
months’ gemfibrozil treatment was found to be effective
on PON1 activity in Type 2 diabetic patients with asso-
ciated hypertriglyceridaemia [39]. Gouédard et al.
proved in an in vitro study that fenofibrate resulted in
an increase of PON1 activity and mRNA concentrations
in Hu H7 human hepatoma cell culture and slightly
increased the promoter activity [40]. In this study the
PON1 concentration did not change, but PON1-specific
activity rose significantly after ciprofibrate treatment.
Ciprofibrate administration to patients caused an
increase of 26% in HDL-C concentrations and 30% in
apoAI concentrations and contributed to the significant
increase of paraoxonase activity. Arylesterase activity,
which shows principally the mass of the enzyme,
changed nonsignificantly after ciprofibrate therapy.
Similarly, serum paraoxonase concentration did not
changed significantly. We examined the standardized
PON1 activity of HDL and apoAI (PON1/HDL, PON1/
apoAI), which were not significantly changed following
treatment, showing that the increase in enzyme activity
was probably due to the lipoprotein particle modifica-
tion. We found that ciprofibrate exerts a favourable
PON1 activity similar to micronized fenofibrate and
gemfibrozil [18]. Although several genes involved in the
lipid metabolism and influenced by fibrates are PPARα
target genes, Gouédard et al. have proved that, in the
case of the PON1 gene, other mechanisms, such as LXR
pathway, seem to be involved [40].

Most of the patients possessed the low-activity AA
phenotype, which is unfavourable clinically with regard
to atherogenesis. Data on phenotype distribution of the
present study are unfavourable compared with our pre-
vious observations in Hungarian populations [39].

Mackness et al. have demonstrated that PON1 inhib-
its the Cu2+-induced LDL oxidation in vitro [8]. We
examined whether the increased antioxidant effect could
exert an influence on the concentration of oxLDL in
vivo. We found that oxLDL was significantly decreased
after ciprofibrate treatment. Navab et al. have reported
that PON1 removes oxidized phospholipids in LDL and
prevents oxLDL-induced effects in endothelial cells
[41]. Increased HDL-C was shown to have a negative
correlation with ischaemic heart disease, considerably
inhibiting the formation of oxLDL and progression of
atherosclerosis by the increased antioxidant effect [35].
The insulin resistance syndrome is associated with
increased VLDL concentration and elevated triglyceride
transfer into LDL, leading to the enhanced hydrolysis
of LDL triglyceride content and resulting in a smaller,
denser, lipid-depleted LDL particle with enhanced sus-
ceptibility to oxidation [42]. Previously, Guerin et al.
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proved that ciprofibrate treatment could qualitatively
normalize the dense LDL profile by specifically reduc-
ing plasma concentrations of dense LDL subfractions in
subjects with type IIb hyperlipidaemia. Our findings are
consistent with the above-mentioned observations [43].
We found that, before treatment, the estimated ratio of
LDL-C/LDLB, which reflects the size of LDL, was <1.2.
This means a preponderance of small dense particles.
After ciprofibrate treatment, this ratio increased signifi-
cantly, reflecting a reduction in the number small, dense
particles. In parallel, the specific activity of HDL-bound
antioxidant PON1 increased. Together, they may result
in a decrease in oxLDL concentrations.

In conclusion, the results of this study demonstrate
that ciprofibrate, with its favourable effect on HDL
remodelling, apoA1, triglyceride and PON1 antioxida-
tive properties, could favourably influence the high risk
for cardiovascular events. Some limitations of the study
must be recognized. The lack of a control group is
probably a weak point, although several relevant data
can be obtain from this self-control designed study.
Beside the measurement of PON1 activity and concen-
tration, genotyping of the two most common PON1
polymorhisms would have additional importance. How-
ever, the phenotype distribution can be estimated by use
of the dual substrate method.

Data of the present study demonstrate that ciprofi-
brate therapy in the usual dosage may not suffice to
reduce effectively all the lipid components, and a com-
bination statin/fibrate therapy would be necessary to
control all lipid abnormalities.

This study was supported by a grant from Health Scien-
tific Council, Hungary (ETT 503/2003).
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