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Abstract

Objectives Obesity is a risk factor for type 2 diabetes mellitus. It results from an energy
imbalance in which energy intake exceeds energy expenditure. The cellular fuel gauge
50-AMP-activated protein kinase (AMPK) is a heterotrimeric protein consisting of one
catalytic subunit (a) and two non-catalytic subunits (b and g), and approximately equal
levels of a1 and a2 complexes are present in the liver. AMPK regulates metabolic
pathways in response tometabolic stress and in particular ATP depletion to switch on energy-
producing catabolic pathways such as b-oxidation of fatty acids and switch off energy-
depleting processes such as synthesis of fatty acid and cholesterol. A high-fat diet alters
AMPK-a1 gene expression in the liver and skeletal muscle of rats and results in body weight
gain and hyperglycaemia. The aim of this study was to investigate and compare the potential
effects of peroxisome proliferator-activated receptor (PPAR)-a agonists fenofibrate and
n-3 polyunsaturated fatty acids (PUFAs) in modulation of AMPK-a1 activity in liver and
skeletal muscle of high-fat diet fed rats.
Methods Reverse transcription–polymerase chain reaction was used for determination of
AMPK-a1 in liver and soleus muscle and both PPAR-a and CPT-1 in hepatic tissues.
Serum, total cholesterol, triacylglycerol, fatty acid and fasting blood glucose were
determined colorimetrically.
Key findings Both PPAR-a agonists, fenofibrate and n-3 PUFA, increased the mRNA
expression of AMPK-a1 activity in liver and skeletal muscle of obese diabetic rats.
Fenofibrate was superior in its activation of hepatic mRNA expression of AMPK-a 1 to
exert more lipolytic effect and body weight reduction, as estimated through the decrease of
triacylglycerol output and serum levels of fatty acid on the one hand and the increase in
CPT-1 mRNA expression, the key enzyme in b-oxidation of fatty acid, on the other hand.
n-3 PUFA activated AMPK-a1 mRNA expression in skeletal muscle much more than
fenofibrate to reveal more hypoglycaemic effect.
Conclusions The PPAR-a agonists fenofibrate and n-3 PUFA could efficiently activate
AMPK-a1 mRNA expression in liver and skeletal muscle to exert body weight reduction
and hypoglycaemic effect, respectively.
Keywords AMPK-a1; CPT-1; diabetes mellitus; fenofibrate; PPAR-a

Introduction

Obesity is a major risk factor for developing type 2 diabetes mellitus and cardiovascular
disease.[1,2] It is attributed to an energy imbalance in which energy intake exceeds energy
expenditure.[3] Cellular energy homeostasis is regulated by 50-AMP-activated protein
kinase (AMPK) within individual cells and at the level of the whole body.[4]

The energy sensing/signalling AMPK is a heterotrimeric serine/threonine kinase
comprised of a catalytic a and regulatory b and g subunits. It has multiple isoforms (a1,
a2, b1, b2, g1–g3); approximately equal levels of a1 and a2 complexes are present in the
liver.[5,6] Changes in AMPK-a1, rather than a2, activity may play some role in the
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defective contraction-induced glucose metabolism in dia-
betes.[7] Only changes in a1 activity were affected in skeletal
muscle of the Zucker diabetic fatty rat.[8,9]

AMPK is activated by metabolic stresses that either
inhibit ATP production or accelerate ATP consumption.
Once activated, AMPK phosphorylates its downstream
substrates to switch on energy-producing pathways at the
expense of energy-depleting processes, such as synthesis of
fatty acids and cholesterol.[10,11] AMPK regulates fatty acid
metabolism by stimulating fatty acid oxidation through
phosphorylation of acetyl CoA carboxylase (ACC) thereby
decreasing malonyl CoA levels, which disinhibits carnitine
palmitoyltransferase-1(CPT-1) and increases fatty acid entry
into mitochondria.[12]

Nuclear peroxisome proliferator-activated receptors
(PPAR) are ligand activated metabolic transcription factors
containing ligand binding and DNA binding domains, where
PPAR is expressed in tissues with high-energy demands.
Three PPAR isoforms have been described: a, d (or b),
and g. PPAR-a is mainly present in liver where it activates a
programme of target gene expression involved in fatty acid
uptake and b-oxidation.[13]

PPAR-a is activated by natural ligands, including fish oil
enriched with n-3 polyunsaturated fatty acids (PUFAs) such
as docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA), and by synthetic ligands, including fibrates such as
fenofibrate.[14]

Recent data suggested that several drugs currently in wide
usage in the treatment of obesity and diabetes may act,
at least in part, by regulating AMPK activity.[15] These
observations reinforced the view that modulation of AMPK
activity may be an important means of regulating fuel
(specifically glucose and fatty acid) usage in such tissues. In
spite of having a very important role in regulation of energy
metabolism, PPAR-a agonists have not been linked to the
energy sensor molecule, AMPK, as a mediator of its action
as yet.

The roles of the PPAR-a agonists, and in particular n-3
PUFA, are not fully understood. Contradictory data was
reported considering the role of n-3 PUFA on activation of
hepatic AMPK, while their effects on AMPK in skeletal muscle
is still obscure.[16,17] Also, fenofibrate prevents and reduces
body weight gain and adiposity in diet-induced obese rats, but
its role on activation of AMPK has not been studied.[18]

The aim of this study was to throw some light on the
potential role of PPAR-a agonists, either natural such as
fish oil (n-3 PUFA) or synthetic such as fenofibrate, on
activation of the AMPK-a1 subunit in obesity and its com-
plication, type 2 diabetes mellitus lessening in high-fat diet
fed rats.

Materials and Methods

Experimental animals

Forty male Wistar rats (150 ± 20 g) were supplied by the
Egyptian Organization for Biological Products and Vaccines.
Rats were subjected to controlled conditions of temperature
(25 ± 2∞C) and illumination (12-h light/dark), and allowed
free access to normal rat chow diet and water. This protocol

was approved by the Animal Care and Use Committee of the
Biochemistry Department, Faculty of Pharmacy, Beni-Sueif
University.

Experimental design

One week after acclimatization, rats were randomly divided
into two main groups. Normal control rats (n = 10) were
placed on a control chow diet, which was freely available.
The chow consisted of 59% carbohydrate (32% maize starch
and 27% sucrose), 31.5% protein (casein) and 9.5% fat (lard).
Thirty rats were fed a high-fat diet and to induce obesity
food was freely available. The high-fat diet contained
65% carbohydrate, 19% protein and 16% as fat.[19] After
16 weeks, the obese rats were divided into three groups of
n = 10 for each and underwent a treatment for six weeks.
The first group was administered fenofibrate 100 mg/kg per
day orally (Eva pharma, Pyramids, Giza, Egypt). The second
group was supplemented with 10% v/w n-3 PUFA as fish oil,
which contained eicosapentaenoic acid (C20:5 n-3, EPA) and
docosahexaenoic acid (C22:6 n-3, DHA) (Technopharma,
New Borg El Arab City, Alexandria, Egypt). The third group
was kept as control obese rats. At the end of the 22nd week
of the experiment, the rats from each group were anaes-
thetized with urethane (1.3 mg/kg) and blood samples were
collected through retro-orbital bleeding. Serum was sepa-
rated and samples stored at -20∞C for further analysis. The
rats were then killed by decapitation and the liver and the
soleus muscles were harvested for mRNA determination.

Biochemical methods

Blood total cholesterol, triacylglycerol, and fasting blood
glucose were determined enzymatically using commercially
available kits (Spinreact, Gerona, Spain). The serum free
fatty acids were converted to chloroform-soluble copper salts
and measured colormetrically.[20]

Semi-quantitative determination of polymerase
chain reaction products

mRNA determination
Muscle and liver tissue samples (approximately 30 mg) were
homogenized, and then centrifuged at 15 000 rev/min. The
supernatant was examined for detection of gene expression
and b-actin was used as an internal control.

RNA extraction
Total RNA was extracted from tissue homogenate using an
RNA extraction kit supplied by Promega (Madison, WI,
USA), according to the manufacturer’s instructions. The
extracted RNA was quantitated spectrophotometrically at
260 nm.

Reverse transcription–polymerase chain
reaction experiments
Reverse transcription–polymerase chain reaction (RT-PCR)
was performed using the extracted RNA for detection of the
expression of AMPK-a1, PPAR-a and CPT-1 genes.

The extracted RNA was reverse transcribed into cDNA
using an RT-PCR kit (Stratagene, USA). Random primers
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(3 ml) were added to 10 ml RNA which was denatured for
5 min at 65∞C in the thermal cycler and cooled to 4∞C. The
cDNA master mix (buffer, 10 mM dNTPs, 40 U/ml RNase
inhibitor, 50 U/ml MMLV-RT enzyme) was added and
incubated for 1 h at 37∞C, followed by heating to 95∞C for
10 min. This was finally cooled at 4∞C and then PCR was
performed in a total volume of 50 ml. The PCR mixture
contained 100 mM Tris HCl (pH 8.8), 500 mM KCl, 1.5 mM

MgCl2, primers, 10 mM dNTPs and 5 U Taq polymerase. The
reaction mixture was then subjected to 35 cycles of 95∞C for
1 min, 55∞C for 1 min and 72∞C for 2 min. After the last
cycle, a final extension at 72∞C for 10 min was carried out.

The primer sequences are shown in Table 1.

Agarose gel electrophoresis
All the PCR products of the three genes were electrophoresed
on 2% agarose gel, stained with ethidium bromide and
visualized using a UV transilluminator.

Gel documentation
The PCR products were semiquantitated using the gel
documentation system (Bio Doc Analyzer) supplied by
Biometra, Germany. Relative expression of each studied
gene (R) was calculated using the following formula: R =
Densitometric Units of each studied gene/Densitometric
Units of b-actin.

Statistical analysis

All the data are expressed as mean ± SD. Statistical analyses
were performed using SPSS software (SPSS Science,
Chicago, IL, USA). Analysis of variance with post-hoc
LSD test was performed for comparison between the
different groups. Pearson correlation was used to study
any association between variables. P values < 0.05 were
considered statistically significant.

Results

Determination of body weight gain and
metabolic parameters

Feeding the rats with a high-fat diet for 16 weeks induced
obesity, as demonstrated by significant (P < 0.001) body
weight gain as compared with normal rats. Supplementation of
obese rats with PPAR-a agonists fenofibrate and n-3 PUFAs
caused significant weight loss at P < 0.001. Fenofibrate
caused a greater decrease in weight gain than n-3 PUFAs,
but this difference in action was not statistically significant.
Body weight gain was more negatively correlated with hepatic
AMPK-a1 (r, -0.377, P < 0.01) than the isoform in skeletal
muscle (r, -0.324, P < 0.05). This statistical data clearly
linked the reduction in body weight gain to the activation of
hepatic AMPK-a1 rather than the muscular isoform. Sig-
nificant hyperglycaemiawas recorded for obese ratswhen they
were compared with the normal rats (167.2 ± 13.2 vs
92.1 ± 7.6, P < 0.001), while treatment with fenofibrate or
n-3 PUFAs significantly decreased the serum glucose level
when compared with obese rats (126.4 ± 10.8 and
104.5 ± 9.66 vs 167.2 ± 13.2, P < 0.001, respectively).
A more hypoglycaemic effect was exerted by n-3 PUFAs as
compared with fenofibrate (104.5 ± 9.66 vs 126.4 ± 10.8,
P < 0.05, respectively). The hypoglycaemic effect was more
closely related to stimulation of AMPK-a1 in the skeletal
muscle than the hepatic isoform (r, -0.810 and -0.769,
respectively) at a P value less than 0.001. Resultant obesity
was accompanied with a significant increment in energy
consuming metabolic pathways, whereas high-fat fed rats
recorded significant increases in cholesterol (21.5%) and
triacylglycerol (130%) (P < 0.001) when compared with
normal control rats. A significant decrease in the concentration
of serum total cholesterol (19.3 and 19.7%, P < 0.001) as well
as triacylglycerol output (52.3 and 57.17%, P < 0.001) as a
result of fenofibrate or n-3 PUFA treatment of obese rats,
respectively, is shown in Table 2.

Table 1 Primer sequences from the experiment

Primer sequence Annealing temperature Product size

AMPK-a1 Forward 50-TCAGGCACCCTCATATAATC-30

reverse 50-TGACAATAGTCCACACCAGA-30 R1
65∞C 210 bp

CPT-1 Forward: 50-TATGTGAGGATGCTGCTT-30

Reverse: 50-CTCGGAGAGCTAAGCTTG-30 R2
60∞C 629 bp

PPAR-a Forward: 50-GGCTCGGAGGGCTCTGTCATC-30

Reverse: 50-ACATGCACTGGCAGCAGTGGA-30 R3
60∞C 654 bp

Table 2 Effect of fenofibrate and fish oil on body weight gain and metabolic parameters in high-fat diet fed rats

Normal control High-fat fed group Fenofibrate-treated group Fish oil-treated group

Weight gain (g) 240.5 ± 35.8 315 ± 34.5# 226.7 ± 27.8* 241.6 ± 34.4*

Glucose (mg/dl) 92.1 ± 7.6 167.2 ± 13.2# 126.4 ± 10.8* 104.5 ± 9.6*†

Total cholesterol (mg/dl) 122.8 ± 10.6 149.3 ± 14.3# 120.4 ± 9.2* 119.8 ± 11.1*

Triacylglycerol (mg/dl) 82.3 ± 18.2 188.7 ± 19.4# 86.0 ± 14.4* 81.1 ± 11.5*

Values are expressed as mean ± SD (n = 10). #P < 0.001 compared with normal control group; *P < 0.001 compared with high-fat fed group;
†P < 0.001 compared with fenofibrate-treated group.
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Determination of AMPK-a1 in liver

There was a significant 2.7-fold decrease in gene expression
of hepatic AMPK-a1 in the high-fat diet fed rats in
comparison with normal rats at P value less than 0.001.
However, supplementation with PPAR-a agonists fenofi-
brate and n-3 PUFA significantly increased (P < 0.001)
mRNA expression of AMPK-a1 in liver by approximately 2-
and 1.7-fold, respectively, in comparison with the high-fat
fed rat group. Fenofibrate was significantly (P < 0.05) more
efficient than n-3 PUFA (Figure 1).

Determination of AMPK-a1 in muscle

Figure 2 illustrates the significant (P < 0.001) decrease in
AMPK-a1 mRNA levels in soleus muscle in the high-fat fed
rats, up to 46.73% in comparison with normal control rats.
Meanwhile, fenofibrate and n-3 PUFA significantly
(P < 0.001) increased the mRNA level of AMPK-a1, up to
29 and 38%, respectively, as compared with obese rats. More
significant activation of AMPK-a1 gene expression in the
skeletal soleus muscle was achieved by n-3 PUFAs as
compared with fenofibrate at P < 0.05.

Determination of PPA-a in liver

Feeding the rats with the high-fat diet significantly
(P < 0.001) altered PPAR-a mRNA level in its prominent
site of expression, the liver, up to 3.1-fold compared with the
normal control group. The synthetic ligand fenofibrate and the
natural ligand fish oil, enriched with n-3 PUFAs, induced a
significant increase in gene expression of PPAR-a, up to 2-
and 1.7-fold, respectively, and in comparison with the high-fat
fed group. PPAR-a correlated significantly with hepatic
AMPK-a1 and muscle AMPK-a1 (r, 0.793 and 0.751,
respectively, P < 0.001). It was noteworthy that both of the
PPAR-a agonists exerted a significant (P < 0.001) and
synchronized parallel increase in activation of hepatic
AMPK-a1 and PPAR-a. Consequently, fenofibrate was
significantly (P < 0.05) more efficient than n-3 PUFAs
(Figure 3).

Determination of CPT-1 in liver

Figure 4 illustrates the significant (P < 0.001) decrease (up to
6%) in gene expression of CPT-1 in high-fat fed rats as

250
(b)

(a)

150

50

0
Normal
control

High-fat fed Fenofibrate Fish oil

Groups

200

100

M 1 2 3 4

Li
ve

r 
A

M
PK

-α
1 

(μ
g

/m
g

 t
is

su
e)

#

*

*

Figure 1 Determination of AMPK-a1 in the liver. (a) Agarose gel

electrophoresis showing gene expression of AMPK-a1 in liver by RT-

PCR. Lane M, PCR marker at 100 pb; lane 1, normal control; lane 2,

high-fat fed group; lane 3, high-fat fed rats treated with fenofibrate; lane

4, high-fat fed rats treated with fish oil. (b) Effect of fenofibrate and fish

oil on concentration of PCR products of gene expression of AMPK-a1 in
liver in high-fat fed rats. Values are expressed as mean ± SD, n = 10,
#P < 0.001 compared with normal control group, *P < 0.001 compared

with high-fat fed rat group, ‡P < 0.05 compared with fenofibrate-

treated group.
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Figure 2 Determination of AMPK-a1 in muscle. (a) Agarose gel

electrophoresis showing gene expression of AMPK-a1 in muscle by RT-

PCR. Lane M, PCR marker at 100 pb; lane 1, normal control; lane 2,

high-fat fed group; lane 3, high-fat fed rats treated with fenofibrate; lane

4, high-fat fed rats treated with fish oil. (b) Effect of fenofibrate and fish

oil on concentration of PCR products of gene expression of AMPK-a1 in
muscle in high-fat fed rats. Values are expressed as mean ± SD, n = 10,
#P < 0.001 compared with normal control group, *P < 0.001 compared

with high-fat fed group, ‡P < 0.05 compared with fenofibrate-treated

group.
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compared with normal rats. Fenofibrate and n-3 PUFAs
significantly induced the gene expression of CPT-1 by up to
87.4 and 56%, at P < 0.001, respectively, as compared with
the high-fat fed group. The key enzyme ofb-oxidation, CPT-1,
was significantly correlated with AMPK-a1 in liver and
skeletal muscle (r, 0.876 and 0.833, respectively, P < 0.001).
Obese rats administered fenofibrate showed a significant
increase in the level of CPT-1 mRNA compared with n-3
PUFA-treated rats at P < 0.05.

Determination of serum free fatty acid level

A significant increase of 110% in fatty acid synthesis, one of
the energy consuming pathways, was estimated in the high-
fat diet fed rats as compared with normal control rats at
P < 0.001. Nevertheless, fenofibrate and n-3 PUFAs demon-
strated significant (P < 0.001) decreases by up to 53.6 and
46.3%, respectively, in comparison with obese control rats.
Furthermore, the potential effect in decreasing the serum free
fatty acid level was attributed to fenofibrate as compared
with n-3 PUFAs at P < 0.05 (Figure 5). Moreover free fatty
acid showed a higher significant negative correlation with

hepatic AMPK-a1 as compared with muscle AMPK-a1
(r, -0.755 and -0.657, respectively, P < 0.001).

Discussion

High fat feeding altered the AMPK-a1 signalling pathway in
muscle and liver. Nevertheless, further altering of AMPK
activity in diet-induced obesity could have therapeutic effects
because AMPK activators have been shown to cause weight
loss in some obese rodent models. Those data suggested that
AMPK may be a key player in the development of new
treatments for obesity and type 2 diabetes mellitus.[15,21]

PPAR-a is expressed predominantly in liver and, to a
lesser extent, in heart, skeletal muscle, and kidney, where it
appears to play a crucial role in intracellular lipid
metabolism.[22,23] The activation of PPAR-a upregulates
the expressions of several catabolic enzymes that are
involved in mitochondrial and peroxisomal b-oxidation.
PPAR-a agonists fundamentally regulate b-oxidation of
fatty acids, and the n-3 PUFAs and fenofibrate are well
known activators of PPAR-a.[24,25]
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Figure 3 Determination of PPAR-a in liver. (a) Agarose gel

electrophoresis showing gene expression of PPAR-a by RT-PCR.

Lane M, PCR marker at 100 pb; lane 1, normal control; lane 2, high-fat

fed group; lane 3, high-fat fed rats treated with fenofibrate; lane 4, high-

fat fed rats treated with fish oil. (b) Effect of fenofibrate and fish oil on

concentration of PCR products of gene expression of PPAR-a in high-fat

fed rats. Values are expressed as mean ± SD, n = 10, #P < 0.001

compared with normal control group, *P < 0.001 compared with high-fat

fed group, ‡P < 0.05 compared with fenofibrate-treated group.
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Since Suchankova et al.[17] demonstrated that AMPK was
the mediator of action of PUFAs and because PPAR-a
agonists participated with AMPK in possessing the same
properties, as ‘fuel partitioners’ via their unique ability to
partition fatty acid away from lipid synthesis towards fatty
acid oxidation, it led us to suppose that fenofibrate may also
regulate AMPK as a mediator of its action. Our study
demonstrated significant correlation between mRNA expres-
sion of PPAR-a and AMPK-a1 in liver. Recent studies
showed that PUFAs and fenofibrate could regulate CPT-1
mRNA expression.[26,27] Accordingly, supplementation of
obese rats with the PPAR-a agonists induced significant
weight reduction in response to increased hepatic CPT-1
mRNA expression; these mechanisms are thought to be
mediated through stimulation of hepatic AMPK, since a
parallel increase was observed between stimulation of both
mRNA expression of PPAR-a and AMPK-a1 in liver. In
corroboration with our results, Suchankova et al.[17] reported
that the natural ligand of PPAR-a receptors, fish oil, enriched
with n-3 PUFA, enhanced hepatic AMPK activity in vivo,
and implicated AMPK as a component of the nutrient-
sensing mechanism through which n-3 PUFA influenced the
regulation of hepatic lipid metabolism and gene expression.
Others have documented that constitutive expression of
hepatic AMPK-a1 completely abrogated the effects of
glucose to increase the levels of mRNAs encoding lipogenic
enzymes, and estimated that hepatic activation of AMPK
would appear as an efficient silencer of lipogenic gene
expression.[6] Moreover, recent evidence documented that
chronic activation of AMPK-a1 in liver led to decreased
adiposity in mice; indeed, both of the PPAR-a agonists
recorded hypolipidaemic effect through decreased tri-
acylglycerol output and marked weight reduction.[28] How-
ever, fenofibrate ingestion induced more activation of
hepatic AMPK-a1 and PPAR-a than fish oil to cause more
weight reduction, but the reduction was not significant.
Fenofibrate was superior in switching on ATP consuming

pathways, whereas enhanced free fatty acid oxidation
through increased CPT-1 mRNA expression and decreased
serum levels of free fatty acid were observed.

High-fat diet supplementation resulted in hyperglycaemia
due to elevated plasma free fatty acid levels and decreased
intracellular free fatty acid oxidation, as revealed by
increased serum levels of free fatty acid and decreased
expression of CPT-1 mRNA.[29] McGarry[30] documented
that accumulation of free fatty acid in insulin target organs
led to insulin resistance and type 2 diabetes mellitus.
Actually our laboratory recorded in a previous study that
feeding rats with a high-fat diet for 16 weeks caused type 2
diabetes mellitus and insulin resistance.[31] Desvergne and
Wahli[14] reported that acute elevation of free fatty acid
moderately stimulated insulin release, and chronic exposure
to free fatty acid impaired insulin secretion through
stimulation of b-oxidation.[32] PPAR-a agonists might
decrease tissue lipid content, thus preventing lipid accumu-
lation and toxicity.[33] Both PUFA and fenofibrate recorded
significant hypoglycaemic effects but n-3 PUFA was more
potent than fenofibrate in stimulation of AMPK-a1 in
skeletal muscle to reflect a more efficient hypoglycaemic
effect. Skeletal muscle is a principal site of glucose and free
fatty acid use, and is one of the primary tissues responsible
for insulin resistance in obesity and type 2 diabetes mellitus.
Activation of skeletal muscle AMPK now offers a new
approach to combating insulin resistance by promoting
glucose uptake and reducing lipid synthesis and ATP
consuming pathways.

Barnes et al.[8] demonstrated that the obesity related type
2 diabetes mellitus in the Zucker fatty rat was associated with
an isoform-specific impairment in AMPK-a1 activation in
skeletal muscle in response to contraction.[9] Uptake of
glucose into skeletal muscle accounts for >70% of glucose
disposal, so this process is of paramount importance for
normal glucose homoeostasis.[34,35] Moreover, glucose
uptake into skeletal muscle is markedly inhibited in subjects
with type 2 diabetes mellitus in vivo and in skeletal muscle
isolated from patients with diabetes.[36,37] Glucose uptake is
stimulated both by insulin, largely through the recruitment to
the plasma membrane of the glucose transporter Glut4, and
during muscle contraction by an insulin-independent
mechanism.[38–40] AMPK may play an important role in
Glut4 translocation to the cell surface, at least in the response
to exercise.[41,42] Furthermore, the action of a ‘hepatoportal
vein glucose sensor’, which appears to mediate an insulin-
independent uptake of glucose into muscle following
increases in the portal glucose concentration after a meal,
requires the presence of AMPK in muscle.[43,44]

Conclusions

PPAR-a agonists, either natural as fish oil or synthetic as
fenofibrate, could efficiently activate AMPK-a1 mRNA
expression in skeletal muscle and liver. Fish oil was superior
to fenofibrate in its induction of AMPK-a1 mRNA in
skeletal muscle to reveal its hypoglycaemic effect, however
fenofibrate showed a marked effect on weight reduction.
Fenofibrate activated hepatic AMPK-a1 more than fish oil.
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