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Artemisia capillaris formula inhibits hepatic steatosis
via an miR-122-induced decrease in fatty acid
synthase expression in vivo and in vitro
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Abstract. Non-alcoholic fatty liver disease (NAFLD) is a
widespread health concern, and there is currently insufficient
understanding regarding its pathogenesis and treatment. The
present study aimed to explore the effects of Artemisia capil-
laris formula (ACF) on high-fat diet-induced hepatic steatosis
and fatty acid-induced intracellular lipid accumulation, by
micro (mi)RNA regulation. A total of 72 Sprague-Dawley rats
were divided into six groups (n=12/group). One group was
designated as the control group and fed a normal diet, and
the remaining five groups were allowed ad libitum access to a
high-fat diet for eight weeks, in order to establish an NAFLD
rat model. The rats were subsequently administered polyene
phosphatidylcholine (PP; 0.076 g/kg body weight/day), low
dose of ACF (0.462 g/kg body weight/day), middle dose of ACF
(0.924 g/kg body weight/day) or high dose of ACF (1.848 g/kg
body weight/day) intragastrically for four weeks. HepG2 human
hepatocellular carcinoma cells were treated with oleic acid and
palm acid, followed by treatment with various concentrations
of ACF. Serum alanine transaminase (ALT), aspartate amino-
transferase (AST), triglycerides (TG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), low-density lipo-
protein cholesterol (LDL-C), and steatotic HepG2 human liver
carcinoma cell TC and TG levels were measured. ACF and PP
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treatments attenuated high-fat diet-induced hepatic steatosis
and fatty acid-induced intracellular lipid accumulation. A
modified high-fat diet significantly increased ALT, AST, TG,
TC, LDL-C levels and decreased HDL-C levels. Treatment
with ACF and PP abrogated the increase in liver enzymes and
TG, TC and LDL-C levels, but did not influence HDL-C levels
in a high-fat diet induced rat model of steotosis. Steatotic
HepG?2 cells exhibited significantly increased levels of both
TG and TC. Treatment with ACF significantly decreased TC
and TG levels in vivo, and ACF and PP treatment decreased
the expression levels of fatty acid synthase (FASN) and
increased miR-122 in vivo and in vitro. In conclusion, these
results suggested that ACF may inhibit hepatic steatosis via
miR-122-induced downregulation of FASN in vivo and in vitro.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is a type of liver
disorder characterized by the absence of a history of excessive
alcohol consumption, with steatosis and lipoidosis. NAFLD is
the most common cause of chronic liver disease in Western
countries, and is estimated to influence ~30% of the general
population (1,2). Various lifestyle-associated diseases, including
metabolic syndrome, obesity, type 2 diabetes, arterial hyperten-
sion and hyperlipidemia have been shown to be associated with
NAFLD (3-5); however, the cellular mechanisms underlying the
development and progression of NAFLD have remained elusive.

Research regarding the pathogenic mechanisms of NAFLD
has identified signal transduction and post-translational protein
modification, as well as transcriptional activation and repres-
sion processes (6). Included in the latter category, microRNAs
(miRNAs) are short (~19-24 nucleotide) non-protein-coding
RNAs that regulate hundreds of targets, primarily through
translational inhibition or messenger RNA (mRNA) degrada-
tion (6,7). Consequently, miRNAs are able to regulate various
biological processes, including cell proliferation, apoptosis
and metabolism. It has previously been suggested that
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miR-122 may regulate the majority of target genes involved
in lipid and cholesterol metabolism (8). Fatty acid synthase
(FASN) is one of the known target genes of miR-122 (9,10).
The process of fatty acid synthesis is highly coordinated and
involves numerous enzymes. Reduced expression of FASN
may therefore significantly reduce the levels of triglycerides
in vivo, facilitating the prevention and treatment of fatty liver
disease (9).

Pharmacological agents used in Western medicine to treat
NAFLD have a low efficacy, and lipid-regulating pharma-
ceuticals are frequently used as adjunctive therapy (11,12).
Antioxidants, including vitamins B, C and E, lecithin, thiazoli-
dinediones and silymarin are often used to protect liver tissue;
however, these agents lack specificity in the treatment of fatty
liver diseases, and certain synthetic supplements have the
potential for liver toxicity (13,14). Natural products, including
Traditional Chinese Medicines, have long been considered as
alternative medicines. Nevertheless, numerous formulas have
been shown to possess beneficial therapeutic effects against
various diseases, including NAFLD (15).

Artemisia capillaris formula (ACF) is a traditional
Chinese formula, which has a long history of clinical use for
the treatment of NAFLD in China. Preliminary research by
our group in a rat model of NAFLD demonstrated that ACF
was able to significantly decrease the liver weight and alter
the serum free fatty acid levels of the rats, thus suggesting
that ACF may be a useful therapy for NAFLD (16). However,
the mechanisms underlying its anti-NAFLD activity remain
to be elucidated.

The present study used a rat model of diet-induced NAFLD,
as well as HepG2 human liver carcinoma cells cultured with
a high concentration of free fatty acid (HFFA) to investigate
whether miRNAs contribute to the pathogenesis of NAFLD.
Polyene phosphatidylcholine (PP) is a hepatoprotective thera-
peutic agent that accelerates choleresis (17,18), in the present
study, PP served as a positive control.

Materials and methods

Preparation and content assay of ACF. ACF was provided
by the Academy of Pharmacology of Fujian Chinese Medical
University (Fuzhou, China). For the animal experiments,
ACF powder was dissolved in physiological saline to a
working concentration of 500 mg/ml. For the cell-based
experiments, a stock solution of ACF (1 g/ml) was freshly
prepared by dissolving ACF powder in double distilled H,O
to a concentration of 1 g/ml, which was subsequently stored
at -20°C. Working concentrations of ACF (1.25 mg/ml and
2.5 mg/ml) were prepared by diluting the stock solution in
culture medium of Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% (v/v) fetal bovine serum
(FBS) and 100 U/ml penicillin and 100 pg/ml streptomycin
(all obtained from Thermo Fisher Scientific, Inc., Waltham,
MA, USA).

Reagents. TRIzol® reagent, M-MLV First-Strand ¢cDNA
Synthesis kit and Tag DNA Polymerase were obtained from
Invitrogen (Thermo Fisher Scientific, Inc.). Assay kits for
alanine aminotransferase (ALT), aspartate transaminase
(AST), triglyceride (TG), total cholesterol (TC), high-density
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lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) activity and oil red staining were
obtained from the Jiancheng Institute of Biotechnology
(Nanjing, China). PP was obtained from the Tonghua Dongbao
Pharmaceutical Co., Ltd. (Tonghua, China). Trypsin-EDTA
and Fast SYBR® Green Master Mix were purchased from
Thermo Fisher Scientific, Inc.. Rabbit polyclonal FASN (cat.
no. 3180; 1:1,000) and -actin (cat. no. 4970; 1:2,000) primary
antibodies, and horseradish peroxidase (HRP)-conjugated
secondary antibodies (cat. no. 7074) were obtained from
Cell Signaling Technology, Inc. (Danvers, MA, USA). All
other chemicals, unless otherwise stated, were obtained from
Sigma-Aldrich (St. Louis, MO, USA).

Animal model and treatment protocols. Male 8-week-old
Sprague-Dawley (SD) rats (Slike Co., Ltd., Shanghai, China),
weighing 200+10 g, were housed five per cage in an envi-
ronmentally controlled room (22+1°C) with 40-60% relative
humidity. Air exchange occurred 12-18 times/h and a 12:12 h
artificial light/dark cycle of 150-300 lux was maintained.
The rats were given ad libitum access to food and water. All
experiments using animals were approved by the Animal
Ethics Committee of the Fujian Institute of Traditional
Chinese Medicine (Fuzhou, China). Experimental procedures
were conducted in accordance with the Guidelines for Animal
Experimentation of Fujian University of Traditional Chinese
Medicine.

To establish the animal model, 72 rats were randomly
divided into six groups (12 rats/group), with one group of rats
used as a control and fed a normal diet that consisted of =18%
total protein, =5% total fat,<5% fiber and <8% crude ash. The
remaining rats were allowed ad libitum access to a high-fat
diet (HFD) for eight weeks. The HFD recipe conformed to
NAFLD models in SD rats (19,20), and consisted of: 87.3%
basal fodder, 10% lard, 2% cholesterol and 0.7% swine bile
salt. Following an eight-week feeding period, the HFD-fed
rats were randomly divided into five groups: The model group
(model), PP-treated group (0.076 g/kg body weight/day),
ACF high-dose group (1.848 g/kg body weight/day), ACF
middle-dose group (0.924 g/kg body weight/day) and ACF
low-dose group (0.462 g/kg body weight/day) (12 rats/group).
ACF and PP were administered as previously described (21).
The control and model groups received equal volumes of
distilled water (<5 ml). The body weight and food uptake
of the rats was recorded weekly. Following four weeks of
treatment, the rats were subjected to 4 h food depravation
and subsequently sacrificed by administration of 45 mg/kg
pentobarbital. Blood samples were collected from the aorta
abdominalis for the AST, ALT, TG, TC, HDL-C and LDL-C
assays. The samples were incubated at room temperature
for 2 h and centrifuged at 3,000 x g at 4°C for 20 min to
separate the serum, which was collected and stored at -20°C.
Livers were rapidly dissected, and a section of each liver
was cut and fixed in formaldehyde saline (4%) solution for
histological analysis; the remaining tissue was snap frozen in
liquid nitrogen and stored at -80°C prior to use.

Histological examination. The liver tissue for histological
evaluation was immediately fixed in 10% buffered formalin
for pathological analysis. Formalin-fixed liver tissue was
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paraffin-embedded and 4-5-mm sections were prepared and
subsequently stained with hematoxylin and eosin. Histological
evaluation was performed twice by a pathologist blinded to
the treatments on two separate occasions. A semi-quantitative
scoring system was used to assess the severity of hepatic
steatosis, and the inflammatory cell infiltration in 10 different
fields per section (magnification, x100; DMI 6000; Leica
Microsystems GmbH, Wetzlar, Germany) (22). Briefly, the
following criteria were used for scoring hepatic steatosis:
Grade O (-), no fat; grade 1 (+), fatty hepatocytes occupying
<33% of the hepatic parenchyma; grade 2 (++), fatty hepato-
cytes occupying 33-66% of the hepatic parenchyma; grade
3 (+++), fatty hepatocytes occupying >66% of the hepatic
parenchyma (19).

Biochemical assays. Serum was separated by centrifugation
at 3,000 x g for 30 min and analyzed immediately. Serum
AST, ALT, TG, TC, HDL-C and LDL-C levels were deter-
mined by spectrophotometry (BA-88A; Mindray Bio-Medical
Electronics Co., Ltd., Shenzen, China). The serum sample
(2.5 pl) was mixed with 80 ul of solution R1 from commer-
cially available kits (Nanjing Jiancheng Bioengineering
Institute, Nanjing, China). This was incubated for 5 min at
37°C and absorbance was measured (A1) at a wavelength of
546 nm. Solution R2 (60 ul) was added to the tube and incu-
bated for 5 min at 37°C and absorbance was measured (A2)
at a wavelength of 546 nm. The levels in the serum (mmol/l)
were calculated using an equation: [(Sample A2 - sample
Al) - (blank A2 - blank A1) / [(standard A2 - standard
Al) - (blank A2 - blank A1)] x calibration sample value. The
activity of AST and ALT (U/l) were calculated using a stan-
dard curve.

Immunohistochemical staining. Following fixation with 10%
buffered formalin for 12 h, the liver samples were conven-
tionally processed, in order to prepare paraffin-embedded
liver section slides. The slides were incubated with antigen
retrieval solution (10 mM sodium citrate; pH 6.0) at 95°C for
10 min, rinsed in cold water for 10 min and the endogenous
peroxidase activity was quenched using hydrogen peroxide.
Following blocking for non-specific proteins using normal
serum in phosphate-buffered saline (PBS; 0.1% Tween-20), the
slides were incubated with rabbit polyclonal antibodies targeting
FASN (1:200 dilution) at 4°C overnight. The slides were then
washed with PBS three times each for 5 min, and incubated with
a biotinylated secondary antibody for 30 min at room tempera-
ture. Subsequently, the slides were incubated with horseradish
peroxidase-conjugated streptavidin at 37°C for 20 min (Dako,
Glostrup, Denmark), and washed with PBS three times each for
5 min. The slides were then incubated with diaminobenzidine
for 30-60 sec at room temperature as the chromogen, followed
by further counterstaining with diluted Harris hematoxylin
for 20-30 sec at room temperature. Following staining, five
high-power fields (magnification, x400; DMB0004 LED; Leica
Microsystems GmbH) were randomly selected from each slide,
and the average proportion of positive cells in each field was
counted using a true color multi-functional cell image analysis
management system (Image-Pro Plus 6.0; Media Cybernetics,
Rockville, MD, USA). To rule out any nonspecific staining, PBS
was used instead of the primary antibody as a negative control.
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Cell culture. HepG2 human liver carcinoma cells were obtained
from the Cell Bank of Chinese Academy of Science (Shanghai,
China). The cells were cultured in DMEM supplemented with
10% (v/v) FBS, 100 U/ml penicillin and 100 pg/ml strepto-
mycin at 37°C in a humidified incubator containing 5% CO,.

To induce cellular fat overloading, the following steps
were performed in accordance with previously established
methods (23,24). Briefly, stock solutions of 0.6 mol/l oleic acid
(OA) and 0.6 mol/I palm acid (PA) were prepared in dimethyl
sulfoxide. Subsequently, HepG2 cells at 75% confluence were
exposed to a mixture of OA and PA at a final ratio of 2:1, and
final concentration of 1 mmol/l in complete DMEM for 24 h
at 37°C (24,25). For ACF treatment, the cells were treated with
ACF (1.25 and 2.5 mg/ml) for 24 h at 37°C in 5% CO,. The
induction parameters were optimized in a preliminary test, in
order to achieve maximal fat overaccumulation with minimal
cytotoxic and apoptotic effects of HFFA.

Oil red O staining. HepG2 cells were seeded into 12-well
plates at a density of 6x10* cells/well in 1 ml complete
DMEM and incubated overnight at 37°C in 5% CO,. Once the
steatotic cell model had been established for 24 h, the cells
were treated with ACF (1.25 and 2.5 mg/ml) for 24 h at 37°C
in 5% CO,, and the lipid content in HepG2 cells was subse-
quently determined using an oil red O staining kit, according
to the manufacturer's instructions. Briefly, at the end of
treatment, the cells were fixed with 4% polyoxymethylene
for 10 min, incubated in oil red solution for 15 min in the
dark at room temperature and then incubated with Gill's or
Mayer's hematoxylin for 30 sec at room temperature. Images
of stained tissue were recorded using a phase-contrast micro-
scope (DMI 6000; Leica Microsystems GmbH). Images were
captured at a magnification of x400.

TC and TG analysis. HepG2 cells were seeded into six-well
plates at a density of 1.5x10° cells/well in 2 ml complete DMEM
and incubated overnight at 37°C in CO,. Once the steatotic
cell model had been established for 24h, the cells were treated
with various concentrations of ACF (1.25 and 2.5 mg/ml) for
24 h at 37°C in 5% CO,. The cells were collected via scraping
in PBS and disrupted by sonication (Sonics & Materials, Inc.,
Newtown, CT, USA), followed by centrifugation at 3,000 x g for
5 min. Subsequently, the supernatants were collected and the
TG content was measured using a commercial kit, based on
the phosphoglycerol oxidase/peroxidase enzymatic reaction
according to the manufacturer's instructions.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from the liver tissue
and HepG2 cells using TRIzol® reagent. Oligo(dT)-primed
RNA (1 pug) was reverse-transcribed using SuperScript 11
Reverse Transcriptase, according to the manufacturer's
instructions. The obtained cDNA was used to determine the
relative mRNA expression levels of precursor miR-122, FASN
and GAPDH by RT-qPCR. RT-qPCR was performed using
SYBR Green I Master mix in an ABI 7500 Fast instrument
(Applied Biosystems; Thermo Fisher Scientific, Inc.) under
conditions as follows: Initial denaturation at 95°C for 20 sec;
and 40 cycles of denaturation at 95°C for 3 sec and 60°C for
40 sec. RT-qPCR reactions were conducted according to the
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Figure 1. Effects of ACF on (A) body weight and (B) liver toxicity index of Sprague-Dawley rats fed a high-fat diet. Data represent the mean + standard devia-
tion (n=12/group). “P<0.05, as compared with the control group; "P<0.05, as compared with the model group. ACF(L), low-dose Artemisia capillaris formula
group; ACF(M), middle-dose ACF group; ACF(H), high-dose ACF group; PP, polyene phosphatidylcholine.
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Figure 2. Effects of ACF on the hepatic morphology of liver tissue from Sprague-Dawley rats fed a high-fat diet. Control, (-) no liver fat; model, (+++) fatty
hepatocytes occupying >66% of the hepatic parenchyma, the rats demonstrated increased fat accumulation and developed steatohepatitis, which was character-
ized by hepatocyte ballooning, scattered lobular inflammatory cell infiltration and inflammatory foci (as indicated by the black arrow); PP, (+) fatty hepatocytes
occupying <33% of the hepatic parenchyma; ACF(L), (++) fatty hepatocytes occupying 33-66% of the hepatic parenchyma; ACF(M), (++) fatty hepatocytes
occupying 33-66% of the hepatic parenchyma, which was similar to the effects of ACF(L); ACF(H), (+) fatty hepatocytes occupying <33% of the hepatic
parenchyma, which was similar to the effects of PP treatment. ACF and PP treatment ameliorated hepatic steatosis and necroinflammation in the rats fed a
high fat diet. Data shown represent the mean + standard deviation (n=12/group). Representative images were captured at magnification, x400. ACF(L), low dose
Artemisia capillaris formula group; ACF(M), middle dose ACF group; ACF(H), high dose ACF group; PP, polyene phosphatidylcholine.

manufacturer's instructions. Gene expression levels were
determined as ACt=(Ct(sample)-Ct(GAPDH)) and relative
quantities between different samples were determined as
AACt=[ACt(samplel) - ACt(sample2)] (26). RT-PCR was
performed using Dream Taq Green PCR Master mix and a
GeneAmp PCR System 9600 (Applied Biosystems; Thermo
Fisher Scientific, Inc.) under conditions as follows: Initial
denaturation at 95°C for 5 min; 35 cycles of denaturation at
95°C for 30 sec, annealing at 60°C for 30 sec, elongation at
72°C for 1 min; and a final elongation step at 72°C for 10 min.
The PCR products were separated by electrophoresis on a 1.5%
agarose gel made using agarose obtained from Thermo Fisher
Scientific, Inc.. PCR reactions were conducted according to the
manufacturer's protocol. GAPDH and U6 were amplified as a
control. The primers used were supplied by Shanghai Generay
Biotech Co., Ltd. (Shanghai, China) and the sequences were
as follows: Sense, 5'-AGATCCACAACGGAT-3' and anti-
sense, 5-TCCCTCAAGATTGTCAGCAA-3' for rat GAPDH
(308 bp); sense, 5'-CCTTAGTACTGCGTGGTCGTAT-3' and

antisense, 5'-CAGAGGGTGCTTGTTAGAAAGAT-3' for rat
FASN (301 bp); sense, 5-CTCGCTTCGGCAGCACA-3' and
antisense, 5-AACGCTTCACGAATTTGCGT-3' for human
U6 (130 bp); sense, 5'-CCTTAGCAGAGCTCTGGAGTG
TGAC-3' and antisense, 5'-GCCTAGCAGTAGCTGTTTAGT
GTGA-3' for human pre-miR-122 (85 bp); and sense, 5'-CAG
AGCAGCCATGGAGGAG-3' and antisense, 5'-CATCGT
CCGTGACCATGTCC-3' for human FASN (119 bp).

Western blot analysis. The treated cells were lysed using
mammalian cell lysis buffer containing protease and phos-
phatase inhibitor cocktails. The cell lysates were separated
by 8% SDS-PAGE at 80 V for 0.5 h and 100 V for 2 h, and
were then electrophoretically transferred onto polyvinylidene
fluoride membranes. The membranes were blocked for 2 h with
blocking solution at room temperature, washed in Tris-buffered
saline with 0.25% Tween-20 (TBS-T) and exposed to primary
antibodies targeting FASN (1:1,000 dilution) overnight at 4°C.
B-actin (1:1,000 dilution) was measured as an internal control for
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Figure 3. Effects of ACF on high-fat diet-induced increases in hepatic enzymes and serum lipids in the various Sprague-Dawley rat groups. Data represent the
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Figure 4. Effects of ACF on steatotic HepG2 human liver carcinoma cell morphology. HepG2 cells were cultured with normal medium (control) or a high
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Oil red O staining identified red droplets in the cytoplasm of HFFA-cultured cells, and intracellular changes were observed using phase-contrast microscopy
(magnification, x400). (B) TC and triglyceride TG levels were measured using a phosphoglycerol oxidase/peroxidase enzymatic assay. “P<0.05, as compared
with the control group; “P<0.05, as compared with the model group. Values are presented as the mean + standard deviation and are representative of three inde-
pendent experiments. ACF, Artemisia capillaris formula; HFFA, high free fatty acids; OA, oleic acid; PA, palm acid; TC, total cholesterol; TG, triglycerides.
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Figure 5. Treatment with ACF elevates miR-122 expression and reduces the expression levels of FASN in vivo and in vitro. (A and B) mRNA expression
levels of FASN and miR-122 in HepG2 human liver carcinoma cells and rat liver tissue, as determined by RT-qPCR. (C and D) Protein expression levels
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presented as the mean + standard deviation. Images are representative of six individual mice in each group, or from three independent cell-based experi-
ments. ACF, Artemisia capillaris formula; miR-122, microRNA-122; FASN, fatty acid synthase; RT-qPCR, reverse transcription-quantitative polymerase

chain reaction.

protein loading. The following day, the membranes were washed
in TBS-T, and incubated with anti-rabbit HRP-conjugated
secondary antibody (1:2,000 dilution) for 1 h at room tempera-
ture. Subsequently, the membranes were washed again in
TBS-T, and the blots were visualized by enhanced chemilumi-
nescence detection using BeyoECL Plus (Beyotime Institute of
Biotechnology, Haimen, China) and visualized with ChemiDoc
XRS+ (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and
Image Lab 3.0 (Bio-Rad Laboratories, Inc.).

Statistical analysis. All data are presented as the mean + stan-
dard deviation for the indicated number of independently
performed experiments. All statistical analyses were performed
using the SPSS package for Windows (version 16.0; SPSS, Inc.,
Chicago, IL, USA). Statistical analyses were performed using
the Student's t-test and one-way analysis of variance. P<0.05
was considered to indicate a statistically significant difference.

Results

Animal toxicity analysis. To determine the potential toxicity
and safety of ACF, alterations in the physical appearance and

body weight of the rats were assessed. As shown in Fig. 1A
and B, rats fed the HFD for 12 weeks did not exhibit a signifi-
cant weight change; however, the liver toxicity index was
higher, as compared with that of the rats fed a normal diet.
ACF supplementation to the HFD did not result in decreased
body weight throughout the study. In addition, the body weight
of rats administered ACF was not significantly different
compared with that of the control group; however, the liver
toxicity index was significantly decreased compared with that
of the model rats. These results indicated that ACF was safe
for administration in SD rats.

Effects of ACF on liver histology. Histological evaluation
is considered to be the ‘gold standard’ technique for identi-
fying the presence and severity of NAFLD (27). Therefore,
in the present study liver sections were histologically evalu-
ated, in order to assess the extent of attenuation provided by
ACF in the development of hepatic steatosis. Representative
photomicrographs of liver histology of the various groups
are shown in Fig. 2. Rats fed a control diet exhibited normal
liver histology; however, the rats fed a HFD exhibited elevated
levels of fat accumulation and developed steatohepatitis,
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which was characterized by hepatocyte ballooning, scat-
tered lobular inflammatory cell infiltration and inflammatory
foci. Treatment with PP or ACF markedly abrogated hepatic
steatosis in the HFD-fed rats, and histological grading of
the liver sections confirmed that ACF treatment was able to
significantly ameliorate hepatic steatosis and necroinflamma-
tion in the HFD-fed rats.

Effects of ACF on serum AST, ALT, TG, TC, HDL-C and
LDL-C levels. As shown in Fig. 3, rats in the model group, fed
a HFD, exhibited significantly increased serum TC, TG and
LDL-C levels (P<0.05) and reduced HDL-C levels (P<0.05)
compared with those in the normal control group. Treatment
with PP or ACF significantly suppressed the increased TC, TG
and LDL-C levels induced by the HFD (P<0.05), and upregu-
lated the decreased HDL-C levels; however these findings
were not significant.

Effects of ACF on intracellular lipid accumulation. As shown
in Fig. 4A and B, treatment of HepG2 cells with OA or PA
resulted in the induction of intracellular lipid accumulation,
and treatment with ACF for 24 h reduced the levels of fat
deposition. Furthermore, TC and TG levels were also signifi-
cantly downregulated following treatment with ACF.

ACF suppresses pre-miR-122 and FASN expression in vivo
and invitro. As shown in Fig. 5,mRNA and protein expression
levels of FASN, as well as the expression levels of miR-122,
were determined by RT-qPCR, western blotting and immu-
nohistochemical analysis in vivo and in vitro, respectively.
RT-qPCR analysis demonstrated that treatment with PP or
ACF markedly increased the expression levels of miR-122
and reduced FASN mRNA expression levels (Fig. SA and B).
Western blot analysis and immunohistochemical assays indi-
cated that the protein expression levels of FASN emulated
the changes of the mRNA expression levels (Fig. 5C and D).
The percentage of cells positive for FASN was significantly
greater in the model group (95.29+9.78%) compared with
that of the control group (21.59+5.44%), as determined by
immunohistochemical analysis. The percentage of positive
cells in the PP, ACF low-, middle- and high-dose-treated rats
were 39.65+7.82, 36.18+3.87, 36.09+2.96 and 28.87+3.01%,
respectively.

Discussion

NAFLD is a multi-step process, which is widely accepted
as the hepatic manifestation of metabolic syndrome (28).
However, the pathogenesis of NAFLD has yet to be clearly
defined, although mitochondrial dysfunction, insulin resis-
tance and hepatic inflammation are likely contributors (24).
The present study succeeded in establishing an NAFLD
model in rats and cells. The HFD-induced rat model used
in the present study has more physiological similarities
to human NAFLD compared with those of other models
based on genetic defects or chemical-induced disease.
Steatotic HepG2 cells reproduce key features of human
hepatic steatosis, and therefore have been used in numerous
studies (9,23,24,25). These models are ideal for testing thera-
pies to reduce the extent of NAFLD, as well as to elucidate
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the mechanisms of disease pathogenesis. The present study
investigated the ability of ACF to prevent and treat hepatic
fat accumulation in vivo and in vitro.

ACF is a Traditional Chinese Medicine formula
composed of Artemisiae scopariae, Rhizoma Alismatis,
Rhizoma Atractylodis Macrocephalae, Radix Bupleuri,
Crateagus pinnatifida, Radix Glycyrrhizae and other
components. Artemisiae scopariae is a significant traditional
Chinese herb in ACF, which has been widely used as a remedy
for liver diseases, including hepatitis, jaundice and fatty liver
diseases (16). Previous studies have demonstrated that the
aqueous extract from Artemisia capillaris Thunb. is able to
inhibit the expression of inflammatory proteins, including
inducible nitric oxide synthase, cyclooxygenase-2 and tumor
necrosis factor-a (16,29). Together, these constituents have
been shown to exhibit hepatoprotective effects in vivo and
in vitro. Understanding the pathogenesis of liver diseases
and the mechanisms underlying the effects of traditional
medicines is essential for optimizing these forms of treat-
ment for specific types of liver disease. miR-122 is highly
abundant in the liver, and has garnered considerable attention
for its role in the regulation of cholesterol and lipid metabo-
lism (1). NAFLD is known to be associated with a reduced
expression of hepatocyte miR-122, which subsequently alters
lipid metabolism (8,30,31). miR-122 has also been shown to
promote adipocyte differentiation (8,30,31). Numerous studies
have demonstrated that miR-122 inhibition in a diet-induced
mouse model of obesity results in decreased mRNA expres-
sion levels of acetyl-CoA carboxylase 2, FASN, stearoyl CoA
desaturase-1 and HMG CoA reductase, and furthermore,
significantly reduces the plasma cholesterol levels in these
mice (8,32-35). The protein expression of FASN was increased
and decreased following overexpression and silencing of
miR-122 in Huh-7 cells, respectively (34).

The results of the present study demonstrated that the
HFD-associated upregulation of FASN was reversed by treat-
ment with ACF, which is a key first step in elucidating the role
of miR-122 as upregulation of miR-122 may be involved in
the underlying molecular mechanism. In addition, the obser-
vation that upregulation of FASN in HFD-fed rats led to an
increase in fatty acid uptake and accumulation, and ultimately
hepatic steatosis, provides useful insight into the mechanisms
that promote the progression of associated liver diseases.
The present study confirmed that miR-122 was significantly
downregulated in HepG2 cells that were exposed to HFFA.
Furthermore, it was demonstrated that treatment with ACF
decreased the mRNA and protein expression levels of FASN,
and inhibited OA/PA-induced intracellular lipid accumulation
in HepG2 cells.

In conclusion, these results suggested that ACF treat-
ment may decrease ALT, AST, TC, TG and LDL-C levels in
HFD-fed rats, and TC and TG levels in steatotic HepG2 cells.
Furthermore, dietary ACF reduced hepatic steatosis by
upregulating the expression of miR-122 and downregulating
the expression of FASN in vivo and in vitro, further supporting
the role of miR-122 as a regulatory component of normal
and aberrant lipid accumulation in the liver. These results
suggested that ACF possesses significant potential for use in
the prevention of NAFLD and non-alcoholic steatohepatitis,
and that further research is required in order to clarify the
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correlation between miR-122 and its regulatory functions in
lipid metabolism and liver disease.
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