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ABSTRACT
Purpose: Fenofibrate is one of the most important drugs for the management of dyslipidemia and α-lipoic acid has a
potent antioxidant effect. The present study aimed to investigate the effect of fenofibrate in combination with α-Lipoic
acid on the prevention of hypertriglyceridemia and oxidative stress in high fat diet fed rats. Methods: Male SpragueDawley rats were divided into five groups (n= 8 in each group): normal control group (NC) to receive a standard chow
and four high-fat diet-fed groups to receive a high-fat emulsion diet alone (HFD), in combination with 100 mg/kg
fenofibrate (Fen), in combination with 60 mg/kg α-Lipoic acid group (Lip) and in combination with 50 mg/kg
fenofibrate and 30 mg/kg α-lipoic acid (Fen+Lip). Hypertriglyceridemia and oxidative stress was induced by oral
gavage of high-fat emulsion diet after six weeks. Rats were simultaneously treated with fenofibrate alone and in
combination with α-lipoic acid. Results: Fenofibrate treatment without α-lipoic acid improved hypertriglyceridemia. It
increased the plasma level of alanine aminotransferase (ALT) without effect on hepatic content of Malondialdehyde
(MDA). Fenofibrate in combination with α-lipoic acid also improved hypertriglyceridemia but did not increase the
plasma level of ALT. It potently reduced hepatic content of triglyceride and MDA. Conclusion: Our results suggest
that fenofibrate in combination with α-lipoic acid showed higher protect effect on hypertriglyceridemia and oxidative
stress compared to the fenofibrate alone. Furthermore α-lipoic acid could reduce toxic or side effects of fenofibrate.
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INTRODUCTION
A high-fat diet (HFD) adversely affects the health of
humans and animal species. Excess energy intake and
abnormal lipid metabolism are main causes of
hypertriglyceridemia. [1] Hypertriglyceridemia is a
feature in subjects with obesity, the metabolic syndrome
or type 2 diabetes mellitus. It is a risk factor for the
development of cardiovascular disease (CVD). [2]
Regulating the synthesis and reabsorption of lipids by fat-

lowering agents may be useful pharmacological
interventions to improve dyslipidaemia. [3]
A high-fat diet and accumulation of lipids in the
hepatocyte increase microsomal pathways of fat oxidation
and trigger production of inﬂammatory cytokines. [4]
High levels of fat increase oxidative stress and decrease
antioxidative
enzyme
activity.
Antioxidant
supplementation has beneﬁcial effects in improvement of
hypertriglyceridemia. [1]
Peroxisome proliferator-activated receptors (PPARs) are
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ligand-activated transcription factors and play a major
role in metabolism. Between the three well-known groups
of these receptors, PPARα type is expressed more in
tissues dealing with fat catabolism, such as liver and
adipose tissue. Fibrates are used in the treatment of
dyslipidemia and fenofibrate can bind to PPARα
receptors. Fenofibrate improves dyslipidemia and reduces
risk of cardiovascular disease. Although fenofibrate is
considered safe in humans, it can cause oxidative stress
and lipid peroxidation in rodents. [5]
α-lipoic acid is a natural compound and acts as a cofactor
for mitochondrial enzymes. α-lipoic acid has a potent
antioxidant effect, can interact with other antioxidants,
and regenerate them. For this reason, it is called an
antioxidant of the antioxidants. [6] α-lipoic acid is used in
a number of diseases relating to oxidative stress and liver
disease. Furthermore α-lipoic acid is a weak PPARα
agonist. Thus, it seems to be useful in improvment the
symptoms of metabolic syndrome. [7]
Hence, this study aimed to test and compare the efficacy
of fenofibrate alone and in combination with α-lipoic acid
on hypertriglyceridemia and oxidative stress in high fat
diet fed rats.
MATERIALS AND METHODS
Animals and diets
Forty male Sprague-Dawley rats were kept in plastic
cages at temperature of 22-24 ° C under a 12 - h light
/dark cycle. They were allowed free access to standard
rodent chow and water. Animals were kept at laboratory
for one week. After adaptatation, they were weighed and
divided into the following five groups (n= 8 in each
group): normal control group (NC) to receive a standard
chow and four high-fat diet-fed groups to receive a highfat emulsion diet alone (HFD), in combination with 100
mg/kg fenofibrate (Fen), in combination with 60 mg/kg αLipoic acid group (Lip) and in combination with 50
mg/kg fenofibrate and 30 mg/kg α-lipoic acid (Fen+Lip).
Hypertriglyceridemia and oxidative stress was induced by
high-fat emulsion diet (HFD) as previously described. [8]
HFD was prepared based on 77% of its energy from fat,
14% from total milk powder and 9% from carbohydrate.
In this emulsion, fat was provided by corn oil (shown in
Table 1). HFD was administered to the rats once a day via
oral gavage for six weeks. . For the determination of
effective dosage of fenofibrate and α-Lipoic acid,
previous studies were considered. [9-11] Rats in the drugadministered groups were treated by oral gavage with a
solution of propylene glycol [10], containing the drug at
the indicated concentration, once a day for six weeks
simultaneous the induction of hypertriglyceridemia. Rats
in the non-drug-administered groups received propylene
glycol without drug, according to the same time schedule.
The experimental protocol was performed in accordance
ISSN (Online) 2249-6084 (Print) 2250-1029

with the international guidelines established in the Guide
for the Care and Use of Laboratory Animals (Institute of
Laboratory Animal Resources, 1996) and further
approved by the Ethics Committee of the Science and
Research Branch, Azad University, Tehran.
Evaluation of animal and organ weights
At the end of the six weeks of the diet, the animals were
weighed and anesthetized by diethyl ether in inhalation
way. Liver was immediately removed with caution,
washed by normal saline and weighed. A part of the liver
tissue was placed in 10% formalin buffer solution for
histological evaluations. Other part of the liver tissue was
homogenized in a 50 mM phosphate buffer solution (pH
= 7) and kept at - 80 ° C until the test time. The
retroperitoneal adipose tissue was quickly isolated for the
determination of gene expression. It was submerged in
nitrogen and immediately stored at - 80 ° C until analysis.
Serum analysis
At the end of the six weeks and 14 hours after fasting,
Blood sampling was performed using a 5-cc syringe from
the heart ventricle. Blood samples were placed at room
temperature and then serum separated by centrifuge and
kept at a temperature of - 20 ° C until analysis. Serum
fasting glucose, triglyceride (TG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), lowdensity lipoprotein cholesterol (LDL-C), alanine
minotransferase (ALT), aspartate aminotransferase (AST)
were determined by enzymatic method using individual
commercial kits (Zist Chimi Chemical Company, Tehran,
Iran). Serum adiponectin, tumor necrosis factor α (TNFα)
insulin level (CUSABIO Diagnostic, Japan) were
quantified with ELISA kits. The insulin resistance index
was evaluated by the homeostasis model assessment of
insulin resistance (HOMA-IR). [12]
HOMA-IR = fasting serum Insulin (µU/ml) × fasting
plasma glucose (mmol/l) / 22.5
Hepatic lipid quantitation and lipid peroxidation
The hepatic activity of superoxide dismutase (SOD) was
evaluated by measuring the percentage inhibition of the
pyrogallol auto oxidation by SOD according to the
method Marklund & Marklundand. [9] Hepatic
malondialdehyde (MDA) was measured to evaluate the
degree of oxidative stress by the method proposed by
Buege and Aust. [11] Hepatic concentration of TC and
TG was estimated using commercially colorimetric assay
kits (Zist Chimi Chemical Company, Tehran, Iran) after
chloroform-methanol extraction according to the Floch
method. [8]
Histological examination
Histological changes in liver tissues were detected by
H&E staining as previously described. [8] Liver tissue
was placed in 10% formalin solution for dehydration.
After 48 h, paraffin was added to the tissue and staining
www.eijppr.com
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was performed by hematoxylin - eosin. The samples were
cut into 5-µm section according to routin protocols and
examined by optical microscopy.
RNA extraction and qRT-PCR
Total RNA was extracted from animals’ retroperitoneal
adipose tissue by using buffer component, proteinase K,
RNX-Plus reagent (CinnaGen Company, Iran) according
to the manufacturer’s procedure. RNA was treated with
DNAse-1 (Fermentas Inc., Vilnius, Lithuania) and
assessed with spectrophotometry at 260 and 280 nm
(Biophotometer, Eppendorf, Hamburg, Germany) to
ensure that any DNA and protein had been removed then,
samples were kept at - 80 ° C until analysis. For cDNA
synthesis, random hexamer, Oligo (dt) and dNTP
(CinnaGen Company, Iran) were used based on the
previous studie. [12] The primer sequences for
peroxisome proliferator-activated receptor-γ coactivator1α (PGC-1α), uncoupling protein 1 (UCP1) and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(used as a housekeeping gene) were obtained from the
National Center for Biotechnology Information (NCBI)
website. Speciﬁc primers were designed by the Primer
express program (shown in Table 2).
Real-time PCR relative quantiﬁcation was performed
using the ABI-step system by measuring the increase in
ﬂuorescence emission resulting from SYBR Green
(Fermentas Inc., Vilnius, Lithuania). A reaction without
cDNA was used as a negative control. Reactions were
performed in triplicate. Gene expression assessment was
performed using the 2(- delta delta ct) method. The level of
PGC-1α and UCP1 gene expression was reported based
on the relative quantitation (RQ) assay. [12]
Statistical analysis
Data processing was performed using SPSS 16.0
statistical soft ware. One-way ANOVA was used, and the
results were expressed as the mean ± SEM (standard error
of the mean) followed by Tukey’s post hoc test. The level
of statistical signiﬁcance was set at (p < 0.05).
RESULTS
Body and liver weight alterations
At the end of the experimental period, no significant
differences were found in the body weight gain and liver
weight in the HFD group compared to the NC group but
all treated animal groups showed a marked decrease in
body weight gain compared to the NC group (P<0.05).
Liver weight increased significantly in Fen and Fen+Lip
groups compared to the HFD group (P<0.05). (Table 3).
Serum biochemistry
Compared to the NC group, the HFD group displayed a
significant increase in serum lipids profile (P<0.05).
Fenofibrate and fenofibrate in combination with α-lipoic
acid decreased significantly serum lipids profile of all
treated groups compared to the HFD group (P<0.05).
ISSN (Online) 2249-6084 (Print) 2250-1029

Serum TNFα significantly increased and serum
adiponectin significantly decreased in all groups to
receive HFD compared to the NC group (P<0.05)
Fenofibrate and fenofibrate in combination with α-lipoic
acid did not alter the serum concentrations of adiponectin
and TNFα in all treated groups compared to the HFD
group (P>0.05). Serum ALT level significantly increased
in HFD group compared to the NC group (P<0.05) and in
Fen and Lip groups compared to the HFD group (P<0.05)
but in Fen+Lip group no significant change were
observed compared to the HFD group (P>0.05) (Fig.1. B).
Serum insulin level and insulin resistance based on
HOMA index increased significantly in all groups to
receive HFD compared to the NC group (P<0.05). In all
treated groups, no significant difference were found in the
level of these factors compared to the HFD group
(P>0.05) (Table3).
Hepatic lipid content and lipid peroxidation
High-fat diet significantly increased the hepatic content of
triglyceride (TG) and total cholesterol (TC) in the liver
tissue of HFD group compared to the NC group (P<0.05).
In all treated groups, a significant decrease were observed
in the level of hepatic content of TC and TG compared to
the HFD group (P<0.05). No significant differences were
found in hepatic SOD activity in the HFD group
compared to the NC group. Fenofibrate significantly
decreased the hepatic SOD activity in Fen group
compared to the NC group but in Fen+Lip group, no
significant change were observed between this group and
NC group (P>0.05) (Fig.1. C). Compared to the NC
group, hepatic content of MDA as a marker for lipid
peroxidation significantly increased in HFD group.
Hepatic concentrations of MDA was not decreased by
oral administration of fenofibrate but fenofibrate in
combination with α-lipoic acid significantly decreased the
hepatic content of MDA in Fen + Lip group compared to
the HFD group (P<0.05) (Fig.1. D).
Liver Histology
As shown in Fig.3, after six weeks of high-fat emulsion
diet feeding, liver sections from the high-fat emulsion
model group displayed obvious fat droplets and macrovesicular steatosis around the periportal zone that was
confirmed by H&E staining (Fig. 3B). Liver histological
changes were not observed in rats fed a normal diet (Fig.
3A). Fenofibrate in combination with α-lipoic acid
attenuated the hepatic steatosis and fat droplets in the
liver. Particularly, it showed greater improvement in fat
droplets attenuation than fenofibrate treatment alone
(Fig.3D and 3E).
Expression PGC-1α and UCP1 mRNA in adipose
tissues of rats
Using high-fat emulsion diet caused decrease of PGC-1α
and UCP1 mRNA expression. Fenofibrate enhanced
expression of PGC-1α and UCP1 more than the control
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level. Meanwhile, fenofibrate in combination with αlipoic acid increased PGC-1α and UCP1 expression more

.
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potently than fenofibrate alone in adipose tissue (Fig.2A
and Fig.2B).
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Figure 1. Effect of fenofibrate, α-lipoic acid and fenofibrate in combination with α-lipoic acid on serum triglyceride
level (TG) (A), the concentration of serum alanine minotransferase level (ALT) (B), liver superoxide dismutase activity
(SOD) (C) and hepatic content of malondialdehyde (MDA) (D). Normal control group (NC), high-fat diet feeding
group (HFD), HFD + fenofibrate group (Fen), HFD + α-Lipoic acid group (Lip) and HFD + fenofibrate in combination
with α-lipoic acid group (Fen+Lip). Values represent mean ± SEM. Statistical analysis was performed using one-way
ANOVA with Tukey’s post-hoc test. Compared with the HFD group: * P < 0.05. Compared with the HFD group ** P <
0.01. Compared with the NC group: # P < 0.05. Compared with the NC group: ## P < 0.01.
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A
B
Figure 2. Effects of fenofibrate, α-lipoic acid and fenofibrate in combination with α-lipoic acid on PGC-1α (A) and
UCP1 (B) mRNA expression. Normal control group (NC), high-fat diet feeding group (HFD), HFD + fenofibrate
group (Fen), HFD + α-Lipoic acid group (Lip) and HFD + fenofibrate in combination with α-lipoic acid group
(Fen+Lip).
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Figure 3. Pathological changes of liver tissues in each group. The sections were stained for hematoxylin and eosin.
Normal control group (A), high-fat diet feeding group (B), HFD + fenofibrate group (C), HFD + α-Lipoic acid group
(D) and HFD + fenofibrate in combination with α-lipoic acid group (E).
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Table 1. The composition and caloric content of the high-fat emulsion diet ingested via gavage in rats.8
Component
Corn oil (g)
Saccharose (g)
Total milk powder (g)
Cholesterol (g)
Sodium deoxycholate (g)
Tween 80 (g)
Propylene glycol (g)
Vitamin mixture (g)
Cooking salt (g)
Mineral mixture (g)
Distilled water (ml)
Total energy

High-fat emulsion
400
150
80
100
10
36.4
31.1
2.5
10
1.5
300
(4342 kcal/l)

Table 2. Primer Sequences for real-time PCR amplification.
Gen
UCP1 (Forward)
UCP1 (Reverse)
PGC-1α (Forward)
PGC-1α (Reverse)
GAPDH (Forward)
GAPDH (Reverse)

Sequence
5/-AGAGGTGGTGAAGGTCAGAATGC
5/-TCCACAGTGTTGACAAGCTTTCTG
5/-GCTGAAGCCCTCTTGCAAGAC
/
5 -ACTGAGGACTTGCTGAGTTGTGC
5/-CAACTCCCATTCTTCCACCTTTG
5/-CTGTTGCTGTAGCCATATTCATTGTC

PGC-1α, Peroxisome proliferator-activated receptor-γ coactivator-1α; UCP1, Uncoupling protein1; GAPDH,
Glyceraldehyde-3-phosphate dehydrogenase.

Table 3. Changes of body weight gain, liver weight and concentration of serum TG, triglyceride; TC, total cholesterol;
HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; VLDL-C, Very low density
lipoprotein-cholesterol; AST, aspartate aminotransferase; ALT, alanineaminotransferase; Adipo, Adiponectin; Glucose,
Insulin level and HOMA Index, Liver TG, Liver triglyceride; Liver TC, Liver total cholesterol; in each group of rats.
Group

NC

HFD

Fen

Lip

Fen + Lip

Body weight gain(g)

69.33±6.4

52.83±16.38

18.05±7.86##

18.00±9.39##

36.42±12.21##

Liver weight(g)

10.01±0.68

11.21±0.91

16.21±1.16**

10.28±1.29

16.94±3.19**

TG (mg/dl)

63.60±18.39

63.60±18.39##

30.24±5.60 **

26.84±5.91**

19.38±3.91**

TC (mg/dl)

47.16±7.62

96.16±36.05##

50.11±9.07**

46.98±6.32**

33.63±9.70**

HDL-C(mg/dl)

33.96±11.39

43.11±9.92

38.89±6.77

44.01±9.83

32.63±9.70

LDL-C(mg/dl)

21.99±2.78

67.91±30.05##

17.66±3.59**

16.63±4.67**

9.63±3.19**

VLDL(mg/dl)

5.43±3.01

15.21±6.85##

6.25±0.99**

5.36±1.18**

3.96±0.78**

AST(U/L)

147±24

282±42##

240±28

311±38

243±37

ALT(U/L)

44±5.7

88±14#

135±38*

173±50**

85±13

Adipo.(pg/dl)

6.70±0.55

5.05±0.98#

4.38±0.35

5.30±0.33

4.90±0.33

TNFα(Pg/ml)

105.43±9.6

121.58±10.12#

124.51±4.38

117.38±5.10

121.63±6.11

Glucose (mg/dl)

113.1±20.2

155.2±40.9

140.2±24.3

128.5±23.3

160.0±25.2

Insulin (nIU/ml)

335.5±56.1

437.7±36.1#

446.9±23.0

427.2±11.1

442.3±25.3

HOMA Index

0.08±0.02

0.16±0.05#

0.15±0.02

0.13±0.02

0.17±0.02

Liver TG
(mic.mol/g.tissue)

13.79±0.71

14.35±0.73#

13.39±1.01*

12.31±0.88*

11.88±0.62*

Liver TC
(mic.mol/g.tissue)

11.72±0.74

12.80±0.49#

11.55±1.77*

11.23±1.74*

11.47±1.60*

Normal control group (NC), high-fat diet feeding group (HFD), HFD + fenofibrate group (Fen), HFD + α-Lipoic acid group (Lip) and HFD +
fenofibrate in combination with α-lipoic acid (Fen+Lip). Values represent mean ± SEM. Statistical analysis was performed using one-way
ANOVA with Tukey’s post-hoc test. Compared with the HFD group: * P < 0.05. Compared with the HFD group: ** P < 0.01. Compared
with the NC group: # P < 0.05. Compared with the NC group: ## P < 0.01.
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DISCUSSION
In this study, oral administration of high-fat emulsion diet
to rats induced hypertriglyceridemia, insulin resistance,
lipid peroxidation and steatosis. Administration of
fenofibrate significantly altered hypertriglyceridemia in
rats but it increased the plasma level of alanine
aminotransferase (ALT) without effect on hepatic content
of malondialdehyde (MDA). Fenofibrate in combination
with α-lipoic acid also improved hypertriglyceridemia but
it decreased the plasma level of ALT and hepatic content
of MDA.
The present study showed that high-fat emulsion diet did
not increase body weight in the HFD group, and obesity
was not seen in this group compared to the normal control
group. Previous reports suggest that the composition of
fatty acids in the diet plays major role in body weight
gain and saturated fatty acids have more effects on
obesity and weight gain than unsaturated fatty acids. [13]
Corn oil contains high values of unsaturated fatty acids.
[14] Results of this experiment are agreement with these
reports.
Fenofibrate and fenofibrate in combination with α-lipoic
acid decreased body weight gain and they caused weight
loss in rats. Fenofibrate effects on lipid metabolism,
increases energy consumption and reduces body weight
by effect on liver metabolism. [15] AMP-activated
protein kinase (AMPK) activates peroxisome proliferatoractivated receptor-γ coactivator-1α (PGC-1α) as a
regulator of mitochondrial biogenesis in the cells. α-lipoic
acid activates AMPK-PGC-1α pathway and increases the
energy consumption and induces body weight reduction
in rats. [16] In addition, α-lipoic acid reduces food intake
and regulates the body weight by lowering AMPK
activity in the hypothalamus. [17]
In this study, fenofibrate significantly increased liver
weight and induced hepatomegaly. Activation of PPARs
induces different effects on rodents compared to the
humans. [18] The stimulation of these receptors causes
hepatomegaly and liver toxicity in rats. [5]
The present study showed that high-fat emulsion diet
increased the serum level of TC, TG, LDL-C, and VLDL
but the levels of these parameters were decreased by
administration of fenofibrate and fenofibrate in
combination with α-lipoic acid in all treated groups.
Excess energy intake and abnormal lipid metabolism are
main causes of hypertriglyceridemia. [1] PPARα receptor
agonists such as fenofibrate increases fatty acids
oxidation and reduces circulating triglyceride level and
dyslipidemia. [3] Another study revealed that α-lipoic
acid prevents dyslipidemia by increasing beta-oxidation
and reducing the synthesis of cholesterol. [1] α-lipoic acid
improves fat disorders through its antioxidant and antiinflammatory properties. [19] It also reduces the
concentration of triglyceride in the serum and liver. [20]
ISSN (Online) 2249-6084 (Print) 2250-1029

α-lipoic acid stimulates the activity of AMPK as an
intracellular energy sensor. [21]
In this study, fenofibrate significantly decreased the
activity of superoxide dismutase (SOD) and increased the
hepatic content of MDA in Fen group but in animals that
treated with combination of fenofibrate and α-lipoic acid,
SOD activity increased and MDA concentration
decreased. One of the side effects of fenofibrate is
increasing lipid peroxidation. [11] Fenofibrate in rodents
causes hepatotoxicity and cancer. Fibrates increas the
level of factors that are involved in the production of
reactive oxygen species (ROS) and oxidative stress. [5]
Superoxide dismutase (SOD) is an enzyme, which
disables oxidizing agents such as active oxygen species.
[22] Oxidative stresses also cause lipid peroxidation and
MDA formation. [23] Reactive oxygen species (ROS)
such as anion superoxide are free radicals that created as a
result of oxygen cellular metabolism. It can attack lipids
and unsaturated fatty acids in the cell and cause lipid
peroxidation. [2] The result of these reactions is the
production of compounds with carbonyl group such as
MDA. It can migrate and cause harmful effects on
proteins and DNA in the cell. [24] MDA is a toxic
compound which is considered as a marker for lipid
peroxidation. [25] α-lipoic acid has a strong antioxidant
property. [6] Results of this syudy suggest that fenofibrate
in combination with α-lipoic acid reduces oxidative stress
and lipid peroxidation that were produced by HFD or
fenofibrate.
Previous studies have indicated that fenofibrate increases
the level of aminotransferases in rats. [26] Moreover αlipoic acid increases alanine aminotransferase (ALT)
level. [10] In parallel with these studies, Results of this
experiment revealed that serum ALT level increased in
treatment with fenofibrate or α-lipoic acid but in
administration of fenofibrate in combination with α-lipoic
acid that performed with half dose of compounds,
enhancement of ALT was not observed. This result may
correlat with the dose of these compounds.
The results of this study indicated that fenofibrate
decreased intrahepatic cholesterol and triglyceride, but
fenofibrate in combination with α-lipoic acid showed
greater improvement in the level of intrahepatic
cholesterol and triglyceride than fenofibrate alone. The
accumulation of cholesterol in the liver is one of the
causes of hepatotoxicity. [27] Cholesterol in the liver
causes inflammation and liver damage. [28] Studies have
shown that fenofibrate reduces the synthesis of
cholesterol, increases the LDL-C clearing and cholesterol
secretion into the bile. [29] In addition, α-lipoic acid
improves lipid profile in the liver. [30] α-lipoic acid
increases β-oxidation and reduces the accumulation of
triglyceride and steatosis by stimulating AMPK.[31]
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The present study showed that the expressions of PGC-1α
were decreased after administration of high-fat emulsion
diet. Fenofibrate increased PGC-1α gene expression in
adipos tissue but fenofibrate in combination with α-lipoic
acid showed greater improvement in the PGC-1α gene
expression than fenofibrate alone. PGC-1α is involved in
homeostasis of energy and metabolism of glucose. It
increases the expression of the UCP1 gene in brown fat
tissue. [32] Reduction in gene expression of PGC-1α in
fat tissue is associated with insulin resistance. [33]
Studies show that PGC-1α has protective effects on the
development of insulin resistance and activates the
expression of GLUT4. [34] PGC-1α also plays major role
in energy consumption and heat generation. [35] Previous
studies have shown that fenofibrate increases the
expression of PGC-1α gene. [36] In addition, α-lipoic
acid has stimulating effect on expression of PGC-1α gene.
[20, 37] The expressions of UCP1 gene significantly
increased in all treated groups compared to the HFD
group. Uncoupling protein-1 (Ucp1) in mitochondrial
inner membrane involves in energy balance. α-lipoic acid
increases UCP1 gene expression and energy consumption
in rodents. [38] Previous reports have shown that
fenofibrate increases the expression of the UCP1 gene.
[36]
CONCLUSION
Our results suggest that half dose of fenofibrate in
combination
with
α-lipoic
acid
improves
hypertriglyceridemia similar to full dose of fenofibrate
alone without elevation of serum ALT level and oxidative
stress in male Sprague–Dawley rats fed with high-fat
emulsion diet. α-lipoic acid may improve effects of low
dose of fenofibrate and reduce its toxic and side effects.
Thus, it seems that fenofibrate in combination with αlipoic acid may be more eﬀective than fenofibrate alone
for improvement of dyslipidemia and oxidative stress
resulting from a high-fat diet.
Ethical Issues
The experimental protocol was performed in accordance
with the international guidelines established in the Guide
for the Care and use of Laboratory Animals (Institute of
Laboratory Animal Resources, 1996) and further
approved by the University’s Internal Ethics committee
(approval
code:
IR.IAU.SRB.REC.1397.122).
Concerning Ethical Clearance : the protocol was approved
by the Animal Ethics Committee of the Science and
Research Branch, Azad University, Tehran.
Conflict of interest statement
The authors declare that they have no conflict of interest.
ACKNOWLEDGMENT

ISSN (Online) 2249-6084 (Print) 2250-1029

This research has been performed in the laboratory
complex of the Sience and Research Branch of Islamic
Azad University of Tehran.
REFERENCES
[1] Yang Y, Li W, Shi Y, Le G. Lipoic acid prevents
high- fat diet- induced dyslipidemia and oxidative
stress: A microarray analysis. Nutrition 2008; 24:
582–588. doi: 10.1016/j.nut.2008.02.002
[2] Hassing H.C, Surendran R.P, Mooij H.L, Stroes
E.S, Nieuwdorp M, Dallinga-Thie G.M.
Pathophysiology
of
hypertriglyceridemia.
Biochimica et Biophysica Acta 2012;1821: 826–
832. doi: 10.1016/j.bbalip.2011.11.010
[3] Hong X.Z, Li L.D, Wu L.M. Effects of Fenofibrate
and Xuezhikang on high-fat diet-induced NonAlcoholic Fatty Liver Disease. Clinical and
Experimental Pharmacology and Physiology
2007;34:
27–
35.
doi:
10.1111/j.14401681.2007.04547.x
[4] Rolo A.P, Teodoro J.S, Palmeira C.M. Role of
oxidative stress in the pathogenesis of nonalcoholic
steatohepatitis. Free Radical Biology & Medicine
2012;52:.
59–69.
doi:
10.1016/j.freeradbiomed.2011.10.003
[5] Ohta T, Masutomi N, Tsutsui N, Sakairi T,
Mitchell M, Milburn M.V, et al. Untargeted
Metabolomic Profiling as an Evaluative Tool of
Fenofibrate-Induced Toxicology in Fischer 344
Male Rats. Toxicologic Pathology. 2009; 37: 521535. Doi: 10.1177/0192623309336152
[6] Goraca A, Huk-Kolega H, Piechota A, Kleniewska
P, Ciejka E, Skibska B. Lipoic acid – biological
activity and therapeutic potential. Pharmacological
Reports 2011; 63:849-858. doi: 10.1016/S17341140(11)70600-4
[7] Pershadsingh H.A. α-Lipoic acid: physiologic
mechanisms and indications for the treatment of
metabolic syndrome. Expert Opin. Investig. Drugs
2007;16(3):291-302.
doi:
10.1517/13543784.16.3.291
[8] Zou Y, Li J, Lu C, Wang J, Ge J, Huang Y, et al.
High-fat emulsion-induced rat model of
nonalcoholic steatohepatitis. Life Sciences
2006;79;
1100–1107.
doi:
10.1016/j.lfs.2006.03.021
[9] Abd El-Haleim E.A, Bahgat A.K, Saleh S . Effects
of combined PPAR-γ and PPAR-α agonist therapy
on fructose induced NASH in rats Modulation of
gene
expression.
European
Journal
of
Pharmacology
2016.
doi:
10.1016/j.ejphar.2016.01.011
[10] Cremer D.R, Rabeler R, Roberts A, Lynch B.
Safety evaluation of a-lipoic acid
(ALA)
www.eijppr.com

157

International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | December 2020 | Volume 10 | Issue 6 | Page 150-159
Babak Hassankhan, The Effect of Fenofibrate Combined with Α-Lipoic Acid on Rats Fed with High Fat Diet

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Regulatory Toxicology and Pharmacology
2006;46: 29–41. doi: 10.1016/j.yrtph.2006.06.004
Abd El-Haleim E.A, Bahgat A.K, Saleh S.
Resveratrol and fenofibrate ameliorate fructoseinduced nonalcoholic steatohepatitis by modulation
of genes expression. World J Gastroenterol 2016;
22(10): 2931-2948. doi: 10.3748/wjg.v22.i10.2931
Karkhaneh L, Yaghmaei P, Parivar K,
Sadeghizadeh M Ebrahim-Habibi A. Effect of
trans-chalcone on atheroma plaque formation, liver
ﬁbrosis and adiponectin gene expression in
cholesterol-fed NMRI mice. Pharmacological
Reports
2016;462:1-8.
doi.org/10.1016/j.pharep.2016.03.004
Hariri N, Thibault L. High-fat diet-induced obesity
in animal models. Nutrition Research Reviews
2010;
23:
270–299.
doi:10.1017/S0954422410000168
Dupont J, White P.J, Carpenter M.P, Schaefer E.J,
Meydani S.N, Elson C.E, et al. Food uses and
health effects of corn oil. Journal of the American
College of Nutrilion 1990; 9 (5): 438-470.
doi:10.1080/07315724.1990.10720403
Mancini F.P, Lanni A, Sabatino L, Moreno M,
Giannino A, Contaldo F, et al. Fenofbrate prevents
and reduces body weight gain and adiposity in
diet-induced obese rats. FEBS Letters 2001;491:
154-158. doi: 10.1016/s0014-5793(01)02146-9
Wang Yi, Li X, Guo Y, Chan L, Guan X. αLipoic acid increases energy expenditure by
enhancing adenosine monophosphate–activated
protein kinase–peroxisome proliferator-activated
receptor-γ coactivator-1α signaling in the skeletal
muscle of aged mice. Metabolism Clinical and
Experimental
2010;59:
967–976.
doi:10.1016/j.metabol.2009.10.018
Lee W.J, Koh E.H, WonJ.C, Kim M.S, Park J.Y,
Lee K.U. Obesity: The role of hypothalamic AMPactivated protein kinase in body weight regulation.
The International Journal of Biochemistry & Cell
Biology
2005;37:
2254–2259.
doi:10.1016/j.biocel.2005.06.019
Yang Q, Nagano T, Shah Y, Cheung C, Ito S,
Gonzalez F.G. The PPARα -Humanized Mouse: A
Model to Investigate Species Differences in Liver
Toxicity Mediated by PPARα. Toxicological
sciences
2008;101(1):
132–139.
doi:10.1093/toxsci/kfm206
Zhang Y, Han P, Wu N, He B, Lu Y, Ly S, et al.
Amelioration of Lipid Abnormalities by α-Lipoic
acid through Antioxidative and Anti-Inflammatory
Effects. Obesity 2011; 19(8): 1647-1653.
doi:10.1038/oby.2011.121

ISSN (Online) 2249-6084 (Print) 2250-1029

[20] Galilea M.F, Hontoria P.L, Martinez J.A, Aliaga
M.M. Antiobesity effects of a–lipoic acid
supplementation.
Clinical
Lipidology
2013;8(3):371–383. doi:10.2217/clp.13.19
[21] Lee W.J, Song K.H, Koh E.H, Won J.C, Kim H,S,
Park H.S, et al. α -Lipoic acid increases insulin
sensitivity by activating AMPK in skeletal muscle.
Biochemical
and
Biophysical
Research
Communications
2005;232:
885–891.
doi:10.1016/j.bbrc.2005.05.035
[22] JI L.L, Stratman F.W, Lardy H.A. Antioxidant
enzyme systems in rat liver and skeletal muscle
Influences of selenium deficiency, chronic training,
and acute exercise. Archives of Biochemistry and
Biophysics
1988;
263(1):
150-160.
doi:10.1016/0003-9861(88)90623-6
[23] Esterbauer H , Schaur R.J, Zollner H. Chemistrt
and
biochemistry
of
4-Hydroxynonenal,
Malonaldehyde and related aldehydes. Free radical
biology & Medicin 1991; 11: 81-128.
doi:10.1016/0891-5849(91)90192-6
[24] Negre-Salvayre A, Auge N, Ayala V, Basaga H,
Boada J, BrenkeR, et al. Pathological aspects of
lipid peroxidation. Free Radical Research 2010;
44(10):
1125–1171.
doi:10.3109/10715762.2010.498478
[25] Del Rio D, Stewart A.J, Pellegrini N . A review of
recent studies on malondialdehyde as toxic
molecule and biological marker of oxidative stress.
Nutrition, Metabolism & Cardiovascular Diseases
2005;15:316-328.
doi:10.1016/j.numecd.2005.05.003
[26] Dohmen K, Wen CY, Nagaoka S, Yano K, Abiru
S, Ueki T, et al. Fenofibrate-induced liver injury.
World
Journal
of
Gastroenterology
2005;11(48):7702-7703.
[27] Hebbard L , George J. Animal models of
nonalcoholic fatty liver disease. Nature reviews.
Gastroenterology & Hepatology 2011;8:34-44.
doi:10.1038/nrgastro.2010.191
[28] Wouters K, Bilsen M.V, Gorp P.G,Bieghs V,
Lutjohann D, Kerksiek A, et al. Intrahepatic
cholesterol influences progression, inhibition and
reversal of non-alcoholic steatohepatitis in
hyperlipidemic mice. FEBS Letters 2010;584:
1001–1005. doi:10.1016/j.febslet.2010.01.046
[29] Jung-Jin L, Yong-Ri J, Ji-Yeon Yu, Munkhtsetseg
T, Eun-Seok P, Lim Y, et al. Antithrombotic and
antiplatelet activities of fenoﬁbrate, a lipidlowering drug. Atherosclerosis 2009;206: 375–
382. doi:10.1016/j.atherosclerosis.2009.02.034
[30] Eun Young S, Ae Wha H, Woo Kyoung k. αLipoic acid reduced weight gain and improved the
lipid profile in rats fed with high fat diet. Nutrition

www.eijppr.com

158

International Journal of Pharmaceutical and Phytopharmacological Research (eIJPPR) | December 2020 | Volume 10 | Issue 6 | Page 150-159
Babak Hassankhan, The Effect of Fenofibrate Combined with Α-Lipoic Acid on Rats Fed with High Fat Diet

[31]

[32]

[33]

[34]

Research
and
Practice
2012;6(3):195-200.
doi:10.4162/nrp.2012.6.3.195
Keun-Gyu P, Ae-Kyung M, Eun Hee K, Hyoun Sik
K, Mi-Ok K, Hye-Sun P,et al. Alpha-Lipoic Acid
Decreases
Hepatic
Lipogenesis
Through
Adenosine Monophosphate-Activated Protein
Kinase
(AMPK)-Dependent
and
AMPKIndependent. Hepatology, Vol. 48, No. 5,
2008;48(5): 1477-1486. doi:10.1002/hep.22496
Puigserver P, Spiegelman BM. Peroxisome
Proliferator-Activated Receptor g Coactivator1a
(PGC1a) : Transcriptional Coactivator and
Metabolic
Regulator.
Endocrine
Reviews
2002;24(1):78 –90. doi:10.1210/er.2002-0012
Kleiner S, Mepani RJ, Laznik D, Ye L, Jurczak
MJ, Jornayvaz FR, et al. Development of insulin
resistance in mice lacking PGC-1α in adipose
tissues.
PNAS
2012;109(24):9635-9460.
doi:10.1073/pnas.1207287109
Finck BN, Kelly DP. PGC-1 coactivators:
inducible regulators of energy metabolism in
health and disease. The
Journal of Clinical

[35]

[36]

[37]

[38]

Investigation
2006;116(3):615-622.
doi:10.1172/JCI27794
Liang H, Ward WF. PGC-1a: a key regulator of
energy metabolism. Advances in Physiology
Education
2006;30:
145–151.
doi:10.1152/advan.00052.2006
Lima Rachid T, Penna-de-Carvalho A, Bringhenti
I, Aguila MB, Mandarim-de-Lacerda CA, SouzaMello V. Fenoﬁbrate (PPARalpha agonist) induces
beige cell formation insubcutaneous white adipose
tissue from diet-induced male obese mice.
Molecular and Cellular Endocrinology 2015;402:
86–94. doi:10.1016/j.mce.2014.12.027
Nikolai S, Huebbe P, Metges CC, Schloesser A,
Dose J, Ikuta N, et al. R-a lipoic acid gcyclodextrin
complex
increases
energy
expenditure: A 4-month feeding study in mice.
Nutrition
2014;30:
228–233.
doi:10.1016/j.nut.2013.08.002
Kim M-S, Park J-Y, Namkoong C, et al. α-Lipoic
acid, an anti-obesity agent? Expert Opin. Investig.
Drugs
2004;
13(12):1641-1643.
doi:10.1517/13543784.13.12.1641.

159

ISSN (Online) 2249-6084 (Print) 2250-1029

www.eijppr.com

