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Silibinin improves nonalcoholic fatty liver by regulating
the expression of miR-122: An in vitro and in vivo study
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Abstract. Silibinin is a flavonoid that improves fatty liver
and insulin resistance. To elucidate the effect of silibinin on
lipid deposition and the potential molecular mechanism, the
present study conducted in vivo and in vitro experiments. In
the in vivo experiments, mice were randomly divided into
control, high-fat and silibinin groups, while HepG2 cells were
randomly divided into control, palmitic acid intervention
and silibinin intervention groups. The mRNA, protein and
miR-122 expression associated with hepatic lipid metabolism
were detected in each group. The results demonstrated that
silibinin reduced the triglyceride content, miR-122 expression
and the mRNA and protein expressions of fatty acid synthase
(FAS) and acetyl-CoA carboxylase (ACC). Silibinin increased
the mRNA and protein expression of carnitine palmitoyl trans-
ferase 1A (CPT1A). In the present study, HepG2 cells cultured
with palmitate were treated with silibinin following overex-
pression of micro RNA (miR) 122. The results demonstrated
that the mRNA and protein expression of FAS and ACC was
increased, while that of CPT1A was decreased. Therefore, it
could be deduced that silibinin improved lipid metabolism by
reducing the expression of miR-122 and inhibiting the expres-
sion of miR-122 may be a new therapeutic target to improve
fatty liver disease.

Introduction
Nonalcoholic fatty liver disease (NAFLD) is a metabolic

stress-induced liver injury closely associated with insulin resis-
tance (IR) and genetic susceptibility (1). The disease spectrum
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includes nonalcoholic simple fatty liver (NAFL), nonalcoholic
steatohepatitis (NASH) and related liver cirrhosis and hepato-
cellular carcinoma (1). With economic development, unhealthy
lifestyles and high-calorie diets are increasing, leading to an
increase in the incidence of NAFLD. NAFLD affects ~25%
of the adult population worldwide and brings a huge burden to
human wellbeing (2). Therefore, the prevention and treatment
of NAFLD are under intensive focus worldwide.

The development of systemic biology and epigenetics has
provided an in-depth insight into the association between geno-
type and phenotype of NAFLD (3). The epigenetic changes of
NAFLD include histone modification, DNA methylation and
changes in microRNAs (miRs/miRNAs). miRNAs are small,
18-25 nucleotide, non-coding, highly conserved regulatory
RNAs that regulate gene expression at the post-transcriptional
level (3,4). These miRNAs regulate >30% of human mRNAs
and are also involved in a wide array of biological processes,
including cell apoptosis, differentiation, development, prolif-
eration and metabolism (5). The miRNAs that are closely
associated with NAFLD have been extensively studied (3-5).
miRNA-122 (miR-122) is the most abundant specific miRNA
in the liver, accounting for about 70% of the total miRNA in
adult liver (6). Previous studies have found that the expression
of miR-122 in the serum of NAFLD patients is significantly
increased (4,5) and in vitro studies demonstrate that the
overexpression of miR-122 enhances the activity of alanine
aminotransferase (7).

The current treatment model for NAFLD is weight loss
and comorbid management, without any specific drugs (8).
In addition, improving the lifestyle is an effective treatment
for NAFLD, but it can be difficult for individuals to abide by
it. Some proposed medications have not shown significant
efficacy and long-term safety (9). Silibinin is a flavonoid
compound and the main component of silymarin in lipophilic
milk thistle extract that is widely used for treating liver
diseases (9). A previous study demonstrated that silibinin
can enhance lipolysis by increasing the expression of
triglyceride lipase, thereby reducing liver fat production,
and can also downregulate the expression of genes, such as
forkhead box Ol1, phosphoenolpyruvate carboxykinase and
glucose-6-phosphatase to inhibit gluconeogenesis. Thus,
silibinin improves high-fat-induced fatty liver and IR. The
underlying mechanism may be to reduce visceral obesity,
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enhance lipolysis and inhibit gluconeogenesis (10). However,
a previous study demonstrated that serum miR-122 levels
and expression in NAFLD patients and fatty liver cells are
increased, respectively (4), suggesting that silibinin and
miR-122 are associated with lipid metabolism and NAFLD;
however, the specific associations and mechanisms of action
remain to be elucidated. Therefore, the present study
constructed an NAFLD model using C57BL/6JC mice fed
a high-fat diet (HFD) and the association between miR-122
and NAFLD and lipid metabolism in the liver was observed.
Subsequently, silibinin was administered to this animal
model to investigate the intervention effect of silibinin on the
fatty liver of mice fed HFD and whether silibinin affected
the expression of miR-122. Finally, in the NAFLD model
palmitic acid (PA)-induced HepG2 cell line, miR-122 was
regulated by transfection of mimics and the intervention
was effectuated by silibinin to detect the expression levels of
related lipid metabolism genes and proteins. Whether silibinin
could improve liver lipid metabolism through the regulation
of miR-122 was investigated. Therefore, the pathogenesis
of NAFLD and putative therapeutic targets were revealed,
providing a theoretical basis and novel ideas for clinical
medication.

Materials and methods

Animal experiments. A total of 36 male C57BL/6JC mice
(age, 7 weeks) were purchased from Beijing Vitong Lihua
Experimental Animal Technology Co., Ltd., and reared in the
barrier system for animal experiments in Clinical Research
Center of Hebei Provincial People's Hospital. Mice were main-
tained at 20-25°C with 40-60% humidity and 12-h light/dark
cycles. The mice were randomly divided into two groups
after 1 week of adaptive feeding: 12 mice in the control group
(normal diet, ND) and 24 mice in the high-fat diet (HFD)
group. In the HFD group, 60% calories were from fat, 20%
from protein and 20% from carbohydrates. After 4 weeks,
the HFD group was randomly divided into the HFD group
and the HFD + silibinin (SIL) group with 12 mice each. The
HFD + SIL group was administered 54 mg/kg body weight
of SIL daily intragastrically and the ND and the HFD groups
were administered with the same volume of normal saline
intragastrically. The adult (human) dose was converted to the
mouse dose in terms of body surface area based on the phar-
macological test methodology (11). At a dose per body weight,
the equivalent dose in mice was 9.1 times that in humans. The
adult dose of silibinin is based on the manufacturer's instruc-
tions. Silibinin was mixed with food and fed to the mice (no
anesthetic was employed).

At the end of the 8-week feeding, the mice were fasted
overnight and anesthetized intraperitoneally with 1% sodium
pentobarbital at 60 mg/kg. The blood sample was withdrawn
from the eyeball and serum collected by centrifugation
at 865 x g for 20 min at 4°C and stored at -80°C for later use.
Acute massive blood loss in the orbital artery of mice was used
and the mice succumbed immediately.

After the mice succumbed, the liver was removed
and weighed. Several pieces of liver tissue were collected
and frozen in liquid nitrogen before storage at -80°C for
subsequent reverse transcription-quantitative (RT-q) PCR

and western blot analysis. Some liver tissues were placed in
10% neutral formaldehyde solution (pH=7.4) and fixed for
hematoxylin and eosin (H&E) staining. In addition, a portion
of the liver tissue was embedded in optimal cutting temperature
compound and stored at -80°C. Frozen sections were prepared
for oil red O staining.

During the experiment, body weight, blood glucose and
food intake of the mice were measured. The volume of blood
collection for the glucose measurements was 2 pl.

Cell culture and treatment. Short tandem repeats were used to
identify the HepG2 cells (Shanghai Saibaikang Bio Co., Ltd.)
used in the present study. HepG2 cells are a hepatoma cell
line. HepG2 cells were cultured in minimum essential medium
(MEM, HyClone; Cytiva) containing 10% fetal bovine serum
(FBS, Zhejiang Tianhang Biotechnology Co., Ltd.), at 37°C
with 5% CO,. A HepG?2 cell steatosis model was established by
culture medium containing 0.25 mmol/l PA for 48 h. HepG2
cells were transfected with miR-122-mimic (Guangzhou
RiboBio Co., Ltd.) and negative control (Guangzhou RiboBio
Co., Ltd.) and silibinin was used for cell interference. HepG2
cells were cultured in MEM medium of 5% FBS for 48 h as
miR-122 mimic transfection control. The transfection steps
are described below. First, 1-5x10° cells were inoculated
into a six-well plate containing complete medium with PA
interference for 24 h to achieve the confluence of 50-60% for
transfection. Second, 5 1 20 kM miR-122 mimic with 120 pl
1X Ribofect™ CP Buffer (Guangzhou RiboBio Co., Ltd.) was
mixed with 12 ul Ribo FECT™ CP Reagent and incubated
at room temperature for 5 min. Finally, the above transfec-
tion compounds were added to the 1863 ul Lopti-MEM
medium (Guangzhou RiboBio Co., Ltd.) and mixed gently.
After transfection for 4-6 h, the medium containing 5% FBS
was changed and silybin was added for intervention for 24 h
following transfection for 18-20 h (after 24 h of transfection)
to collect the cells (namely, after transfection for 48 h, all
indicators were assessed for cell detection). The quantification
of lipids by oil red O staining and triglyceride (TG) assay was
performed to measure the TG level in HepG2 cells using a TG
quantitative kit (Applygen Technologies, Inc.), according to the
manufacturer's instructions.

Intraperitoneal glucose tolerance test (iPGTT). For iPGTT,
mice were fasted for 12 h and then injected intraperitone-
ally with glucose (2 g/kg), as described previously. Blood
glucose from the mouse tail vein was measured at each of the
following time points: 0, 15, 30, 60 and 120 min. The tail tip of
the mouse was cut short and blood was dripped onto a Roche
rapid glucometer strip (Roche Diagnostics) to measure blood
glucose.

Serum insulin determination. The insulin level of mice was
determined by double anti-sandwich enzyme-linked immu-
nosorbent assay (ELISA). A volume of 5 pul of the standard
and the sample was coated to the bottom of the plate, followed
by addition of 75 ul enzyme-labeled antibody. The reaction
was incubated at room temperature for 120 min. Finally, after
washing, 100 ul of the color substrate was added to each well
and incubated in a room temperature shaker for 30 min. The
reaction was terminated with 100 pl termination solution and
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the absorbance was measured at the wavelength of 450 nm
using an enzyme-labeled instrument (Thermo Fisher Scientific,
Inc.). The standard curve was plotted according to the standard
substance of different concentrations and the insulin level of
the sample was calculated based on the standard curve and the
absorbance of the sample.

Liver histology. H&E staining was conducted to analyze the
pathologic alterations. Briefly, liver tissues were fixed with
4% paraformaldehyde for 24 h at room temperature and then
embedded in paraffin. Subsequently, tissues were sliced into
4 um sections followed by deparaffinization. Deparaffinization
was performed by incubation with xylene for 40 min, anhy-
drous ethanol for 10 min and 75% alcohol for 5 min. Following
washing with running water, tissues were stained with hema-
toxylin for 2-3 min and eosin for 1 min at room temperature.
Stained tissues were observed using an OLFV-34CM/XE light
microscope (Olympus Corporation).

The frozen fresh tissue was used for oil red O staining to
analyze the accumulation of lipids in the liver. Liver tissues
were frozen and cut into 8 ym sections. The sections placed on
slides and air-dried for 30 min. Subsequently, tissues were fixed
with paraformaldehyde for 15-20 min at room temperature.
Following washing with running water, the sections were
stained with oil red O for 8-10 min and counterstained with
hematoxylin for 3-5 min at room temperature. Images were
captured using an OLFV-34CM/XE light microscope. TG
levels in liver tissues were determined according to the
instructions of the TG quantitative kit (Applygen Technologies,
Inc.).

RNA extraction and RT-qPCR measurement of mRNA
expression of fatty acid synthase (FAS), acetyl-CoA
carboxylase (ACC) and carnitine palmitoyl transferase 1A
(CPTIA). The mRNA expression of FAS, ACC and CPTIA in
the liver and HepG2 cells were determined by RT-qPCR. First,
the mRNA was extracted according to the instructions of the
mRNA extraction and separation kit (Tiangen Biochemical
Technology (Beijing) Co., Ltd.). Second, the reverse transcrip-
tion reaction was performed on the Mastercycler gradient
gene amplification instrument (Eppendorf) by referring to the
instructions of the mRNA reverse transcription kit (Beijing
Tiangen Biochemical Technology Co., Ltd.). Finally, the reac-
tion system was set up according to the instructions of the
mRNA amplification kit and amplification was performed on
the ABI 7500 PCR instrument (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The following thermocycling condi-
tions were used for JPCR: Pre-denaturation at 95°C for 15 min;
40 cycles of denaturation at 95°C for 10 sec, annealing at 58°C
for 20 sec and extension at 72°C for 32 sec. cDNA synthesis
and qPCR were performed according to the manufacturer's
protocols. Subsequently, the data were analyzed using the
ABI 7500 fluorescence quantitative PCR analysis software
(Applied Biosystems; Thermo Fisher Scientific, Inc.). B actin
was set as the internal reference gene and the baseline was set
as 3-15 cycles, following which the Ct values of each sample
amplification were obtained. The control group samples were
set as standard 1 and the relative quantitative value (RQ value)
of the expression level of each target gene in each sample
was obtained according to the equation, RQ=2444 (12).
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The following primer sequences were synthesized by
Invitrogen (Thermo Fisher Scientific, Inc.): FAS forward,
5'-AGAACCTCCAGTCGTGTGAG-3' and reverse, 5-GGG
CATGGAGGGACTTGAAT-3"; ACC forward, 5'-ATGGGC
GGAATGGTCTCTTTC-3' and reverse, 5" TGGGGACCT
TGTCTTCATCAT-3'; CPT1A forward, 5'-GACTCCGCT
CGCTCATTCC-3' and reverse, 5-TCGATGCCATCAGGG
GTGAC-3.

RT-qPCR to estimate the miR-122 expression. miR-122 expres-
sion in liver and HepG2 cells were determined by RT-qPCR.
First, miRNA was extracted using the miRNA extraction and
separation kit (Beijing Tiangen Biochemical Technology Co.,
Ltd.). Second, the reverse transcription reaction was performed
on the Mastercycler gradient gene amplification instrument
by referring to the instructions of the miRNA reverse tran-
scription kit (Beijing Tiangen Biochemical Technology Co.,
Ltd.). Finally, the reaction system was set up according to the
instructions of the miRNA amplification kit and performed on
the ABI 7500 PCR instrument (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The primers for miR-122 were obtained
from Guangzhou RiboBio Co. Ltd: miR-122 forward, 5'-"AAA
CGCCAUUAUCACACUAAAU-3" and reverse, 5'-UGGAGU
GUGACAAUGGUGUUUG-3'". The following thermocycling
conditions were used for qPCR: Pre-denaturation at 95°C
for 15 min; 40 cycles of denaturation at 94°C for 20 sec and
annealing/extension at 60°C for 34 sec. cDNA synthesis and
gPCR were performed according to the manufacturer's proto-
cols. Following amplification, the data were analyzed using
ABI 7500 fluorescence quantitative PCR analysis software
(Applied Biosystems; Thermo Fisher Scientific, Inc.). U6
(cat.no. CD201-0145; Tiangen Biotech Co., Ltd.) was set as the
internal reference gene and the baseline was set as 3-15 cycles
to obtain the Ct value of each sample and gene amplification.
The control group samples were set as standard 1 and the RQ
value of the expression level of each target gene in each sample
was obtained according to the RQ=2"22% (12), which was used
for statistical analysis.

Western blot analyses of FAS, ACC and PTIA. The protein
expression levels of FAS, ACC and CPT1A were determined
by western blotting. Protein samples were extracted from
liver tissue and HepG2 cells using RIPA buffer (Beijing
Solarbio Science & Technology Co., Ltd.) and protein
concentrations were determined using the BCA protein assay
kit (Applygen Technologies, Inc.). Then, an equivalent of
50 ug protein was separated via 5% SDS-PAGE (DY Y-III;
Beijing Liuyi Biotechnology Co., Ltd.) and transferred to
the polyvinylidene fluoride membrane. Then, the membrane
was blocked with 5% Tris Buffered saline Tween (TBST;
5% Tween-20) in skimmed milk at room temperature for
2-4 h. Subsequently, the membrane was probed with primary
antibodies (all 1:1,000) targeted against: FAS (cat. no. 3180S;
Cell Signaling Technology, Inc.), ACC (cat. no. 3676S; Cell
Signaling Technology, Inc.) rabbit monoclonal, CPTIA
(cat. no. ARP44796_P050; Aviva Systems Biology), [3-actin
rabbit monoclonal (cat. no. AP0060; Bioworld Technology,
Inc.) and GAPDH rabbit polyclonal (cat. no. AP0063;
Bioworld Technology, Inc.) antibodies overnight at 4°C on
a shaker (TS-1; Haimen Qilin Medical Instrument Factory),
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Figure 1. Comparison of body weight, liver wet weight, food intake, fasting glucose, fasting insulin, intraperitoneal glucose tolerance test and area under the
glucose curve. (A) Body weight, (B) liver weight and (C) food intake of mice in each group. Data shown as mean + standard deviation; "P<0.05 vs. ND and
"P<0.05 vs. HFD. (D) Fasting Blood Glucose, (E) Plasma insulin, (F) intraperitoneal glucose tolerance test. (G) area under curve of glucose of mice in each group.
Data shown as the mean + standard deviation. "P<0.05 and “P<0.01 vs. ND, “P<0.05 and "P<0.01 vs. HFD. ND, normal diet; HFD, high-fat diet; SIL, silibinin.

followed by incubation with horseradish peroxidase-labeled
goat anti-rabbit secondary antibody (cat. no. CW0103S;
1:5,000; Beijing Kangwei Century Biotechnology Co., Ltd.)
at room temperature for 1 h. Protein bands were visualized
using enhanced chemiluminescence reagent (Thermo Fisher
Scientific, Inc.) and an imaging system (Analytik Jena AG).
GAPDH was used as the loading control. Protein expression
was semi-quantified using ImagelJ software (version 1.5.3;
National Institutes of Health).

Statistical analyses. All data were analyzed by SPSS v21.0
software (IBM Corp.). Measurement data with normal
distribution or close to normal distribution were expressed as
mean + standard deviation, while measurement data without
normal distribution were expressed as median (quartile). The
t-test was used for the normal mean of two samples with homo-
geneous variance and a non-parametric rank-sum test was

used for non-normal distribution or uneven variance. One-way
analysis of variance was used for comparison among groups
with post hoc tests Bonferroni for homogeneous variance and
Tamhane's T2 for non-homogeneous variance. P<0.05 was
considered to indicate a statistically significant difference.

Results

Silibinin improves glucose tolerance in HFD mice. The body-
weight of mice in the HFD group was greater compared with
mice in the silibinin and control groups (P<0.05; Fig. 1A),
although no significant differences were observed in liver
weight and food intake between the three groups (P>0.05;
Fig. 1B and C). Also, no significant difference was observed
in fasting glucose and fasting insulin among the three groups
(P>0.05; Fig. 1D and E). The iPGTT was performed to
verify the effect of silibinin on glucose metabolism-related
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Figure 2. Effects of silibinin on TG content in mice liver. Data shown as the mean + standard deviation. “P<0.01 vs. ND and *P<0.01 vs. HFD. TG, triglyceride;
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Figure 3. Histopathological examination of the mouse livers. Hematoxylin and eosin staining and oil red O staining of mice liver tissue (magnification, x400).

ND, normal diet; HFD, high-fat diet; SIL, silibinin.

abnormalities. The blood glucose of the HFD group increased
significantly at 15, 30, 60 and 120 min as compared with
the ND group and the area under the blood glucose curve
increased significantly (P<0.05; Fig. 1F and G).

Silibinin treatment reduces hepatic steatosis induced by HFD.
The liver TG content was significantly increased in the HFD
group compared with the normal diet group (P<0.01), while
that in the silibinin group was significantly reduced compared
with the HFD group (P<0.01; Fig. 2). Light microscopy and
histological examination of tissue sections stained with H&E
and oil red O were performed to determine whether silibinin
affected the hepatic lipid accumulation in mice. The results
of H&E staining demonstrated a severe ballooning degenera-
tion of liver hepatocytes in the HFD group and a reduction of
hepatic steatosis in the silibinin group. Oil red O staining
demonstrated a large number of lipid droplets in the HFD
group, whereas lipid droplets in the HFD+SIL group were

markedly reduced compared with the HFD group. The oil red
O staining confirmed the changes in the H&E-stained sections
(Fig. 3). The lipid accumulation in the liver was induced by fat,
which was reduced by silibinin after feeding for 4 weeks. The
gene expression of the key enzymes involved in hepatic lipid
metabolism was quantified by RT-qPCR and western blotting.
Compared with the normal diet group, the mRNA and protein
expressions of FAS and ACC were increased in the HFD
group (P<0.01), while that of CPT1A was decreased (P<0.01).
Compared with the HFD group, the mRNA and protein
expressions of FAS and ACC were decreased in the silibinin
group and that of CPT1A was increased (P<0.01; Fig. 4).

Expression of miR-122 in mice livers of each group. Compared
with the normal diet group, the expression of miR-122 was
significantly increased in the HFD group (P<0.01). Compared
with the HFD group, the expression of miR-122 was signifi-
cantly decreased in the silibinin group (P<0.01; Fig. 5).
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sion of miR-122. Data shown as the mean + standard deviation. “P<0.01 vs.
ND and “P<0.01 vs. HFD. miR, microRNA; ND, normal diet; HFD, high-fat
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Silibinin treatment improves hepatic lipid metabolism in
HepG?2 cells. Compared with the Con group, the TG content
in HepG?2 cells increased significantly after PA intervention
(P<0.01). Compared with the PA group, TG content in the
PA + SIL group was significantly decreased (P<0.01; Fig. 6A).
Oil red O staining is illustrated in Fig. 6B. Cells in the Con
group had no obvious lipid droplets, while cells in the PA
group had a large number of red staining lipid droplets and
lipid droplets in the PA + SIL group were significantly reduced
compared with the PA group.

Effects of Silibinin on miR-122 expression in HepG?2 cells
cultured in normal medium and in the presence of PA.
Compared with the Con group, the miR-122 expression in the
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PA intervention group was significantly increased (P<0.01;
Fig. 7A). Following SIL intervention in ordinary medium
cells at different doses, the expression of miR-122 decreased
significantly with the increase in SIL dose (Fig. 7B). Compared
with the PA group, the expression of miR-122 in the PA + SIL
group decreased (P<0.01) and the decreasing range was
elevated with the increase in SIL dose (Fig. 7C).

Effects of silibinin intervention on mRNA and protein
expression levels of FAS, ACC and CPT1A in HepG2 cells
cultured with PA. Compared with the Con group, the mRNA
and protein expression of FAS and ACC increased in the PA
group (P<0.01), while that of CPT1A decreased significantly

(P<0.01). Compared with the PA group, the mRNA and protein
expressions of FAS and ACC decreased in the PA + SIL group
(P<0.01) and that of CPT1A was increased significantly
(P<0.01; Fig. 8).

Silibinin affects liver lipid metabolism by regulating miR-122
expression. Following miR-122-mimic transfection in HepG2
cells, the miR-122 mRNA level in the miR-122-mimic group
was significantly higher than that in the control group (Empty;
P<0.05), indicating a successful miR-122-mimic transfection
(Fig. 9A). Compared with the Con group, the mRNA expres-
sion of FAS and ACC increased in the PA group (P<0.01),
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Figure 8. Effects of silibinin intervention on mRNA and protein expression levels of FAS, ACC and CPT1A in HepG?2 cells cultured with PA. Relative mRNA
expression of (A) FAS, (B) ACC and (C) CPT1A in HepG2 cells. Data shown as the mean + standard deviation. The relative protein expression of (D) FAS,
(E) ACC and (F) CPTI1A in HepG2 cells. (G) Western blot analysis of protein expression. Data shown as mean + standard deviation. "P<0.05 and “P<0.01 vs.
Con, "P<0.05 and "P<0.01 vs. PA. miR, microRNA; FAS, fatty acid synthase; ACC, acetyl-CoA carboxylase; CPT1A, carnitine palmitoyl transferase 1A; PA,

palmitic acid; Con, control; SIL, silibinin.

while that of CPT1A decreased (P<0.01). Compared with the
PA group, the mRNA expression of FAS and ACC decreased
in the PA + SIL group (P<0.01) and that of CPTIA increased
(P<0.01). Following transfection with NCmiR-122mimic
the mRNA expressions of FAS and ACC were decreased
(P<0.01) and that of CPTI1A increased (P<0.01) in the
PA + SIL + NCmiR-122mimic group, compared with the PA
group. Following transfection with miR-122 mimic, compared

with the PA + SIL group and PA + SIL + NCmiR-122mimic
group, the mRNA expression of FAS and ACC was significantly
increased in the PA + SIL + miR-122 mimic group (P<0.01)
and that of CPT1A was significantly decreased (P<0.01;
Fig. 9B-D). Compared with the Con group, the protein level of
FAS and ACC in the PA group increased, while that of CPT1A
decreased (P<0.01). Compared with the PA group, the protein
expression of FAS and ACC in the PA + SIL group decreased
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Figure 9. Silibinin affects liver lipid metabolism by regulating miR-122 expression. (A) Effect of miR-122 mimic on the level of miR-122 in HepG2. Data
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(P<0.01), while that of CPT1A increased (P<0.01). Following  of FAS and ACC were decreased (P<0.01) and that of CPT1A
transfection with NCmiR-122mimic, the protein expressions increased (P<0.01) in the PA + SIL + NCmiR-122mimic
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group compared with the PA group. Following transfection
with miR-122 mimic, compared with the PA + SIL group and
PA + SIL + NCmiR-122mimic group, the protein expression of
FAS (P<0.05) and ACC (P<0.05) in the PA + SIL + miR-122
mimic group increased and that of CPT1A decreased signifi-
cantly (P<0.01; Fig. 9E-H).

Discussion

The increasing prevalence of NAFLD has become a public
health challenge. It is a complex and multifactorial disease
that involves numerous genetic, environmental and metabolic
factors and is closely associated with obesity, type 2 diabetes
and metabolic syndrome. The liver plays a key role in lipid
metabolism. Fatty liver is the result of the accumulation of
various lipids in liver cells (10). The following mechanisms
may contribute to the development of the simple fatty
liver disease: i) Increased dietary fat intake or increased
visceral/subcutaneous adipose tissue lipolysis leads to the
increase in free fatty acids; ii) Reduced free fatty acid
oxidation; iii) Increase of de novo lipogenesis of the liver; and
iv) Reduced low-density lipoprotein in the liver reduces the
secretion of TGs (13). Some patients with NAFLD can develop
steatohepatitis, liver fibrosis and cirrhosis (14). In addition, a
previous study demonstrated that cardiovascular, malignant
and liver-related morbidity and mortality risks are higher in
patients with NAFLD (14). A number of studies have proved
that silibinin increases insulin sensitivity, improves hepatic
steatosis, reduces oxidative stress, protects the livers and
improves metabolic syndrome (10,15-17). In the present study,
silibinin was used to intervene in the HFD-induced NAFLD
model in vivo and in vitro to explore the mechanism underlying
silibinin intervention in NAFLD.

Changes in lifestyle and dietary structure increases the
incidence of fatty liver, especially HFD and high-calorie
diet (3). In vivo and in vitro studies have shown that high
lipids lead to lipid deposition in fatty liver and liver cancer
HepG?2 cells of mice (17,18). Simultaneously, the expression
of lipid de novo synthesis indicators, FAS and ACC increase
and the expression of fatty acid 3 oxidation indicator CPT1A
decreases (18,19). In the present study, HFD-fed mice and
0.25 mmol/l PA-treated HepG2 cells were successfully estab-
lished NAFLD models in vivo and in vitro, respectively. It was
found that high-fat intervention resulted in lipid deposition in
mouse liver and HepG2 cells (expressed as H&E-stained lipid
droplet vacuoles and/or oil red O staining). In addition, the
TG content in liver tissue and HepG2 cells and the expression
of FAS and ACC increased, while the expression of CPTIA,
an indicator of fatty acid oxidation, decreased. These findings
suggested that high fat stimulates the de novo lipid synthesis in
liver cells and inhibits mitochondrial oxidation of fatty acids
at the animal and cellular levels. These results were similar to
those of the aforementioned previous studies, which demon-
strated that high-fat intervention causes lipid deposition,
elevates the index of lipid synthesis and decreases the index of
fatty acid oxidation.

HFD-fed mice and HepG2 cells with PA intervention
represent a caloric overload state that leads to obesity, IR and
liver steatosis. In the present study, silibinin reduced the lipid
deposition in HepG2 cells and improved IR and hepatic lipid

deposition in HFD mice. Animal experiments have demon-
strated that silibinin improves the fatty liver of HFD mice by
regulating liver glucose metabolism and improving IR (10).
In vitro experiments have demonstrated that silibinin targets
IRS-1/PI3K/Akt to improve IR and hepatic lipid deposition
in an NAFLD cell model induced by PA. The present study
conducted western blot analysis with a phosphor-AKT anti-
body using the same samples as described in Fig. 4D-G (20).
Another study demonstrated that silibinin inhibits oxidative
stress, reduces liver damage, regulates liver lipid homeo-
stasis and protects the liver (17). The results of the present
study were consistent with those of the previous studies that
silibinin can improve lipid deposition and IR in an NAFLD
model.

The present study also observed the mediating effect
of miR-122 on hepatic lipid deposition induced by hyper-
lipidemia and the intervention effect of silibinin. miRNAs
have been under intensive investigation in recent years and
achievements have been made in the fields of cell growth,
apoptosis, metabolism, inflammation, immune regulation
and tumor (3-5). The role of miRNA in the development of
fatty liver has also aroused interest. Feng et al (21) found that
miR-200c expression is upregulated in HFD-fed rats and fatty
acid-treated HepG2 cells. Calo ef al (22) demonstrated that
following miR-21 knockdown in the liver, glucose intoler-
ance, lipid deposition and obesity are improved in HFD mice.
In addition, for a non-invasive test, serum miR-34a, miR-122
and miR-192 have been identified as potential biomarkers
for NAFLD (23). As the most abundant miRNA expressed
in the liver, miR-122 has been widely studied. A number of
studies have shown that miR-122 mediates the occurrence and
development of the fatty liver. For example, Miyaaki et al (4)
found that miR-122 knockdown resulted in the upregula-
tion of lipid metabolism genes, including FAS, HMGCR
reductase and sterol binding element-binding protein, and
miR-122 expression is significantly upregulated in simple
fatty liver degeneration or NASH and positively correlated
with the severity of hepatocyte steatosis. Su er al (24) fed
mice HFD for 10 weeks and found that the liver size increased
3.6 times in these mice along with the increased expression of
FAS and decreased expression of CPT1A. Naderi et al (25)
used the liver biopsy of clinical samples and found that the
miR-122 expression in the NAFLD group was significantly
upregulated compared with the normal obese control group.
Miyaaki et al (4) demonstrated that the miR-122 level in the
liver of patients with severe steatosis (>33%) was significantly
higher compared with patients with mild steatosis (<33%). In
the present study, the expression of miR-122 in HFD-fed mice
and HepG2 cells with PA intervention increased, that of FAS
and ACC also increased, while that of CPT1A decreased.
Silibinin intervention reduced the expression of FAS and
ACC and increased the expression of CPT1A, while the
expression of miR-122 was downregulated. Thus, the findings
of the present study were consistent with the above studies
and both in vivo and in vitro experimental results indicated
that the expression of miR-122 is positively associated with
the occurrence and development of NAFLD.

In the present study, miR-122 expression of HepG2 cells in
normal medium and PA medium was significantly decreased
after intervention with silibinin at different concentrations in



HepG2 cells and the reduction of miR-122 was dose-dependent
with silibinin concentration. It was hypothesized that silib-
inin reduced the expression of miR-122. In order to further
explore the effect of silibinin on miR-122 in lipid metabolism,
the present study used a miR-122 mimic and transfection
technique to overexpress miR-122, followed by silibinin inter-
ference in HepG2 cells cultured with PA. Consequently, the
effect of silibinin on improving lipid deposition was inhibited
and mRNA and protein expressions of FAS and ACC were
increased, while that of CPT1A was decreased, suggesting
that silibinin improves lipid metabolism by reducing miR-122
expression. At present, there are no relevant studies on the
regulation of miR-122 expression by silibinin, to the best of
the authors' knowledge, and only a few studies have confirmed
that silybin changes the expression of miRNA in cancer
cells (26,27).

In summary, silibinin improved lipid metabolism by
reducing miR-122 expression. miR-122 may become a new
therapeutic target for improving fatty liver and the molecular
mechanism requires further study.
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