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Abstract. – BACKGROUND AND OBJECTIVES:
Non-alcoholic fatty liver disease (NAFLD) is one
of the most common metabolic syndromes and
is characterized by the accumulation of hepatic
triglycerides (TG), which result from an imbal-
ance between uptake, synthesis, export, and oxi-
dation of fatty acids. Curcumin is a polyphenol
derived from the herbal remedy and dietary
spice turmeric, was found to prevent obesity and
diabetes in mouse models. However, a hypolipi-
demic effect of curcumin in oleic acid- induced
hepatocarcinoma cells has not been reported. In
this study, we examined the effect of curcumin
on reducing lipid accumulation in hepatic cells.

MATERIALS AND METHODS: Hepatocytes
were treated with oleic acid (OA) containing
with or without curcumin to observe the lipid
accumulation by Oil Red O stain.We also tested
the effects of curcumin on triglycerides (TG)
and total cholesterol (TC) in HepG2 cells. West-
ern blot and reverse transcription polymerase
chain reaction (RT-PCR) was used to measure
sterol regulatory element binding proteins-1
(SREBP-1), fatty acid synthase (FAS), peroxi-
some proliferator-activated receptor (PPAR)-αα,
and adenosine 5’-monophosphate (AMP)-acti-
vated protein kinase (AMPK) expression.

RESULTS: Curcumin suppressed OA-induced
lipid accumulation and TG and TC levels. Also,
curcumin decreased hepatic lipogenesis such
as SREBP-1, and FAS. Besides, we also found
out the antioxidative effect of curcumin by in-
creasing the expression of PPARαα. Curcumin
increased AMPK phosphorylation in hepato-
cytes.

CONCLUSIONS: These results indicated that
curcumin has the same ability to activate AMPK
and then reduce SREBP-1, and FAS expression,
finally leading to inhibit hepatic lipogenesis
and hepatic antioxidative ability. In this report,
we found curcumin exerted a regulatory effect
on lipid accumulation by decreasing lipogene-
sis in hepatocyte. Therefore, curcumin extract
may be active in the prevention of fatty liver.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is
characterized by hepatic fat accumulation in the ab-
sence of significant ethanol consumption. NAFLD
is now recognized as the most common and emerg-
ing chronic liver disease in western countries and is
now spreading rapidly to other parts of the world1-3.
NAFLD is characterized by the accumulation of he-
patic triglycerides (TG), which result from an im-
balance between uptake, synthesis, export, and oxi-
dation of fatty acids4. Approximately 20-30% of
adults are estimated to have excess liver fat accu-
mulation in a normal population5. It has been con-
sidered that increased free fatty acids (FFA) sup-
plied to the liver play a major role in the early stage
of NAFLD6. Studies have shown that sterol regula-
tory element-binding proteins (SREBPs) regulate
lipid metabolism7. SREBP-1c plays an essential
role in the regulation of lipogenesis involved in fat-
ty acid and TG synthesis8-10.
It has also been shown that peroxisome prolifer-

ator-activated receptors (PPARs)- ligand-activated
nuclear receptors-mediate the critical transcrip-
tional regulation of genes associated with lipid
homeostasis11. Especially, PPAR-α is most abun-
dantly expressed in the liver and has the effect of
diminishing circulating triglycerides and increas-
ing high dense lipoprotein (HDL) cholesterol12. 
The adenosine monophosphate (AMP)-activat-

ed protein kinase (AMPK) plays a key role in en-
ergy homeostasis and it has been proposed to
monitor changes in the energy status of cells13.
The activation of AMPK by pharmacological
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isome proliferator activated receptor (PPAR)-α,
sterol regulatory element binding protein (SREBP)
and fatty acid synthase (FAS) antibodies were ob-
tained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Anti-pThr172-AMPK and anti-AMPK
antibodies were purchased from Cell Signaling
Technology (Beverly, MA, USA). 

Cell Culture
Human hepatoma HepG2 cells were obtained

from American Type Culture Collection and
grown in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine
serum (FBS), 100 µg/mL penicillin, 100 µg/mL
streptomycin, and 2 mM L-glutamine (HyClone®,
Thermo Scientific, Logan, UT, USA). The cells
were cultured at 37°C in a humidified atmosphere
of 95% air to 5% CO2.

Cytotoxicity Assay
The cell viability was examined by a 3-(4,5-

dimethylthiazol-2-yl) -5-(3 carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS)
assay. Briefly, HepG2 were seeded at a density of
1 × 105 cells/mL in 96-well plates (Nunc, A/S,
Roskilde, Denmark). To determine the non-toxic
concentration for cells, curcumin (1, 5, 10, 25,
and 50 µM) was then added to each well. The
plates were then incubated for 24 h at 37°C un-
der 5% CO2. The MTS solution (5 mg/mL) was
added to each well and the cells were cultured
for another 2 h, after which the optical density
was read at 490 nm. Cytotoxicity was then calcu-
lated using the formula: 1-(mean absorbance val-
ue of treated cells/mean absorbance value of un-
treated cells). 

Oil Red O Stain
For examination of fat accumulation in

HepG2 cells, the cells were treated for 24 h
with curcumin. The cells were rinsed with cold
phosphate buffered saline (PBS) and fixed in
10% paraformaldehyde for 30 min. After the
cells were washed with 60% isopropanol, the
cells were stained for at least 1 hour in a freshly
diluted Oil Red O solution (six parts Oil Red O
stock solution and four parts H2O; Oil Red O
Stock solution is 0.5% Oil Red O in iso-
propanol). After the stain was removed and the
cells were washed with 60% isopropanol, the
image of each group was photographed. The
stained lipid droplets were then extracted with
isopropanol for quantification by measuring its
absorbance at 490 nm.

agents presents a unique challenge, given the
complexity of the biology, but holds a consider-
able potential to reverse the metabolic abnormali-
ties14. In skeletal muscles, AMPK stimulates glu-
cose transport and fatty acid (FA) oxidation. In
the liver, it decreases glucose output, leading to
lowering blood glucose levels in hyperglycemic
individuals15. AMPK may play a key role in regu-
lating the activation of SREBP-1 and
lipogenesis16. The process of hepatic stellate cells
activation is accompanied by depletion of intra-
cellular lipid droplets, loss of lipid storage capac-
ity, and suppression of expression of transcrip-
tion factors, including SREBP-1, FAS17,18. 
Dietary fat is one of the most important envi-

ronmental factors associated with the incidence
of NFLD. Recent studies on fatty liver in food
science have focused on the searching for func-
tional food ingredients or herbal extracts that can
suppress the accumulation of hepatic lipid. Cur-
cumin is a polyphenol derived from the herbal
remedy and dietary spice turmeric, was found to
prevent obesity and diabetes in mouse models19.
Recently studies, curcumin may exert its benefi-
cial effects via reducing insulin and leptin resis-
tance, attenuating inflammatory cytokine expres-
sion, accelerating fatty acid oxidation, as well as
increasing antioxidant enzyme expression20. 
The purposes of this study were to further elu-

cidate the underlying mechanisms, focusing on
the effects of curcumin in oleic acid- induced he-
patoma cells regulating the levels of intracellular
lipids. Results in this report supported our initial
hypothesis that one of the mechanisms by which
oleic acid stimulated human hepatoma HepG2
cells activation was to stimulate the depletion of
intracellular lipids. The oleic acid stimulatory ef-
fect was eliminated by curcumin by activating
AMPK activity, leading to the induction of ex-
pression of genes relevant to lipid accumulation,
the elevation of the level of intracellular lipids,
and the inhibition of HepG2 activation.

Materials and Methods

Materials
Curcumin used in this study was purchased from

Sigma-Aldrich (St. Louis, MO, USA). The Oil red
O, oleic acid and atorvastatin were purchased from
Sigma-Aldrich. The 3-(4, 5-dimethylthiazol-2-yl) -
5-(3 carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium (MTS) was purchased from
Promega (Madison, WI, USA). Anti-β-actin, perox-
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ies. The proteins were then supplemented with
ECL prime Western blotting detection reagents
(GE Healthcare) and ImageQuant LAS 4000 Mi-
ni Biomolecular Imager (GE Healthcare, Cleve-
land, OH, USA) was used for evaluating bands. 

Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR) Analysis
Total-RNA was isolated using an easy-BLUE

total-RNA extraction kit according to the manufac-
turer’s instructions. Single-strand cDNA synthesis
was performed as described previously using 5 µg
of RNA, oligo(dt) 15 primers and reverse transcrip-
tase in a total volume of 50 µl. PCR reactions were
performed in a total volume of 20 µL comprising 2
µL of cDNA product, 0.2 mM of each dNTP, 20
pmol of each primer, and 0.8 units of Taq poly-
merase. Primer sequences for glyceraldehyde
phosphate dehydrogenase (GAPDH), SREBP1,
FAS, and PPARα were performed as described
Table I. The PCR products increased as the con-
centration of RNA increased. Finally, the products
were electrophoresed on a 2.0% agarose gel and
visualized by staining with ethidium bromide.

Statistical Analysis
Statistical analysis was performed using one-

way analysis of variance (ANOVA) followed by
Dunnett’s t-test for multiple comparisons. The
data from the experiments are presented as
means ± SEM p < 0.05 was considered statisti-
cally significant.

Results

Cytotoxicity of Oleic Acid and Curcumin
in HepG2 cells
To evaluate the effects of oleic acid (OA) and

curcumin on the cell viability of human HepG2

cDNA Sequences

cDNA Sequences
hSREBP1 forward 5’-GTGGCGGCTGCATTGAGAGTGAG-3’

revers 5’-AGGTACCCGAGGGCATCCGAGAAT-3’
hFAS forward 5’-CAAGAACTGCACGGAGGTGT-3’

revers 5’- AGCTGCCAGAGTCGGAGAAC-3’
hPPARα forward 5′-CCTCTCAGGAAAGGCCAGTA-3′

revers 5′-TCCACAGCAAATGATAGCAG-3′
hGAPDH forward 5’-TCCACCACCCTGTTGCTGTAAG-3’

revers 5’-GTACCCGAGGGCATCCGAGAAT-3’

Table I. Sequences of oligonucleotide primers designed for PCR.

Measurement of Lipid Levels
Levels of triglycerides (TG) and total choles-

terol (TC) in HepG2 cells were quantified by a
kit method (BioVision, Mountain View, CA,
USA) as per the manufacturer’s instructions.

Western Blot Analysis
Protein expression was assessed by western

blot analysis according to standard procedures.
The HepG2 cells were cultured in 6-well plate (5
× 105 cells/mL) and pretreated with various con-
centrations of curcumin (1, 5, and 10 µM). After
1 h the cells were OA-induced (0.5 mM), and
then incubated at 37°C. After 24 h incubation,
the cells were washed twice in PBS. The cell pel-
lets were resuspended in lysis buffer on ice for
20 minutes, and the cell debris was removed by
centrifugation (13,000 rpm, 10 min, 4°C). The
protein concentrations were determined using the
Bio-Rad protein assay reagent (Bio-Rad Labora-
tories, Hercules, CA, USA) according to the
manufacturer’s instructions. Equal amounts of
protein (20 µg) were subjected to sodium dodecyl
sulphate polyacrylamide gel (SDS-PAGE) elec-
trophoresis and then transferred onto a
polyvinylidene membrane (Millipore, Bedford,
MA, USA). The membrane was blocked with 5%
nonfat milk in Tris-buffered saline with Tween
20 buffer (150 mM NaCl, 20 mM Tris-HCl, and
0.05% Tween 20, pH 7.4). After blocking, the
membrane was incubated with primary antibod-
ies for 18 h. Antibodies against AMPK, phospho-
AMPK were purchased from Cell Signaling
Technology (Beverly, MA, USA), and fatty acid
synthase (FAS), SREBP-1c, PPARα, and ß-actin
antibodies were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). The
membrane was then washed with Tris-buffered
saline with Tween 20 and incubated with anti-
mouse or anti-rabbit immunoglobulin G horse-
radish peroxidase-conjugated secondary antibod-
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Figure 1. Cytotoxicity of oleic acid and curcumin in
HepG2 cells. HepG2 cells were treated with indicated
concentrations of OA atorvastain and curcumin for 24 h.
The viability of HepG2 cells was determined by MTS as-
say. CUR = curcumin, ATS = atorvastain. The result was
presented as mean ± SD of 3 independent experiments.

A

B

Figure 2. Effects of curcumin on intracellular lipid ac-
cumulation in HepG2 cells. HepG2 cells were treated
with indicated concentrations of statins or curcumin in
the presence of OA for 24 h. Cells were stained with Oil
Red O (A), and analyzed by spectrophotometer (B).
Quantitative assessment of the percentage of lipid accu-
mulation. The average of 3 independent experiments.
CUR = curcumin, ATS = atorvastain. The result was ex-
pressed as mean ±SD. ∗ p < 0.05. 

and atorvastatin in the presence of OA for 24 h.
Then cells were stained with Oil Red O and
quantified by measuring its absorbance at 490
nm. Both curcumin and atorvastatin stimulations
weakened OA-mediated Oil Red O stains in a
dose-dependent manner (Figure 2A). The quanti-
tative data of Oil Red O stains displayed 1, 5, and
10 µM curcumin stimulations, 25%, 26%, and
34% reduction of lipid accumulation were ob-
served (Figure 2B). Hence, 50 µM ATS could re-
duce 35% of lipid accumulation. 

Effects of Curcumin on TG and 
TC Levels in HepG2 cells
Further analyzing the effect of curcumin on

OA-induced lipid accumulation was measured of

cells, an MTS assay was conducted. Due to the
fact that OA can induce cell apoptosis and reduce
cell viability when the concentrations of OA are
over 1 mM, the effects of OA on the intracellular
lipid accumulation of HepG2 cells were mea-
sured at a concentration range below 500 µΜ
(data not shown). Curcumin treatment of HepG2
cells resulted in slight inhibition of cell growth at
25 µΜ and over. Our data indicated that concen-
trations of 1, 5 and 10 µΜ curcumin are not cyto-
toxic to HepG2 cells. We used OA (500 µΜ) pre-
treated with curcumin or atorvastatin to investi-
gate the cell viability in HepG2 cells. Our data
indicated that OA pretreated with curcumin (1, 5
and 10 µΜ) or atorvastatin (50 µΜ) are not cyto-
toxic to HepG2 cells (Figure 1B). Herein, ator-
vastatin, a class of drugs that lowers cholesterol
level in human, was used as a positive control.

Effects of Curcumin on Intracellular Lipid
Accumulation in HepG2 cells
To verify the inhibition of curcumin of OA-in-

duced lipid accumulation, HepG2 cells were
treated with indicated concentrations of curcumin



HepG2 cells at the mRNA and protein levels
(Figure 4). As shown in Figure 4A and 4B, cur-
cumin decreased expression of genes and pro-
teins involved in lipogenesis (SREBP-1c, and
FAS). Conversely, curcumin increased expression
of gene and protein involved in PPARα. These
results suggest that curcumin reduces hepatic
lipid accumulation in two ways: down regulating
lipogenic proteins and up regulating proteins in
β-oxidation pathway.

Effects of Curcumin on AMPK Activity 
in HepG2 cells
AMPK is a key regulator of fatty acid oxida-

tion and lipogenesis in metabolic tissues. The
change of AMPK activity in HepG2 cells is
strongly associated with intracellular lipid metab-
olism. So, to investigate the effects of curcumin
on the phosphorylation of AMPK, HepG2 cells
were treated with OA (500 µΜ), and co-incuba-
tion with curcumin (1, 5 and 10 µΜ) for 24 h. As
shown in Figure 5, curcumin (5 and 10 µΜ) stim-
ulated AMPK threonine 172 phosphorylation.

Discussion

In recently studies, naturally occurring chemi-
cal substances derived from plants have been of
interest as therapeutic interventions in several
metabolic diseases. They serve as template mole-
cules for the development of new drugs. These
molecules interfere with three key processes in-
volved in the lipid metabolism. Curcumin is the
principal curcuminoid of the popular Spice-
Turmeric utilized in Indian and other South Asia
countries, which is a member of the ginger fami-
ly. This plant polyphenolic compound has anti-
tumor, anti-proliferative, anti-oxidant, and anti-
inflammatory properties20. Since the last decade,
a few clinical trials have been conducted, show-
ing the therapeutic effects of curcumin on vari-
ous cancers and Alzheimer’s disease21. The anti-
adipogenic effect of curcumin was then demon-
strated in the 3T3-L1 cell model by other
groups22,23. Some studies showed that curcumin
did not reduce the effects of hepatic ischemia
reperfusion injury on the liver and distant organs
including kidneys and lungs significantly24. How-
ever, the mechinsim study was not poor about
oleic acid-induced Human hepatoma cells model,
although curcumin supplementation decreased
NF-κB level and prevents fatty acid accumula-
tion in the liver25,26. Here, we attempted to exam-

2582

O.H. Kang, S.B. Kim, Y.S. Seo, D.K. Joung, S.H. Mun, J.G. ChoI, Y.M. Lee, D.G. Kang, H.S. Lee, D.Y. Kwon

Figure 3. Effects of curcumin on TG and TC Levels in
HepG2 cells. Cellular TG (A) and TC (B) was induced by
500 µM OA and cells were treated with indicated concen-
trations of curcumin and statin in the presence of OA for
24 h. Total intracellular triglyceride was analyzed using
enzymatic colorimetric method. CUR = curcumin, ATS =
atorvastain. The result was expressed as mean ± SD = 3,
*p < 0.05. OA as control (cells treated with OA only).

TG level in HepG2 cells. In the Figure 3A, 50
µM atorvastatin reduced TG level in OA-pre-
treated cells about 30%, respectively. But treating
with 1, 5 and 10 µM of curcumin resulted in 6%,
31% and 40% reduction in TG. TC levels were
displayed 1, 5, and 10 µM curcumin, 16%, 23%,
and 30% reduction in dose dependent.

Effects of Curcumin on Hepatic Lipid 
Accumulation and Protein and mRNA 
Expression 
To determine the mechanism by which cur-

cumin reduced hepatic lipid accumulation, West-
ern blot analysis and RT-PCR were performed to
evaluate expression of genes important in lipid
metabolism. Genes involved in lipogenesis and
fatty acid β-oxidation (SREBP-1c, FAS, and
PPARα), significantly increased in OA-induced

A

B
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and 10 µΜ concentration of curcumin, respec-
tively, as compared to OA treatment. Especially,
pretreatment of curcumin (5 and 10 µM) inhibit-
ed OA-induced triglyceride levels and total cho-
lesterol.
Lipid accumulation in liver may be caused by

enhanced de novo lipogenesis, activation of lipid
uptake, and lowering of lipid catabolism. FAS is
key enzymes in de novo fatty acid and TG syn-
thesis in mammals. SREBP-1 is well known as
the transcription factor regulating the gene ex-
pression of these lipogenic enzymes in the liver8.
FAS is known to be SREBP-1 were changed by
curcumin (Figure 4). These results indicate that
the effect of curcumin on OA-induced hapatic li-
pogenesis in HepG2 cells is associated with de-
creased expression of SREBP-1 and its down-
stream lipogenic genes. Numerous studies have
indicated that activation of AMPK effectively
suppresses the expression of SREBP-1 in the liv-
er27. In our study, curcumin treatments increase
AMPK phosphorylation (Figure 5) There are sev-
eral reports demonstrate AMPK plays a key role
in regulating carbohydrate and fat metabolism,
serving as a metabolic master switch response to
alterations in cellular energy charge28. In fact, ac-
tivation of AMPK has been to validate a strategy
for liver steatosis therapy29. Previous studies indi-
cated that polyphenolic extracts from plenty of
plants can activate AMPK and suppress FAS ex-
pression because it prevents SREBP-1 transloca-
tion to the nuclei30-32. In this report, we found
curcumin has the same ability to activate AMPK
and then reduce SREBP-1 expression, finally
leading to inhibit hepatic lipogenesis. Other stud-
ies showed fatty acid directly affected some gene
expression through regulating transcription fac-
tors, including PPAR and SREBP-133. According
to the result, we confirmed curcumin could de-
crease lipid synthesis and increase fatty-acid oxi-
dation through activating p-AMPK and PPAR-α,
which further inhibit protein expression in
SREBP-1 and lead to the reduction of the tran-
scription activity of FAS.

Conclusions

We prove curcumin not only reduce lipid accu-
mulation but also had good antioxidant capacity.
We also propose AMPK is pivotal in shutting
down the anabolic pathway and promoting catab-
olism by up-regulating PPARα and down-regu-
lating the activity of key enzymes in lipid metab-
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Figure 5. Effects of curcumin on AMPK phosphorylation
in HepG2 cells. HepG2 cells were pretreated 500 µM OA
and then incubated with indicated concentrations of cur-
cumin for 24 h. AMPK phosphorylation (pThr-172-AMPK)
was detected by Western blot analysis. The numbers below
the panels represent quantification of the immunoblot by
densitometry. CUR = curcumin, ATS = atorvastain. The re-
sult from 3 independent experiments was expressed as mean
± SD. *p < 0.05.

ine the hepatic hypolipidemia effect and possible
mechanism of curcumin on hepatic lipid metabo-
lism. Generally, hepatic hypolipidemic mecha-
nism highly related to expression of lipogenic en-
zyme, cholesterol biosynthesis, TG biosynthesis,
and fatty acid β-oxidation in HepG2 cells.
HepG2 cells were derived from a human hepato-
blastoma that is free of known hepatotropic
virus. Use of a hepatoblastoma in the model of
lipid metabolism is ambiguous. In our prelimi-
nary study, HepG2 cells were used to detect the
lipid accumulation after OA exposure. For fur-
ther experiment we tested the effect of curcumin
on lipid homeostasis. Herein, atorvastatin a class
of drugs that lowers cholesterol level in human
was used as a positive control. Meanwhile, to
avoid cytotoxicity, the viability of cells treated
with various concentrations of curcumin was de-
termined by MTS assay (Figure 1). We first ana-
lyzed the development of lipid accumulation in
an in vitro model of hepatic steatosis. As shown
in Figures 2 and 3, OA treatment alone caused a
significant increase in lipid accumulation. And
levels of lipid accumulation were reduced in 1, 5



olism, such as, SREBP-1c and FAS. Consequent-
ly, curcumin suppresses fat accumulation of the
liver and could be developed as a potential thera-
peutic treatment to reduce the formation of a fat-
ty liver.
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