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Abstract

Background: Hypercholesterolemia is a serious problem cause biohazards for human health and 
endothelial dysfunction.
Objective: The current study was conducted to test effects of hyperlipidemia alone or in 
combination with bezafibrate at various doses. Total cholesterol, triacylglecerol, high density 
lipoprotein (HDL), low density lipoprotein (LDL), apolipoprotein B, endothelin-1, histamine, 
nitric oxide (NO), IL-6, creatinine and alanine amino transferase (ALT) were assayed
Methodology:  Rats were randomly divided into four groups (10rats each). The first group fed 
a normal diet and represents the control group. The second group fed normal diet enriched with 
1% cholesterol and 5% coconut oil (cholesterol–fed group). The third group fed on normal diet 
and bezafibrate at a dose of 100 mg/kg/day. The fourth group is cholesterol fed and subdivided 
into A, B, C and supplemented with bezafibrate at various concentration 50, 100, 200 
mg/kg/day respectively. Feeding was continued daily for 6 weeks after incidence of 
hypercholesterolemia.
Results: The current study revealed that total cholesterol, triacylglycerols, apolipoprotein B, 
and LDL concentration were significantly elevated in the cholesterol–fed rats compared to 
control alone and control plus bezafibrate. In addition, plasma endothelin-1, histamine and IL-6
concentration were significantly elevated in the cholesterol–fed rats compared to bezafibrate 
and control group rats. Bezafibrate administration to rats fed high cholesterol diet normalized 
significantly the changes in all parameters except NO levels compared to hyperlipidemic group. 
Meanwhile, the plasma nitric oxide in all groups was not significantly different from those of 
control. However, plasma HDL concentration in the cholesterol fed rats was significantly 
lowered compared to bezafibrate treated rats.
Conclusion: Bezafibrate may acts as a mixed blessing drug to normalize lipid profiles and 
endothelial dysfunction during hyperlipidemia.

© 2013 GESDAV

INTRODUCTION

The problem of hypercholesterolemia is being of much 
interest because an elevated concentration of 
lipoproteins can develop chest pain, heart attack, and 
accelerate the development of atherosclerosis with its 
dual sequel of thrombosis and infraction [1]. Moreover, 
hyperlipidemia, particularly hypercholesterolemia is a 
major cause of atherosclerosis and atherosclerosis 
associated conditions including coronary heart disease, 
ischemic cerebrovascular disease and peripheral 
vascular disease [2]. In general, monotherapy with a 

pharmacologic agent should be attempted first, together 
with dietary adjustments. Combination treatment may 
be required for refractory severe hypertriglyceridemia, 
but should be attempted only with caution and frequent 
monitoring of serum concentrations of creatine kinase, 
transaminases and creatinine [3]. 
Hypercholesterolemia, defined as excessively high 
plasma cholesterol levels, has emerged as a strong risk 
factor for cardiovascular disease (CVD). As high total 
cholesterol levels are considered to be a major 
independent risk factor for development of coronary 
artery disease, considerable attention has been directed 
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toward evaluating the impact and mechanisms of 
cholesterol lowering therapies and interventions for 
cardiovascular outcomes [4-5].

As known, Fibric acid derivatives such as bezafibrate 
are the mainstay in hypertriglyceridemia treatment [6]. 
These fibrates can reduce plasma triglyceride levels by 
up to 50% and raise plasma HDL-C concentrations as 
much as 20% [7]. The complex mechanism of action of 
fibrates includes modulation of the activity of 
peroxisome proliferator–activated receptor- in the 
liver, with reduced hepatic secretion of VLDL and 
increased lipolysis of plasma triglycerides [7]. Fibrates 
reduce the quantity of small, dense LDL particles and 
increase HDL-C [8]. So, it is better to treat 
hyperlipidemia with safe and less side effect drugs. 
Bezafibrate is widely used as anti-hyperlipidemic drug 
in human therapy. Based on these facts our study was 
designed to evaluate the hypolipidemic effect of 
bezafibrate at various doses on endothelium derived 
substances and hyperlipidemia related changes as total 
cholesterol, triacylglecerol, high density lipoprotein-
cholesterol (HDL-C), low density lipoprotein-
cholesterol (LDL-C), apolipoprotein B , endothelin -1 , 
histamine, nitric oxide (NO), interleukin-6 (IL-6), 
creatinine and alanine amino transferase (ALT).

MATERIALS AND METHODS

Animals and chemicals

Male white albino rats, 6 weeks age and weighting (140 
– 150g) were used in the experiment. Rats were housed 
in separate metal cage with free access to water. Rats 
were kept under constant and nutritional environmental 
condition throughout the experiment. Rats were left for 
a week before beginning of experiment for 
acclimatization. Cholesterol and coconut oil were 
purchased from El-Goumhouria Co. for Trading 
Chemicals, Egypt. Hyperlipidemia induced by 
continuous supplementation of high fat (coconut oil 2% 
wt/wt) and high cholesterol (1% wt/wt) diet. 
Bezafibrate was obtained from EIPICO Pharmaceutical 
Co., Egypt. Bezafibrate was dissolved in 20% ethanol 
to be used at doses 50, 100 and 100 mg/kg.bw/day 
orally. All measured kits were purchased from Sigma 
Aldrich Co. USA.

Experimental design and sampling

Rats were divided into 3 groups (10 per each). Group 1 
was fed on normal diet and served as control group. 
Group 2 was fed on high fat diet for 14 weeks. Group 3 
was fed on normal diet and bezafibrate at a dose of 100 
mg/kg/day. Another 4th group (30 rats) were 
hyperlipidemic and were subdivided into 3 groups (10 
rats each). Group 3A is hyperlipidemic and bezafibrate 
50 (fed high fat diet plus bezafibrate at a dose 50

mg/kg/day). Group3B is hyperlipidemic and
bezafibrate 100 (fed high fat diet plus bezafibrate at a 
dose 100 mg/kg/day). Group3C is hyperlipidemic and
bezafibrate 200 (fed high fat diet plus bezafibrate at a 
dose 200 mg/kg/day). At the end of experimental 
procedures heparinized blood samples were collected 
from animals after 14 weeks (time of 
hypercholesterolemia) and at 2, 4 and 6 weeks from the 
beginning of bezafibrate administration. The samples 
were collected in the morning after overnight fasting. 
Plasma was separated by centrifugation at 3000 r.p.m 
for 10 minutes. The clear obtained plasma was kept in 
deep freezer at -20 °C until assayed.

Biochemical Assays

Kits for total cholesterol, triacylglecerol (TG), high-
density lipoprotein-cholesterol (HDL-C), low-density 
lipoprotein-cholesterol (LDL-C), apolipoprotein B, 
endothelin-1, histamine, nitric oxide (NO), IL-6, 
creatinine and ALT were assayed 
spectrophotmetrically. 

Statistical analysis

Statistical analysis was done using SPSS software 
version 15. The inter-group variation was measured by 
one way analysis of variance (ANOVA) followed by 
Post Hoc LSD test. Results were expressed as means ± 
SEM. The mean difference is significant at the P<0.05 
level.

RESULTS

Effect of high cholesterol diet on lipid profiles in rats

The results in table 1, 2 and 3 revealed that rats fed 
hyperlipidemic diet showed significant increase in 
plasma lipid profiles as total cholesterol, triglyceride, 
LDL and apolipoprotein B (APOB), and significant 
decrease in HDL compared with control group at 2, 4, 
and 6 weeks after feeding. Moreover, no significant 
difference between control fed rats and control fed rats 
plus bezafibrate (100 mg/kg.bw) was observed.

Effect of bezafibrate on hyperlipidemic fed rats

To examine the effect of bezafibrate on changes 
induced by feeding rats high cholesterol diet, 
bezafibrate was given in 3 different doses 50, 100 and 
200 mg/kg.bw/day. As seen in table 1, 2 and 3, 
bezafibrate administration significantly decreased 
plasma levels of total cholesterol, triglycerides, LDL 
and apolipoprotein B with significant increase in high 
density lipoprotein after 2, 4 and 6 weeks compared to 
hyperlipidemic non treated group.

Effect of bezafibrate on endothelial derived 
substances in hyperlipidemic rats.

As seen in table 1, 2 and 3, hyperlipidemic diet showed 
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a significant decrease of nitric oxide (NO) and a 
significant increase endothelin-1 when compared with 
control group. Bezafibrate administration caused 
significant decrease in endothelin-1after 2, 4 and 6 
weeks of administration, and partial normalization in 
nitric oxide concentration after when compared to 
hyperlipidemic non treated group.

Effect of bezafibrate on IL-6, histamine, alanine 
transaminases and creatinine in hyperlipidemic rats

Table 1, 2 and 3 revealed that rats fed on 
hyperlipidemic diet showed a significant increase in IL-
6, histamine, ALT and creatinine when compared to 
control group. Moreover, bezafibrate administration at 
different doses ( table 1, 2 and 3) induced, a significant 
normalization in IL-6, histamine, ALT and creatinine 
levels at 2, 4 and 6 weeks when compared to 
hyperlipidemic non treated  group in dose dependent 
manner.

Table 1. Effect of 2 weeks administration of bezafibrate on some biochemical blood parameters of hyperlipidemic rats 

Chol.
(mg/dl)

TG
(mg/dl)

HDL-C
(mg/dl)

LDL-C
.(mg/dl)

Apo(B)
(mg/dl)

NO
(nmol/l)

Endothelin-1
(ng/dl)

Histamine
(ng/dl)

IL-6
(pg/mL)

ALT
(IU/mL)

Creatinine
(mg/dl)

Control
147.8c

± 0.012
82.7a

± 0.002

40.1a

± 
0.0009

133.3,c

±  0.003
105.5 d

± 0.003
0.2 a

± 0.008
1.86 d

± 0.006
0.6 d

± 0.001
9.33 c

± 0.005
11.66 b

± 0.001
0.85 d

± 0.02

Hyperlipidemic
218.4a

± 0.006
198.5a

± 0.003

23.5d

23.5
± 0. 
009

207.4 a

±0.003
204.3 a

0.004±
0.17 a

0.008±
2.3 d

0.0001±
2.2 a

0.004
18.64 a

0.002±
20.00 a

0.005±
2.06 a

0.08±

Control + Beza100
150.7c

± 0.009
100.75.3a

± 0.002

35.2b

± 
0.0006

124.6 c

± 0.005
108.3 d

± 0.004
0.19 a

± 0.005
1.38 a

± 0.001
0.58 d

± 0.001
9.37 c

± 0.003
10.0 b

± 0.005
0.85 d

± 0.02

Hyperlipidemic + 
Beza 50 (mg/kg/day)

194.8b

± 0.005
182.4a

± 0.002

23.1d

± 
0.0008

155.2c

± 0.005
167.2 b

± 0.001
0.17 a

± 0.005
1.01 b

± 0.002
2.0 b

± 0.003
18.2 a

± 0.005
19.66 a

± 0.002
1.93 a

± 0.02

Hyperlipidemic + 
Beza 100 
(mg/kg/day)

196.2b

± 0.005
135.8a

± 0.003

26.1c

± 
0.0005

158.2 c,b

± 0.002
149.5 c

± 0.002
0.18 a

± 0.002
1.01 b

± 0.006
2.0 b

± 0.001
15.30 b,a

± 0.005
18.33 a

± 0.001
1.7 b

± 0.05

Hyperlipidemic + 
Beza 200 
(mg/kg/day)

182.4a;b

± 0.002
157.3a

± 0.002

33.1b

± 
0.0007

144 a,c

± 0.003
111 d

± 0.002
0.19 a

± 0.002
1.01 c

± 0.009
1.7 c

± 0.005
14.25 b

± 0.001
16.00 a

± 0.002
1.4 c

± 0.09

Data are presented as (mean ± S.E.). S.E = Standard error for 10 rats per each group. Mean values with different superscript letters 
in the same column are significantly different at (P<0.05).

Table 2. Effect of 4 weeks administration of bezafibrate on some biochemical blood parameters of hyperlipidemic rats 

Chol.
(mg/dl)

TG
(mg/dl)

HDL-C
.(mg/dl)

LDL-C
.(mg/dl)

Apo(B)
(mg/dl)

NO
(nmol/l)

Endothelin-1
(ng/dl)

Histamine
(ng/dl)

IL-6
(pg/mL)

ALT
(IU/ML)

Creatinine 
(mg/dl)

Control
152.4c

± 0.013
89.8a

± 0.003

43.3a

±SE 
0.001

133.2
d,c

± 0.002

102.2 c

± 0.001
0.2 a

± 0.006
1.3 d

± 0.006
0.6 e

± 0.02
9.85 d

± 0.003
11.6 d

± 0.001
0.85 d

± 0.02

Hyperlipidemic
246.8a

± 0.06
207.8a

± 0..005
19.8e

±0.006

21.6a

± 
0..006

207.4 a

± 0..004
0.17 d

± 0.009
2.9 a

± 0..008
2.3 a

± 0..07
20.61 a

± 0..002
25.66 b,a

± 0..001
2.27 a

± 0.006

Control +
Beza100

148c

±.07
71.3a

± 0.003
40.5b

± 0.0006
126.9 d

± 0.005
106.1 c

± 0.002

a 0.24
± 0.01

1.2 d

± 0.008
0.5 e

± 0.01
08.65 d

± 0.002
19.00 b,c

± 0.005
0.84 d

± 0.06

Hyperlipidemic + 
Beza 50
mg/kg/day

186.8b

± 0.005
168.2a

± 0.003
28.1d

± 0.001
153 b

± 0.007
139.5 b

± 0.003
0.18 d,c

± 0.004
1.0 b

± 0.003
2.0 b

± 0.01
15.3 b

± 0.005
20.00 c

± 0.001
1.8 b

± 0.06

Hyperlipidemic + 
Beza 100
mg/kg/day

183b

± 0.007
168.2a

± 0.003
30.2d

±  0.002

143.4
d,c

± 0.001

134.3 b

± 0.004
0.19 c

± 0.0008
1.8 c

± 0.001
1.6 c

± 0.07
12.25 b,c

± 0.001
17.66 b,c

± 0.001
1.5 c

± 0.009

Hyperlipidemic + 
Beza 200
mg/kg/day

167 c,b

± 0.003
137.5a

± 0.002
34.9c

±  0.0006

133.5
d,c

± 0.004

113.6 c

± 0.006
0.23 b

± 0.003
1.2 c

± 0.009`
1.5 d

± 0.01
11.96 c

± 0.006
15.33 a

± 0.008
1.3 c

± 0.09

Data are presented as (mean ± S.E.). S.E = Standard error for 10 rats per each group. Mean values with different superscript letters 
in the same column are significantly different at (P<0.05).
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Table 3. Effect of 6 weeks administration of bezafibrate on some biochemical blood parameters of hyperlipidemic rats

Chol.
(mg/dl)

TG
(mg/dl)

HDL-C
.(mg/dl)

LDL-C
.(mg/dl)

Apo(B)
(mg/dl)

NO
(nmol/l)

Endothelin-1
(ng/dl)

Histam
ine

(ng/dl)

IL-6
((pg/mL)

ALT
(IU/ML)

Creat
.(mg/dl)

Control
145 d,c

± 0.01
84.7d

± 0.003
41.3a

0.0005
127.3 c

± 0.003
101.1d

± 0.0005
0.2 b

± 0.006
1.4 a

± 0.004
0.6 e

± 0.02
9.85 c,d

± 0.3
11.66 c

± 0.001
0.85 e

± 0.02

Hyperlipidemic
260.8a

± 0.008
230.3a

± 0.006
18.2a

± 0.0007
224.8 a

± 0.006
209.2a

± 0.005
0.14 c

± 0.004
2.2 c

± 0.003
2.4 a

± 0.09
22.34 a

± 0.17
25.66 b

± 0.001
2.27 a

± 0.001

Control + Beza100
124d

± 0.005
65.7e

± 0.002
42.3a

± 0.0007
125.9 c

± 0.003
105.1c

± 0.004
0.24 a

± 0.01
.2.0 c

± 0.001
0.6 e

± 0.01
8.7 d

± 0.24
13.66 c

± 0.008
0.846 e

± 0.02

Hyperlipidemic + 
Beza 50 mg/kg/day

173.8b

± 0.006
155.3b

±0.003
33.2a

± 0.0009
143.4 b

± 0.001
136.3b

± 0.0006
0.19 b

± 0.005
1.4a

± 0.01
1.5 b

± 0.04
14.25 b

± 0.11
16.66 b

± 0.001
1.4 b

± 0.09

Hyperlipidemic + 
Beza 100 mg/kg/day

161.6 c,b

± 0.005
148.1b

±.002
35.6a

± 0.001
133.5 c,b

± 0.004
128.6c

± 0.006
0.2 b

± 0.0008
1.6 c,b

± 0.002
1.3 c

± 0.01
11.96 b,c

± 0.06
13.33 a

± 0.008
1.23 c

± 0.003

Hyperlipidemic + 
Beza 200 mg/kg/day

142.4 d,c

± 0.004
127c

± 0.003
37.9a

±  0.007
124.6 c

± 0.005
115.3d

± 0.005
0.23

± 0.004
1. 2 c

± 0.001
1.1 d

± 0.02
10.13 c,d

± 0.013
11.33 c

± 0.008
1. 1d

± 0.008

Data are presented as (mean ± S.E.). S.E = Standard error for 10 rats per each group. Mean values with different superscript letters 
in the same column are significantly different at (P<0.05).

DISCUSSION

The findings of the present study showed that 
hypercholesterolemia induced alteration in lipid 
profiles (VLDL, LDL and TG). Many reviews like that 
of Selvin and Erlinger [5], Ros [7] and Huijgen [9] 
discussed the dangerous effects of 
hypercholesterolemia on cardiovascular system but no 
direction for the treatment. Unlike our study, we 
focused on the problem and gave attention for the 
treatment through the usage of bezafibrate at various 
doses. Saturated fats mostly increase the concentration 
of cholesterol, LDL, and to a less extent VLDL levels. 
The increase in LDL levels produced by saturated fats 
seems to be related mainly to the decrease in catabolic 
rate. Moreover, Csont [1] demonstrated that elevated 
levels of LDL, appearing in the circulation upon 
feeding the hyperlipidemic diet, is mainly derived from 
LDL is up taken by the receptor in liver and extra 
hepatic tissue. The production of LDL exceeds the 
capacity of LDL receptors i.e. efflux of cholesterol 
from the liver is more than influx [1]. This could be 
explaining the elevated serum LDL levels observed in 
our study. The lipid-lowering effects of bezafibrate and 
reduction of the risk of cardiovascular events in 
dyslipidemic patients with coronary artery disease is 
the target of many physicians.  The molecular 
mechanism underlying the triglyceride-reducing effect 
of bezafibrate is due to in part to the induction of 
lipoprotein lipase activity mediated by the activation of 
peroxisome proliferators-activated receptor α (PPAR-α) 
[10]. Furthermore, Pennacchio et al., [12], 
demonstrated that, the activation of PPAR-� by 
bezafibrate induces lipoprotein lipase in the liver, 
which plays a key role in triglyceride-rich lipoprotein 
catabolism. It also affects the binding and clearance in 
liver of remnant lipoprotein particles by LDL-related 
receptors. The fibrate-induced increased lipoprotein 
catabolism may also be related to a PPAR mediated 

lower hepatic Apo CIII synthesis [11]. It is well known 
that Apo CIII delays the catabolism of triglyceride rich 
lipoproteins, since it inhibits their binding to the 
endothelial surface and lipolysis by lipoprotein lipase 
and interferes with Apo E-mediated receptor clearance 
of remnant particles from plasma [12]. Finally, a new 
additional mechanism contributing to the fibrate-
induced reduction in triglyceride rich-lipoproteins was 
also proposed is a recently discovered lipoprotein that 
influences plasma triglyceride levels [13]. Moreover,
Fruchart et al [14] demonstrated that fibrates increase 
HDL-C may be related to accelerate triglyceride-rich 
lipoprotein catabolism leading to an increase in pre-
HDL, which is the key acceptor of cholesterol for 
peripheral cells during reverse cholesterol transport.

The importance of the endothelium in vessel reactivity 
and subsequent abnormalities of arterial responses has 
fostered the use of the term “endothelial dysfunction”. 
Importantly, endothelial dysfunction includes 
alterations in any of the functional roles. The 
endothelium plays role in maintenance of normal tone, 
limiting thrombosis, and protecting against leukocyte 
adhesion [15]. Reactivity of the arterial wall is 
controlled in part by biomechanical inputs through 
blood flow and blood pressure. Endothelin-1 (ET-1) 
promotes blood vessel constriction, as evident with the 
decrease in blood flow after endothelial ET-1 release 
[16]. ET-1 also induces smooth muscle cells 
proliferation. These ET-1 responses are countered by 
endothelial release of nitric oxide (NO), which 
stimulates vasodilatation, thus increasing blood flow 
[17-18]. Endothelial nitric oxide synthase (eNOS) is the 
key enzymatic step in producing NO, a secondary 
messenger produced by EC that can inhibit NF-κB 
activation and attenuate endothelial inflammatory 
responses, including adhesion molecule expression. 
The increase in ET-1 production and decrees in NO 
production, results in vasoconstriction, abnormal 
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vasomotor responses and promotion of atherosclerosis
[19].

The results of this study are parallel with that of Stokes 
et al., [20] where hypercholesterolemia leads to an 
inflammatory response within the microvasculature that 
reflected by endothelial cell activation, leukocyte 
recruitment, rolling and adherence, as well as platelet 
activation and adhesion. Moreover, monocyte chemo 
tactic protein-1 (MCP-1), IL-6 and histamine are 
important in hypercholesterolemic patients, acting to 
increase monocyte recruitment and adherence which 
leads to wall remodeling. Also, Stapleton et al. stated 
that macrophages derived from monocytes, begin to 
accumulate LDL and oxidized LDL (ox-LDL) which 
develop into foam cells between the basal lamina of the 
endothelium and the smooth muscle layer [21]. These 
foam cells lead to the production of numerous 
inflammatory and oxidative stress markers, cytokines, 
chemokines, and growth factors which aggravate the 
balance of endothelial equilibrium leading to vascular 
dysfunction. The increase in IL-6 and histamine is 
interesting point as Gervois and his colleagues [22] 
reported that bezafibrate reduced IL-6 and histamine 
possibly through the activation of the peroxisome 
proliferator-activated receptor (PPAR)-α with a 
consequent reduction of NF-κB activation. These 
discrepancies may be due to the differences in 
inflammatory status at baseline, duration of the study 
period, or the lack of control group reported in their 
study. The hyperlipidemic diet induced a significant 
increase ALT activity and creatinine compared with 
control group. Those findings may be attributed to the 
increase in LDL levels which is regulated by LDL 
receptors [23]. The elevation of aminotransferases 
levels has been frequently observed after the 
administration of bezafibrate and this phenomenon is 
considered to be non-pathological because bezafibrate 
activates the gene expression of the aminotransferases. 
Recently, fibrate has been used not only for 
hypercholesterolemia but also for primary biliary 
cirrhosis [24-25]. In conclusion, these results indicate 
that bezafibrate normalized the biochemical changes 
induced during hyperlipidemia and its accompanied 
endothelial dysfunction in rats and suggested that other 
studies are needed in order to directly translate 
bezafibrate effects in humans.

REFERENCES

1. Csont T, Balogh G, Csonka C, Boros I, Horva´ I, Vigh L, 
Ferdinandy P. Hyperlipidemia Induced by High 
Cholesterol Diet Inhibits Heat Shock Response in Rat 
Hearts. Biochem Biophys Res Communications. 
2002;290:1535-8.

2. Hardman JG, Limbird LE, Goodman Gilman. The 
pharmacological basis of therapeutics, 10th Ed. MeGraw-

Hill publishers, USA. 2012.

3. Poirier P, Bell ML, Stauffer BL, Weil KM, Hernandez 
TL, Eckel RH. Short-term triglyceride lowering with 
fibrate improves vasodilator function in subjects with 
hypertriglyceridemia. Arterioscler Thromb Vasc Biol.
2003;23:307-13. 

4. Jiang F, Gibson AP, Dusting GJ. Endothelial dysfunction 
induced by oxidized low-density lipoproteins in isolated 
mouse aorta: a comparison with apolipoprotein-E 
deficient mice. Eur J Pharmacol. 2001;424:141-9. 

5. Selvin E, Erlinger TP. Prevalence of and risk factors for 
peripheral arterial disease in the United States: results 
from the National Health and Nutrition Examination 
Survey, 1999-2000. Circulation. 2004;110(6):738-43.

6. Ruotolo G, Ericsson CG, Tettamanti C. Treatment effects 
on serum lipoprotein lipids, apolipoproteins and low 
density lipoprotein particle size and relationships of 
lipoprotein variables to progression of coronary artery 
disease in the Bezafibrate Coronary Atherosclerosis 
Intervention Trial (BECAIT). J Am Coll Cardiol.
1998;32(6):1648-56.

7. Ros E. Intestinal absorption of triglyceride and 
cholesterol. Dietary and pharmacological inhibition to 
reduce cardiovascular risk. Atherosclerosis.
2000;151(2):357-79. 

8. Tenenbaum A, Fisman EZ, Boyko V, Benderly M, Tanne 
D, Haim M, Matas Z, Motro M, Behar S. Attenuation of 
progression of insulin resistance in patients with coronary 
artery disease by bezafibrate. Arch Intern Med. 
2006;166(7):737-41.

9. Huijgen R, Vissers MN, Defesche JC, Lansberg PJ, 
Kastelein JJ, Hutten BA. Familial hypercholesterolemia: 
current treatment and advances in management. Expert 
Rev Cardiovasc Ther. 2008;6:567-81.

10. Schoonjans K, Staels B, Auwerx J. Role of the 
peroxisome proliferator-activated receptor (PPAR) in 
mediating the effects of fibrates and fatty acids on gene 
expression. J Lipid Res. 1996;37(5):907-25.

11. Hirano T, Kazumi T, Yoshino G. Long-term efficacy of 
bezafbrate in reduction of small, dense low-density 
lipoprotein by hypotriglyceridemic action. Curr Ther Res 
Clin Exp. 2000;61.

12. Pennacchio LA, Olivier M, Hubacek JA, Cohen JC, Cox 
DR, Fruchart JC. An apolipoprotein influencing 
triglycerides in humans and mice revealed by 
comparative sequencing. Science. 2001;294:169-73.

13. Vu-Dac N, Gervois P, Jakel H, Nowak M, Bauge E, 
Dehondt H. Apolipoprotein A5, a crucial determinant of 
plasma triglyceride levels, is highly responsive to 
peroxisome proliferator-activated receptor alpha 
activators. J Biol Chem. 2003;278:17982-5.

14. Fruchart JC. Peroxisome proliferator-activated receptor-
alpha activation and high-density lipoprotein metabolism.
Am J Cardiol. 2001;88(12A):24N-29N.

15. Verma S, Buchanan MR, Anderson TJ. Endothelial 

69



Journal of Investigational Biochemistry. 2013; 2(1):65-70

function testing as a biomarker of vascular disease. 
Circulation. 2003;108(17):2054-9.

16. Martin-Nizard F, Furman C, Delerive P, Kandoussi A, 
Fruchart JC, Staels B, Duriez P. Peroxisome proliferator-
activated receptor activators inhibit oxidized low-density 
lipoprotein-induced endothelin-1 secretion in endothelial 
cells. J Cardiovasc Pharmacol. 2002;40:822-31.

17. Goya K, Sumitani S, Xu X, Kitamura T, Yamamoto H, 
Kurebayashi S, Saito H, Kouhara H, Kasayama S, 
Kawase I. Peroxisome proliferator-activated receptor 
alpha agonists increase nitric oxide synthase expression in 
vascular endothelial cells. Arterioscler Thromb Vasc 
Biol. 2004;24:658-63.

18. Omura M, Kobayashi S, Mizukami Y, Mogami K, 
Todoroki-Ikeda N, Miyake T, Matsuzak M. 
Eicosapentaenoic acid (EPA) induces Ca (2+)-
independent activation and translocation of endothelial 
nitric oxide synthase and endothelium-dependent 
vasorelaxation. FEBS Lett. 2001;487:361-6.

19. Delerive P, Martin-Nizard F, Chinetti G, Trottein F, 
Fruchart JC, Najib J, Duriez P, Staels B. Peroxisome 
proliferator-activated receptor activators inhibit thrombin-
induced endothelin-1 production in human vascular 
endothelial cells by inhibiting the activator protein-1 
signaling pathway. Circ Res. 1999;85:394-402.

20. Stokes KY, Calahan L, Russell JM, Gurwara S, Granger 
DN. Role of platelets in hypercholesterolemia-induced 

leukocyte recruitment and arteriolar dysfunction. 
Microcirculation. 2006;13:377-88.

21. Stapleton PA, Goodwill AG, James ME, D’Audiffret AC,
Frisbee JC. Differential impact of familial 
hypercholesterolemia and combined hyperlipidemia on 
vascular wall and network remodeling in mice. 
Microcirculation. 2010;17:47-58.

22. Gervois P, Kleemann R, Pilon A, Percevault F, Koenig 
W, Staels B. Global suppression of IL6-induced acute 
phase response gene expression after chronic in vivo 
treatment with the peroxisome proliferator-activated 
receptor-α activator fenofibrate. J Biol Chem.
2004;279(16):6154-60.

23. Dohmen K, Mizuta T, Nakamuta M, Shimohashi N, 
Ishibashi H, Yamamoto K. Fenofibrate for patients with 
asymptomatic primary biliary cirrhosis. World J 
Gastroenterol. 2004;10(6):894-8.

24. Tsimihodimos V, Kakafika A, Elisaf M. Fibrate treatment 
can increase serum creatinine levels. Nephrol Dial 
Transplant. 2001;16(6):1301.

25. Brisson D, Ledoux K, Bosse Y, St-Pierre J, Julien, P, 
Perron P. Effect of apolipoprotein E, peroxisome 
proliferator-activated receptor alpha and lipoprotein 
lipase gene mutations on the ability of fibrate to improve 
lipid profiles and reach clinical guideline targets among 
hypertriglyceridemic patients. Pharmacogenetics.
2002;12:313-20.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits 
unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.

70


