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Abstract

Excessive lipid accumulation in the liver has been proposed to cause hyperlipidemia, diabetes
and fatty liver disease. 4-Hydroxyderricin (4HD), xanthoangelol (XAG), cardamonin (CAR)
and flavokawain B (FKB) are chalcones that have exhibited various biological effects against
obesity, inflammation, and diabetes; however, little is known about the inhibitory effects of
these chalcones on fatty liver disease. In the present study, we investigated the ability of 4HD,
XAG, CAR, and FKB to reduce lipid accumulation in hepatocytes. When HepG2 cells were
treated with a mixture of fatty acids (FAs; palmitic acid:oleic acid = 1:2 ratio), significant
lipid accumulation was observed. Under the same experimental conditions, addition of
chalcones at 5 uM significantly suppressed the FA-induced lipid accumulation. We found the
expression of sterol regulatory element-binding protein-1 (SREBP-1), a key molecule
involved in lipogenesis, was decreased in these chalcone-treated cells. We also found that
these chalcones increased the expression of peroxisome proliferator-activated receptor o
(PPARa), which is involved in FA oxidation. Moreover, these chalcones increased
phosphorylation of AMP-activated protein kinase (AMPK) and liver kinase B1 (LKBI1),
upstream regulators of SREBP-1 and PPARa. We confirmed that an AMPK inhibitor,
compound C, reversed chalcone-induced changes in SREBP-1 and PPARa expression in the
HepG2 cells. Collectively, we found that 4HD, XAG, CAR, and XAG attenuated lipid

accumulation through activation of the LKB1/AMPK signaling pathway in HepG2 cells.
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Introduction

The liver is an important organ that maintains whole-body energy homeostasis
through metabolizing fatty acids (FAs) and glucose." Nonalcoholic fatty liver disease
(NAFLD) is one of the most common liver diseases worldwide, characterized by hepatic lipid
accumulation in the absence of significant ethanol consumption. It encompasses a broad
spectrum of liver diseases, ranging from hepatic steatosis to steatohepatitis, and later,
progression to cirrhosis.” Several studies suggest that excessive intake of calories, visceral
obesity, and insulin resistance burden liver function and are important risk factors for
developing NAFLD.? Over-accumulation of lipids in hepatocytes is currently recognized as
the most common cause of chronic liver disease and a factor for increased risk of other
diseases.*’

Lipid accumulation in the liver is caused by increased de novo lipogenesis and
decreased lipid catabolism. Studies have shown that sterol regulatory element-binding
protein-1 (SREBP-1) regulates lipid metabolism. SREBP-1 plays an essential role in the
regulation of lipogenesis by stimulating FA and triglyceride synthesis.®’ It is also known that
peroxisome proliferator-activated receptors (PPARs), which are ligand-activated nuclear
receptors, mediate the critical transcriptional regulation of genes associated with lipid
homeostasis.® PPARa is most highly expressed in the liver. It diminishes circulating
triglycerides, prevents hepatic steatosis, and is involved in increasing hepatic FA oxidation.’
Evidence indicates that AMP-activated protein kinase (AMPK) is involved in regulating
hepatic lipogenesis.10 Activation of hepatic AMPK attenuates FA synthesis and promotes FA
oxidation.'" '* Recent studies revealed that liver kinase B1 (LKB1) is one of the important
upstream kinases of AMPK.'*'* LKB1 can activate AMPK by phosphorylation at Thr172 in
mammalian cells. This activation of AMPK leads to the phosphorylation and inhibition of

acetyl-CoA carboxylase activity and an increase in FA oxidation. "* It was also reported that
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activated AMPK interacted with SREBP-1 and inhibited its transcriptional activity, leading to
reduced lipogenesis and lipid accumulation.'® Thus, AMPK should be a therapeutic target for
treating fatty liver disease. Mitogen-activated protein kinase (MAPK) signaling occurs in
response to almost any change in the extracellular or intracellular milieu that affects the
metabolism of the cell, organ or the entire organism.'” MAPKs play an important role in
cellular metabolism, including regulating insulin signaling and adipocyte development, as
well as hepatic lipid metabolism.'”°

Chalcones are present in various plants and have a variety of health-promoting
effects. Several synthetic chalcones have also shown themselves biologically active.” »
4-Hydroxyderricin (4HD) and xanthoangelol (XAG) are two chalcones from Angelica keiskei
Ashitaba, a Japanese herb that is used as a traditional medicine. The chalcones in this herb

24,25 . .26
* = inflammation,” and

were reported to exert various biological effects against tumors,
diabetes.”” *® The chalcone cardamonin (CAR) is one of the main constituents of the seeds of
Alpinia katsumadai Hayata, traditionally used in China as a herbal antiemetic and stomachic
drug.” Flavokawain B (FKB), a 4’-O-methylated analog of CAR, is an active component of
Alpia pricei Hayata and Kava. CAR and FKB also demonstrated antioxidant,
anti-inflammatory, antidiabetic, and other important therapeutic activities.”*** The
a,B-unsaturated carbonyl moiety in 4HD, XAG, CAR, and FKB might play an important role
in their biological activity, because this moiety is known to regulate cellular functions,
including the nuclear factor E2-related factor-2/Kelch-like ECH-associated protein system.33
Different from hepatocytes, lipid accumulation in the adipocytes is deeply involved in balance
between differentiation-dependent lipid accumulation and lipid catabolism such as lipolysis
and lipid oxidation.  Adipocyte-specific  transcription factors, PPARy and

CCAAT/enhancer-binding proteins (C/EBPs) are known to be the master regulators of

adipocyte differentiation.*® ** Our recent study showed that 4HD and XAG strongly inhibited
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adipocyte differentiation by reducing expression of the adipocyte-specific transcription
factors.’® However, the inhibitory effects on hepatic steatosis are as yet unknown.

In this study, we first aimed to define an in vitro experimental model of hepatic
steatosis without cytotoxicity using unsaturated and saturated FAs in human HepG2 cells.
Palmitic and oleic acid mixture-induced steatosis causes apoptosis in hepatocyte cell
cultures,?’7 but monounsaturated FAs were less toxic in hepatocytes, as seen with other cell
lines,™ and were able to prevent/attenuate palmitic toxicity.”’ “ Thus, we investigated the
appropriate ratio of palmitic and oleic acid mixture to generate an experimental model of
hepatic steatosis without cytotoxicity. We then used this model to investigate the preventive
effect of 4HD, XAG, CAR, and FKB on FAs-induced lipid accumulation. To clarify the
underlying molecular mechanisms, we further investigated the effects of chalcones (4HD,
XAG, CAR, and FKB) on the expression of SREBP-1 and PPARa, and the phosphorylation of

LKB1, AMPK, and MAPKs.

Materials and methods
Reagents

4HD and XAG were purified from “Ashitaba Chalcone Powder,” a commercial
product of Japan Bio Science Laboratory (Osaka, Japan). CAR was isolated from the seeds of
A. katsumadai Hayata, and FKB was synthesized by direct aldol condensation of
acetophenone with benzaldehyde, as previously described.*! The chemical structures of these
compounds are shown in Fig. 1. The substrate for the cell proliferation reagent WST-1 was
purchased from Roche Diagnostics (Mannheim, Germany). Antibodies for PPARa,
horseradish peroxidase-conjugated anti-rabbit IgG, anti-mouse IgG, and anti-goat IgG were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA), B-actin, p-AMPK, AMPK,

p-LKB1, LKB, p-ERK1/2, ERK1/2, p-JNK, JNK, p-p38 and p38 were from Cell Signaling
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Technology (Beverly, MA, USA), and SREBP-1 was from Abcam (Cambridge, MA, USA).
Palmitic acid, oleic acid, linoleic acid, and linolenic acid were purchased from Wako (Osaka,
Japan), and stearic acid was purchased from Sigma (St. Louis, MO, USA). Bovine serum

albumin (BSA) was from Nakarai Tesque (Kyoto, Japan).

Cell culture

HepG2 cells were cultured in Dulbecco’s modified Eagle’s medium (Nissui
Pharmaceutical, Tokyo, Japan) containing 10% fetal bovine serum (Sigma), 4 mM
L-glutamine, 100 units/mL penicillin, and 100 pg/mL streptomycin under a humidified
atmosphere of 95% air and 5% CO, at 37 °C. The cells were grown to 80% confluence and
incubated in serum-free medium overnight before treatment. The cells were simultaneously
exposed to FAs and treated with various concentrations of chalcones (4HD, XAG, CAR, or
FKB) or vehicle (DMSO) for 24 h. A stock solution of each FA was dissolved in 99% MeOH

and diluted in culture medium containing 1% BSA to obtain the desired final concentrations.

Cell viability assay

Cell viability was determined using a WST-1 assay. To detect the effects of FAs on
HepG?2 cell viability, the cells were treated with each FA at 0.5 or 1 mM for 24 h. To detect
the effects of chalcones on HepG2 cell viability, the cells were treated with each chalcone at 1,
5, 10, and 20 pM or DMSO alone as a vehicle control (final concentration, 0.25%) for 24 h in
culture medium. The cells were incubated with WST-1 reagent in DMEM medium for 2 h.
The absorbance of the medium was measured at 450 nm with a reference wavelength of 630

nm using a Wallac multilabel counter (1420 ARVO Sx; PerkinElmer, Waltham, MA, USA).

Determination of intracellular lipid content
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To detect the effects of FAs on lipid accumulation in HepG2 cells, the cells were
treated with the each FA at 0.5 or 1 mM for 24 h, respectively. To detect the effects of
chalcones on FAs-induced lipid accumulation in HepG2 cells, the cells were exposed to a
mixture of FAs (palmitic acid:oleic acid = 1:2 ratio), and simultaneously treated with various
concentrations of each chalcone as indicated in each figure or DMSO alone as a vehicle (final
concentration, 0.25%) for 24 h. Sudan II straining was then carried out as previously
described.”® The cells were washed twice with ice-cold phosphate-buffered saline (PBS),
fixed with 100 pL of 4% (w/v) paraformaldehyde in PBS for 1 h at 4°C, and stained with 100
pL of 0.5% (w/v) Sudan II solution in 60% (v/v) isopropanol for 1 h at room temperature. The
cells were washed twice with distilled water to remove excess stain, and oil droplets present
in the stained cells were dissolved in isopropanol containing 4% (v/v) Nonidet P-40.

Absorbance of the dissolved solution was measured at a wavelength of 490 nm.

Western blotting analysis

Preparation of the cell lysate and western blotting were performed according to our
previous report. 2 Specific immune complexes were detected with the ATTO Light-Capture 11
Western Blotting Detection System (ATTO, Tokyo, Japan). The density of specific bands was

calculated using ImageJ image analysis software.

Statistical analysis

All data are expressed as the mean + standard deviation (SD) of at least three
independent determinations for each experiment. Statistical significance was analyzed using
the Dunnett’s test, and the statistical significance between with and without compound C
treatment was analyzed using Student’s r-test. The probability levels less than 0.05 were

considered to indicate statistical significance.
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Results
Effects of FAs on lipid accumulation and cell viability in HepG2 cells

Lipid accumulation (Fig. 2A) and cell viability (Fig. 2B) were investigated after
treatment of HepG2 with palmitic acid, stearic acid, oleic acid, linoleic acid, and linolenic
acid at 0.5 or 1 mM for 24 h. We found that all FAs significantly increased lipid accumulation
in HepG2 cells (Fig. 2A). Under the same conditions, linoleic acid and linolenic acid showed
cytotoxity at both 0.5 and 1 mM (Fig. 2B). Palmitic acid and stearic acid also showed
cytotoxicity at 1 mM. Palmitic and oleic acids are the most abundant FAs in liver triglycerides
in both normal subjects and patients with NAFLD.* Therefore, HepG2 cells were incubated
with mixtures of varying proportions of palmitic acid and oleic acid to induce fat overloading
of the liver. Results from lipid accumulation (Fig. 2C) and cell viability (Fig. 2D) assays
showed that palmitic acid increased lipid accumulation but exhibited cytotoxicity at
concentrations over 1.2 mM. Although lipid accumulation caused by oleic acid was less than
that of palmitic acid, oleic acid did not exhibit cytotoxicity. To achieve maximal fat
over-accumulation without cytotoxicity, a mixture of FAs consisting of a low proportion of

palmitic acid (palmitic acid:oleic acid = 1:2 ratio) was selected for further experiments.

4HD, XAG, CAR, and FKB inhibited FAs-induced cellular lipid accumulation in HepG2
cells

We first investigated the effects of 4HD, XAG, CAR, and FKB on the cell viability
of HepG2 cells using the WST-1 assay and found that these chalcones showed no cytotoxicity
at concentrations up to 20 pM (Fig. 3A). To investigate the inhibitory effect of chalcones on
the lipid accumulation in HepG2 cells, 5 pM of each chalcone and various concentrations of

the FA mixture were simultaneously added to HepG2 cells for 24 h; the lipid contents were
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then determined by Sudan II staining. As shown in Fig. 3B, the FA mixture increased lipid
accumulation in HepG2 cells compared with DMSO-treated control cells in a dose-dependent
manner. Simultaneous treatment with 4HD, XAG, CAR, and FKB at 5 uM decreased this
lipid accumulation. CAR and FKB showed significant effects at FAs concentrations of 0.3,
0.6, and 1.2 mM; 4HD at 0.6 and 1.2 mM; and XAG at 1.2 mM. Thus, we selected the 1.2
mM FA mixture to investigate the dose-dependent effect of chalcones on FA mixture-induced
lipid accumulation. As shown in Fig. 3C, the chalcones decreased lipid accumulation in a
dose-dependent manner. All chalcones tested significantly inhibited the FA mixture-induced

lipid accumulation at 5, 10, and 20 puM.

4HD, XAG, CAR, and FKB decreased SREBP-1 and increased PPARa expression in
HepG2 cells

To determine the mechanism by which 4HD, XAG, CAR, and FKB decreased the
FAs-induced lipid accumulation in HepG2 cells, western blotting analysis was performed to
evaluate the expression levels of two important factors, SREBP-1 and PPARa. These proteins
are involved in hepatic lipogenesis and FA oxidation, respectively.6’ ™9 As shown in Fig. 4,
we confirmed that the FA mixture enhanced expression of SREBP-1 but did not affect
expression of PPARa. 4HD and XAG decreased expression of SREBP-1 and increased
expression of PPARa in a dose-dependent manner. Significant differences were observed at
concentrations over 5 uM (Fig. 4A). The same trends were observed with CAR and FKB; i.e.,
they decreased expression of SREBP-1 and increased that of PPARa in a dose-dependent

manner (Fig. 4B).

Effects of 4HD, XAG, CAR, and FKB on LKB1/AMPK and MAPK pathways in HepG2

cells
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AMPK is a key regulator of lipogenesis and FA oxidation in metabolic tissues,
including the liver. A change in AMPK activity in HepG2 cells is strongly associated with
intracellular lipid metabolism.'® To investigate the effects of chalcones on the phosphorylation
of AMPK and its upstream kinase LKB1, HepG2 cells were treated with 1.2 mM FA mixture
and 5 pM chalcones for 24 h. As shown in Fig. SA and B, all chalcones significantly
simulated phosphorylation of AMPK (4HD, 2.18-fold; XAG, 2.08-fold; CAR, 1.74-fold; and
FKB, 1.85-fold) and LKB1 (4HD, 1.58-fold; XAG, 1.52-fold; CAR, 1.72-fold; and FKB,
1.64-fold). To confirm that AMPK activation was involved in the inhibitory effects of
chalcones on the FA mixture-induced lipid accumulation, an AMPK inhibitor, compound C,
was introduced (Fig. 6 A and B). Compound C decreased the AMPK activation resulting from
treatment with chalcones. 4HD, XAG (Fig. 6A), CAR, and FKB (Fig. 6B) decreased
expression of SREBP-1 (4HD, 67%; XAG 67%; CAR, 70%; and FKB, 74%) and increased
PPARa (4HD, 1.80-fold; XAG, 1.69-fold; CAR, 1.56-fold; and FKB, 1.54-fold), the same as
the results in Fig. 4. In the same series of cultures, these chalcone-induced effects were
abolished by treatment with compound C. This indicated that the activation of LKB1/AMPK
pathway by chalcones is involved in the FA mixture-induced lipid accumulation. MAPKSs play
an important role in various aspects of cellular metabolism, including regulation of hepatic
lipid metabolism.?? Thus, we investigated whether chalcones activate MAPKs. However, 4HD,
XAG, CAR, and FKB did not alter the MAPKSs activation under our experimental conditions

(Fig. 7).

Discussion
In this study, we found that treating HepG2 cells with an FA mixture consisting of
palmitic acid and oleic acid (1:2 ratio) provides a suitable in vitro model for hepatic steatosis

(Fig. 2). Using this model, we found four chalcones, 4HD, XAG, CAR, and FKB, that

10
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significantly decreased the FA mixture-induced lipid accumulation in HepG2 cells without
causing cytotoxicity (Fig. 3). These results indicate that 4HD, XAG, CAR, and FKB will be
effective compounds to prevent hepatic steatosis. We conducted further experiments and
found that the inhibitory effect of these chalcones on the FA mixture-induced lipid
accumulation is involved in down-regulation of SREBP-1 and up-regulation of PPARa (Fig.
4), consequences of LKB1/AMPK activation (Figs. 5 and 6) but not MAPKs (Fig. 7).
Intracellular lipid accumulation is the main pathological characteristic of a human
liver with NAFLD.* FAs are the main substrates for synthesis of triglycerides in hepatocytes.
It is known that 25% of liver triglycerides are derived from increased de novo lipogenesis.45
De novo lipogenesis is mediated by SREBP-1, a key lipogenic transcription factor, and is
nutritionally regulated by glucose and insulin.***" SREBP-1 regulates the lipogenic process
by activating genes involved in FA and triglyceride synthesis that contribute to hepatic
steatosis.” SREBP-1 plays a considerable role in the pathogenesis of NAFLD.’ Increased
SREBP-1 levels have been found in patients with histologically diagnosed NAFLD,* and in
the fatty livers of obese (ob/ob) mice” and rats fed a high-fat diet.*” We found that 4HD, XAG,
CAR, and FKB decreased the FA mixture-induced SREBP-1 expression in HepG2 cells (Fig.
4). The results in this study suggest that 4HD, XAG, CAR, and FKB prevent hepatic steatosis
by decreasing expression of SREBP-1. Moreover, we also found that 4HD, XAG, CAR, and
FKB increased expression of PPARa in HepG2 cells. PPARa is expressed at high levels in
tissues with high rates of FA oxidation, such as brown fat, liver, and heart.” PPARa-mediated
responses have been well studied in the liver. It has been reported that a PPARa agonist

normalized fatty livers in fat-fed rats,50

and markedly improved lipid accumulation in the
livers of mice.”! Curcumin, another plant-based chemical, also decreases oleic acid-induced

lipid accumulation through enhancing the expression of PPARa.>* Our findings, together with

these previous results, suggest that 4HD, XAG, CAR, and FKB prevent hepatic steatosis by

11
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increasing expression of PPARa, which is involved in FA oxidation. Collectively, 4HD, XAG,
CAR, and FKB may modulate the FA mixture-induced hepatic lipid accumulation by
down-regulating de novo lipogenesis and up-regulating FA oxidation.

To determine the signaling mechanism underlying the decrease of SREBP-1
expression and the increase of PPARa expression induced by 4HD, XAG, CAR, and FKB, we
investigated the effects of these chalcones on LKB1/AMPK activation in HepG2 hepatocytes.
It is known that AMPK plays a key role in regulating carbohydrate and fat metabolism,
serving as a metabolic master switch that responds to alterations in cellular energy charge.lo’ >3
AMPK is expected to be a therapeutic target for treating fatty liver disease because it is
involved in regulating hepatic lipogenesis.10 Activation of hepatic AMPK turns off FA
synthesis by decreasing the expression of SREBP-1."" Our findings showed that 4HD, XAG,
CAR, and FKB increased AMPK activation (Fig. 5). When cells were treated with an AMPK
inhibitor, compound C, the expression of SREBP-1 was increased and the inhibitory effect of
the chalcones on SREBP-1 expression was lost (Fig. 7). AMPK also simulates FA oxidation
by increasing expression of proteins involved in FAs oxidation, including PPARa.”* Our
finding showed that 4HD, XAG, CAR, and FKB simultaneously increased both the
expression of PPARa (Fig. 4) and the phosphorylation of AMPK (Fig. 5). Compound C partly
canceled out the increase in the expression of PPARa (Fig. 6). These results suggest that 4HD,
XAG, CAR, and FKB have the ability to activate AMPK, then reduce SREBP-1 expression
and enhance PPARa expression, leading to inhibition of hepatic steatosis. AMPK activity is
regulated by phosphorylation at Thr172 by the upstream serine/threonine kinase LKB1."* 1%
Consistent with phosphorylation of AMPK a at Thr172, 4HD, XAG, CAR, and FKB caused
phosphorylation of LKB1 at Ser428 in HepG2 cells (Fig. 5). These results indicate that 4HD,

XAG, CAR, and FKB inhibit the FA mixture-induced lipid accumulation by activation of

LKB1/AMPK pathway. MAPKs are involved in regulating lipid metabolism,'” and it was

12
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reported that SREBP-1 expression is linked to the MAPK cascade.”” However, we found that
4HD, XAG, CAR, and FKB did not alter the phosphorylation levels of several MAPKs (ERK,
JNK, and p38) under our experimental conditions (Fig. 7). Therefore, 4HD, XAG, CAR, and
FKB inhibit the FA mixture-induced lipid accumulation without involving the MAPK
pathways. In the case of adipocytes, we previously found that 4HD and XAG inhibited lipid
accumulation and adipocytes differentiation effectively by down-expression of the
adipocyte-specific transcription factors, PPARy and C/EBPa in 3T3-L1 cells. The effects are
not only involved in activation of AMPK but also MAPKs.*® Different from the adipocytes, in
the present study, we found that chalcones inhibited lipid accumulation by modulating
expression of SREBP1 and PPARa, which relating to activation of AMPK but not MAPKSs in
hepatocytes. Our results indicate that these chalcones should be effective food factors to

modulate lipid metabolism in both adipocytes and hepatocytes with different mechanisms.

Conclusion

We established an in vitro model of hepatic steatosis using a mixture of palmitic
acid and oleic acid. Using this model, we found that four chalcones, 4HD, XAG, CAR, and
FKB, inhibit the FA mixture-induced lipid accumulation in HepG2 cells. The inhibitory
mechanism is, at least in part, dependent on decreased expression of SREBP-1 and increased
expression of PPARa through the activation of the LKB1/AMPK signaling pathway, but not
MAPK signaling pathways. Our findings suggest that 4HD, XAG, CAR, and FKB might be

valuable for preventing NAFLD and NAFLD-related metabolic syndrome.
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Figure legends

Fig. 1. Chemical structures of 4HD, XAG, CAR, and FKB.

Fig. 2. Effects of FA on lipid accumulation and cell viability in HepG2 cells. (A, B) Effects of
FA on lipid accumulation and cytotoxicity in HepG?2 cells. The cells were incubated with each
FA at 0.5 or 1 mM for 24 h. MeOH was used as a vehicle control. (C, D) Effects of different
ratios of palmitic acid and oleic acid on lipid accumulation and cytotoxicity in HepG2 cells.
The cells were incubated with palmitic acid and oleic acid mixtures with varying ratios (1:0,
2:1, 1:1, 1:2 and 0:1) for 24 h. Intracellular lipid accumulation was determined by Sudan II
staining (A, C). Cell viability was measured by WST-1 assays (B, D). The results are
presented as the mean + SD from three independent experiments. *P<0.05 and **P<0.01 vs.

MetOH-treated control cells (Dunnett’s test).

Fig. 3. 4HD, XAG, CAR, and FKB suppressed FA mixture-induced lipid accumulation in
HepG?2 cells. (A) The cells were treated with each chalcone at concentrations of 1, 5, 10, or 20
uM for 24 h. Cell viability was measured by WST-1 assays. (B) The cells were exposed to 0,
0.3, 0.6, 1.2, and 2.4 mM FA mixture (palmitic acid:oleic acid =1:2 ratio) with or without 5
UM of individual chalcones for 24 h. (C) The cells were exposed to 1.2 mM FA mixture
consisting of 0.4 mM palmitic acid and 0.8 mM oleic acid with or without each chalcone at 1,
5, 10, or 20 uM for 24 h. In these experiments, DMSO was used as a vehicle control.
Intracellular lipid content was determined by Sudan II staining. The results are presented as
the mean + SD from three independent experiments. *P<0.05 and **P<0.01 wvs.

DMSO-treated control cells at each dose of FA (Dunnett’s test).

Fig. 4. 4HD, XAG, CAR, and FKB decreased SREBP-1 expression and increased PPARa
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expression in HepG2 cells. The cells were exposed to 1.2 mM FA mixture consisting of 0.4
mM palmitic acid and 0.8 mM oleic acid with or without (A) 4HD or XAG, and (B) CAR or
FKB at 5 uM for 24 h. DMSO was used as a vehicle control. The protein expression levels of
SREBP-1 and PPARa were determined by western blotting. A typical representative result
was shown from three independent experiments. Densitometric analysis of specific bands was
also shown after normalization by B-actin expression. The results are presented as the mean +
SD from three independent experiments. *P<0.05 and **P<0.01 vs. DMSO-treated cells

(Dunnett’s test).

Fig. 5 4HD, XAG, CAR, and FKB simulated the phosphorylation of AMPK and LKB1 in
HepG?2 cells. The cells were exposed to 1.2 mM FA mixture consisting of 0.4 mM palmitic
acid and 0.8 mM oleic acid with or without (A) 4HD or XAG, and (B) CAR or FKB at 5 uM
for 24 h. DMSO was used as a vehicle control. The phosphorylation levels of AMPK and
LKBI1, and the expression levels of AMPK, LKB1, and B-actin, were determined by western
blotting. A typical representative result was shown from three independent experiments.
Densitometric analysis of specific bands for pAMPK and pLKBI1 was also shown after
normalization by corresponding protein expression. The results are presented as the mean +
SD from three independent experiments. *P<0.05 and **P<0.01 vs. DMSO-treated cells

(Dunnett’s test).

Fig. 6. The AMPK inhibitor compound C reversed the effects of 4HD, XAG, CAR, and FKB
on SREBP-1 and PPARa expression. The cells were exposed to 1.2 mM FA mixture
consisting of 0.4 mM palmitic acid and 0.8 mM oleic acid with or without (A) 4HD or XAG,
and (B) CAR or FKB at 5 uM for 24 h. Compound C at 20 uM was simultaneously added to

the cells. DMSO was used as a vehicle control. The phosphorylation levels of AMPK, and the
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expression levels of AMPK, SREBP-1, PPARa, and B-actin, were determined by western
blotting. A typical representative result was shown from three independent experiments.
Densitometric analysis of specific bands for pAMPK was shown after normalization by
AMPK expression, and that of SREBP-1 and PPARa was also shown after normalization by
B-actin expression. The results are presented as the mean + SD from three independent
experiments. *P<0.05 and **P<0.01 vs. DMSO-treated cells in each group with or without
compound C treatment (Dunnett’s test). #P<0.01 vs. DMSO-treated cells, between with and

without compound C treatment (Student’s -test).

Fig. 7. Effects of 4HD, XAG, CAR, and FKB on the phosphorylation of MAPKSs in HepG2
cells. The cells were exposed to 1.2 mM FA mixture consisting of 0.4 mM palmitic acid and
0.8 mM oleic acid with or without (A) 4HD or XAG, and (B) CAR or FKB at 5 uM for 24 h.
DMSO was used as a vehicle control. The phosphorylation and total levels of ERK, JNK, and
p38 were determined by western blotting. A typical representative result was shown from

three independent experiments.
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