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Objective: Hepatic insulin resistance is a major initiating factor for type 2 diabetes mellitus.
In previous study, Gegen Qinlian Decoction containing berberine could enhance hepatic
insulin sensitivity by SIRT1-dependent deacetylation of FOXO1. However, it is not clear
whether berberine also can improve hepatic insulin sensitivity by SIRT1/FOXO1 pathway.
This study aimed to evaluate the efficacy of berberine for improving hepatic insulin resis-
tance and the possible molecular mechanisms involved.

Methods: In vitro, HepG2 cells were induced with palmitic acid, and glycogen synthesis
was examined. In vivo, a high-fat diet (HFD)-fed mouse model was established, and
metabolic parameters were assessed. The expressions of miR-146b and sirtuin 1 (SIRT1)
in liver were also examined. The relationship between miR-146b and SIRT1 was examined
by the dual-luciferase reporter gene assay.

Results: Serum biochemical parameters, such as glucose and HOMA-IR index, were
increased in HFD mice; miR-146b and SIRT1 were abnormally expressed in HFD mice
and palmitic acid-treated HepG2 cells. Interestingly, berberine reduced body weight and
caused a significant improvement in glucose tolerance and HOMA-IR index without altering
food intake in mice. Overexpression of miR-146b abolished the protective effect of berberine
on palmitic acid-induced impaired glycogen synthesis in HepG2 cells. Luciferase assay
showed that miR-146b directly targeted SIRT1.

Conclusion: The present findings suggest that berberine could attenuate hepatic insulin
resistance through the miR-146b/SIRT1 pathway, which may represent a potential therapeu-
tic target for the prevention and treatment of metabolic diseases, particularly diabetes.
Keywords: berberine, hepatic insulin resistance, sirtuin 1, miR-146b

Introduction

Insulin resistance (IR) refers to reduced glucose uptake and utilization by liver, muscle,
fat, other tissues and in response to insulin induction, and IR is considered to be the
main initiating factor for type 2 diabetes mellitus (T2DM).! The liver is a major organ
for glucose uptake, and endogenous glucose production mainly comes from the liver.”
Thus, IR usually occurs first in the liver, followed by dysregulation of a variety of
enzymes involved in glucose metabolism and finally increased blood glucose levels.>*
The pathogenesis of liver IR is closely with the polyol pathway, accumulation of
glycation end products, inflammation, oxidative stress and other factors.””’

Berberine (BBR) is a plant quaternary ammonium salt from the group of
isoquinoline alkaloid (Figure S1), which can be isolated from Coptis chinensis.®
It displays many pharmacological activities, such as analgesic, anti-inflammatory,
anticancer, and myocardial protective effects.” Some studies have shown that BBR
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could improve glycolipid metabolism and IR possibly by
the regulation of insulin receptor, protein phosphatase,
Mg**/Mn**-dependent 1B and uncoupling protein 1.2
In addition, human and animal data indicated that BBR
could directly modulate gut microbial populations to
improve weight.'*'* In our previous study, we have
demonstrated that Gegen Qinlian Decoction containing
berberine could enhance hepatic insulin sensitivity by
SIRT1-dependent deacetylation of FOXO1."> However, it
is not clear whether BBR also can improve hepatic insulin
sensitivity by SIRTI/FOXO!1 pathway. MicroRNAs, as
small non-coding RNAs, can regulate gene expression to
induce mRNA
translation.'® The miR-146b gene is highly conserved

either cleavage or repress protein
among most vertebrates and is an important regulator of
the anti-inflammatory, globular adiponectin.'” The pre-
vious study demonstrated increased levels of miR-146b
in liver from obese subjects with NAFLD.'"® The
microRNA-146b/SIRT1-FOXO1 cascade in regulating
the adipogenesis has also been confirmed.'® But there
have been few researches on miR-146b/SIRT1 in the liver.

Therefore, the aim of the present study was to investigate
the effects of BBR on the liver. In this study, we investigated
whether BBR treatment could improve hepatic glucose meta-
bolism and hepatic insulin sensitive and investigated the

potential mediators in the miR-146b/SIRT1 pathways.

Materials and Methods
Ethics Statement

All animal experimental procedures were performed in
of Health
Guidelines for Laboratory Animals (NIH Publications
No. 8023, revised 1978) and approved by the Ethics
of Affiliated Hospital of
Traditional Chinese and Western Medicine, Nanjing

accordance with the National Institutes

Committee Integrated

University of Chinese Medicine (Nanjing, China).

Animal Model

Forty-eight 12-week-old specific pathogen-free (SPF) male
C57BL/6J mice weighing 18-20g was purchased from
Shanghai Slac Laboratory Animal Co. Ltd. (Shanghai,
China) and housed in the experimental animal center of
Jiangsu Province Academy of Traditional Chinese Medicine.
The animals were maintained on a 12-h light/dark cycle in
a constant temperature (22+2°C) environment. The mice were
divided into two groups, the normal fat diet (NFD) group
(n=12) and high-fat diet (HFD) group (n=36). There were no

significant differences in the body weight between these
groups prior to the start of the experiment. Mice in the NFD
group were fed with standard chow diet, and mice in the HFD
group were fed with a diet containing 60% fat, 14.1% protein
and 25.9% carbohydrate (Trophic, Nantong, China). After 12
weeks, mice in the HFD group were further randomly allocated
into three groups: a HFD group that received continued feeding
with the HFD, a HFD+BBR-5 group that was fed the HFD and
given intraperitoneal injections of BBR at a dose of 5 mg/kg/
day, and a HFD+BBR-10 group that was fed the HFD and
given intraperitoneal injections of BBR at a dose of 10 mg/kg/
day.*® The NFD and HFD groups received injections of an
equivalent volume of sterile saline. The BBR treatment period
lasted for 4 weeks. The body weight of the mice was monitored
every week. Food was removed 2 h before measurement of
body weight.

Histological Analysis of Hepatic Tissues
At the end of the experiment, mice were sacrificed, and
liver tissues were harvested, fixed in 10% formaldehyde,
and embedded in paraffin. Paraffin sections were subjected
to hematoxylin and eosin (H&E) staining (Zeping, Beijing,
China) for examination of the architecture of the tissues.
Images were visualized with an Olympus microscope and
captured with an Olympus digital camera (BX20, Beijing,
China) using NIS Element SF 4.00.06 software (Beijing,
China). For each group, liver samples from 3—5 mice were
prepared, stained, and analyzed.

Measurement of Serum Biochemical

Parameters

An intraperitoneal glucose tolerance test IPGTT) and an
intraperitoneal insulin tolerance test (IPITT) were performed
at the 4th week of treatment. For the IPGTT, mice were
fasted for 12 h before intraperitoneal injection of glucose
(0.5 g/kg body weight). The IPITT was performed 3 days
after the IPGTT, and mice were injected intraperitoneally
with insulin at 0.5 U/kg body weight after a 4-h fast accord-
ing to a protocol described previously.'> The fasting serum
triglycerides (TG) level was analyzed using an enzyme-
linked immunosorbent assay (ELISA) kit (Bio Sino,
Beijing, China). The levels of plasma insulin were deter-
mined using an insulin ELISA kit (ALPCO, Salem, New
Hampshire USA). IR was assessed by a homeostasis model
assessment of insulin resistance index (HOMA-IR).?!
insulin resistance

Homeostasis model assessment of

(HOMA-IR) index was calculated using the previously
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described formula.”?> HOMA-IR =
Glucose (mg/mL) x 25/405.

Insulin (ng/mL) x

Cell Culture and Transfection

Cells of the human hepatocellular carcinoma line (HepG2)
were purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). HepG2 cells
were seeded in 6-well plates at a density of 3x10° cells/
well and treated with 10% fetal bovine serum High
Glucose Dulbecco’s Modified Eagle Medium (GIBCO
BRL, Grand Island, NY, USA). At 60% confluency, the
cells were subjected to a 6-h starvation with serum-free
Low Glucose Dulbecco’s Modified Eagle Medium and
then treated with or without 0.25mM palmitic acid
(Sigma-Aldrich, St. Louis, MO, USA) or palmitic acid
together with BBR (10 pM) for 24 h. To study the func-
tions of miR-146b, HepG2 cells were transfected with
miR-146b mimics using the riboFect™ CP transfection
kit. A miR-146b inhibitor was purchased from RIBOBIO
company (Guangzhou, China) and used according to the
instructions provided by the manufacturer.

CCK8 Cell Viability Assay

HepG2 cells were cultured in 96-well plates at a density of
1000 cells/well. The medium was replaced by 100 pL of
medium containing different drug concentrations (5, 10, 15,
20, 30 uM for BBR) with palmitic acid for 24 hours, 48 hours
respectively. Then, 10puL of CCKS8 was added and cultured
for 2 hours. Cell survival was evaluated using CCKS8 assay.
Cell viability in response to BBR was measured by using
Cell Counting Kit-8 (CCK-8; MCE, Monmouth Junction,
NJ) according to manufacturer’s instructions.

Glycogen Synthesis in HepG2 Cells
Glycogen synthesis was detected using the Glycogen
Assay Kit purchased from BioVision (K646-100,
Milpitas CA, USA). 1x106 cells were collected for each
treatment group and boiled in 200 pL distilled water. After
centrifugation, the supernatant was collected. For each
sample, 25 pL of the supernatant was taken and added to
a well of a 96-well plate. Then, 2 pL of the Hydrolysis
Enzyme Mix was added to each well. After incubation for
30 min at room temperature, 50 uL of the reaction mixture
was added to each well, followed by a 30-min incubation
at room temperature in the dark. The absorbance (570 nm)
in each well was measured by a plate reader. Final values
were calculated by subtracting the background values
obtained from the glucose-zero and glycogen-zero wells.

RNA Extraction and Quantitative
Real-Time PCR

Total RNA from liver tissues and cells was extracted using
Trizol (Ambion, Carlsbad, CA, USA).** The quality of each
RNA sample (including its concentration and purity) was
checked using a Thermo NanoDrop 2000 spectrophot-
ometer. cDNA was synthesized with the PrimeScript RT
Reagent Kit (TaKaRa Bio Inc, Shiga, Japan). The primers
used are listed in Table S1. RT was performed at 37°C for 15
min and 98°C for 5 min. The PCR protocol for mRNA
consisted of 1 cycle of 95°C for 30 sec, 30 cycles of 95°C
for 5 sec, 30 cycles of 55°C for 20 sec and 1 cycle of 95°C
for 5 sec. All reactions were repeated in triplicate and gene

expression was calculated after normalization to GAPDH.
The specific stem-loop primers of miR-146b were obtained
from Guangzhou RiboBio Co., Ltd. (Guangzhou, China).
RT was performed at 42°C for 60 min and 70°C for 10 min.
The PCR protocol for miR-146b consisted of 1 cycle of 95°
C for 30 sec, 40 cycles of 95°C for 2 sec, 40 cycles of 60°C
for 30 sec and 1 cycle of 70°C for 5 sec. All reactions were
repeated in triplicate and the quantitative expression data
were normalized against U6 RNA.

Western Blotting

The proteins in liver tissues and cultured HepG2 cells were
collected, homogenized in radioimmunoprecipitation
(RIPA) lysis buffer containing phenylmethylsulfonyl fluor-
ide, and centrifuged at 13,000g for 30 min at 4°C for
removal of cellular debris. The protein concentration was
determined using a BCA protein assay commercial kit
(Thermo, USA). Equal amounts of protein (25 pg) were
loaded for sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis (PAGE). Protein samples were sepa-
by
a polyvinylidene difluoride (PVDF) membranes. Blots are

rated electrophoresis and transferred onto
blocked with 1% bovine serum albumin (BSA, Beyotime
Biotechnology, Shanghai, China) or 5% non-fat milk for 1
h and incubated overnight at 4°C with primary antibodies:
anti-SIRT1, anti-FOXO1, anti-Acetylated-Lysine and anti-
b-actin. All antibodies were from Cell Signaling
Technology (Danvers, MA, USA). After washing with the
washing buffer, blots were incubated with the correspond-
ing secondary antibody (1:2000, Fcnmacs, Nanjing, China)
for 2 h. Photographs were taken, and optical densities of the
bands were quantified with the Gel Doc2000 (Bio-Rad,

Hercules, CA, USA).
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Luciferase Assay

For luciferase reporter experiments, the 3-UTR segments
of SIRT1 predicted to interact with miR-146b were ampli-
fied by PCR and inserted into pGL3 vector immediately
downstream from the stop codon of luciferase (Promega).
HepG2 cells were cotransfected in 12-well plates with
0.4 mg of the firefly luciferase reporter vector and
0.08 mg of the control vector containing Renilla luciferase,
pRL-TK (Promega), as well as with 100 nM miR-146b
mimics, inhibitor or control miRNA. 48 h later, lumines-
cence was detected using the Dual-Luciferase Reporter
Assay System (Promega, USA) according to the protocol.
Data were normalized to the Renilla luminescence and
presented relative to control miRNA transfected group.**

Statistical Analysis

All data were expressed as the mean + standard error of the
mean (SEM). Results were compared using independent-
samples #-tests between two groups and one-way analysis of
variance (ANOVA) among more groups with Dunnett’s post-
hoc test. p values <0.05 were considered statistically
significant.

Results
HFD Increased Body Weight and

HOMA-IR in Mice

To evaluate the changes in body weight and HOMA-IR,
twelve-week-old male C57BL/6J mice were assigned to two
groups wherein one group was fed with standard chow,
denoted as “NFD group” (n=12) and the other fed with
HFD, denoted as “HFD group” (n=36). The average body
weight chosen was similar between the groups at the begin-
ning of the experiment and the changes were recorded weekly.
After 4 weeks, the body weight of the HFD group (22.16
+0.63g) was higher than that of the NFD group (23.08
+0.91g), but the difference was not statistically, After 6
weeks, it was a significant difference in body weight between
the two groups (Figure 1A). HFD-induced group leaded to
a marked elevation in the levels of glucose (Figure 1B) and
insulin (Figure 1C) in the serum region compared to those of
the control group. Similarly, the HOMA-IR index was quite
high (~6-fold) as expected for the HFD group in comparison to
the NFD group (Figure 1D).

BBR Ameliorated IR in HFD Mice

To understand the effect of BBR, the mice previously fed
with the HFD for 12 weeks were subsequently assigned to

three subgroups (n=12) and were treated with either saline,
5 mg/kg BBR, or 10 mg/kg BRR for an additional 4 weeks.
Figure 2A shows that within HFD-fed mice, treatment with
BBR at 5 mg/kg or 10 mg/kg could alter body weight
compared with HFD mice, but these were not statistically
significant. Food intake was higher in HFD group than NFD
group. BBR treatment, both at low- and high-dose, did not
significantly alter food intake in HFD group (Figure 2B). The
mice high fat diet fed group leads to a marked elevation in the
levels of fasting glucose (Figure 2C), fasting insulin (Figure
2F) and HOMA-IR (Figure 2I) in the serum region compared
to those of the control group. Administration of BBR sig-
nificantly reduces those above indicator expressions as com-
pared to HFD group. The insulin levels rose obviously in
HFD group. However, BBR treatment significantly attenu-
ates the effect by increasing the insulin, compared with the
HFD group. BBR caused a ~3-fold change in HOMA-IR in
the HFD group which was statistically significant when
compared to the untreated group. In addition, the IPGTT
test and area under the curve (AUC) for the IPGTT (Figure
2D-H) show that the glucose tolerance level in the HFD
group significantly reduced after BBR administration.
Compared with the HFD group, the groups treated with
BBR showed significant improvements in insulin sensitivity.

Effects of BBR on Hepatic Tissue

Western blotting was used to detect the protein expression
level in liver. Figure 3A and B showed that HFD+BBR fed
group had ~1.25 fold increase in the protein levels of SIRT1
comparable to that of the NFD group. On the other hand, the
level of SIRT1 expression was quite diminished in HFD
group. The expression of acetylated (Ac)-FOXO1 was
found to be very high in HFD-fed group in comparison to
the other groups. The overall analysis shows that although
the effect of BBR on the expression of either of the genes was
significant but the effect at two different concentrations
tested (Smg/Kg, 10mg/Kg) had no notable changes.

To determine the changes in miR-146b in the liver of all
groups, we used real-time PCR to detect the expression level
of miR-146b. As shown in Figure 3C, there was a remarkably
increased level of miR-146b expression in the HFD group
while a concomitant decrease under the influence of BBR, at
the two different concentrations tested.

Histopathological examination of liver sections
obtained from the mice from different groups show lipid
accumulation in the liver seen as pale discoloration
(Figure 4). The number of lipid vacuoles occupying the

hepatocyte cytoplasm in HFD fed mice were very high
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Figure | Changes in body weight, fasting glucose, insulin and HOMA-IR in the NFD and HFD groups. (A) Body weight was measured weekly during the experiment. (B—D)

Fasting glucose, insulin and HOMA-IR was measured after 12 weeks. *p<0.01.

compared to the NFD fed mice. The tissue sections taken
after BBR treatment show considerable attenuation of the
size of lipid vacuoles which is significant when compared
to the HFD fed group.

Dose-Dependent Toxicity of BBR and

Effect of BBR on Glycogen Synthesis in
HepG2 Cells

Initially, we screened the dose curve of PA-induced cell
injury of HepG2 cells. The IC50 of PA in HepG2 cells was
about 307.8 uM (Figure S2). In the following experiments,
we selected 250uM PA to produce the cellular injury
model.

Palmitic acid-treated HepG2 cells were treated with dif-
ferent doses (5-30uM) of BBR for 24, 48 hours. After
incubation for 24 hours, BBR showed a dose-dependent
toxicity towards HepG2 cells with 50% cell death around
20uM (Figure 5). However, after 48 hours of incubation,
BBR showed severe toxicity with 50% cell death around

10uM of BBR. Since the cell survival rate was ~90% with
<10uM of BBR, so the intervention concentration was set
between S5pM and 10 pM for 24 hours. Figure 6 shows that
palmitic acid impaired glycogen production but this effect
was overcome in combination with BBR. 5uM of BBR did
not have drastic reversing effect, but 10uM of BBR was quite
effective in reversing the impaired glycogen synthesis
induced by palmitic acid (»p<0.01). So, we set the intervention
concentration of BBR as 10uM for subsequent experiments.

BBR Improves Hepatic IR via miR-146b/
SIRTI Signaling Pathway

To examine the impact of BBR administration on miR-146b
expression in the presence of PA, we performed RT-PCR of
miRNA samples extracted from PA and PA+BBR treated
cells. We observed that the expression of miR-146b was
increased following palmitic acid treatment, and BBR (10
puM) significantly reduced the palmitic acid-induced expres-
sion of miR-146b in HepG2 cells (Figure 6A). To further
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Figure 2 (A) Body weight was measured every week during the treatment period. (B) Food intake of mice among different groups. The expression of serum (C) glucose,
(F) insulin concentration. Comparison of Insulin Sensitivity, IPGTT (D and E) and IPITT (G and H) among different groups. (I) HOMA-IR was calculated at the end of the
experiment. **p<0.01. Data are expressed as the means+SEM of at least three independent experiments.

explore the potential molecular mechanism underlying the
anti-inflammation effect of miR-146b, the target genes of
miR-146b were predicted using MicroRNA target prediction
databases. It showed alignment between miR-146b and SIRT1
(Figures S3 and S4). To confirm that SIRT1 was regulated by
miR-146b, 3-UTR segments were respectively cloned into
a reporter plasmid downstream from luciferase, and reporter
assays were then performed. It was found that miR-146b
mimics robustly reduced SIRT1 reporter gene expression
(Figure 6B), the luciferase activities were only 0.6 (SIRT1),
significantly lower than those in control group. The data
suggested that miR-146b suppressed SIRT1 by direct binding
to it 3"-UTR segments.

Following this, we examined the expression of SIRTI,
FOXO1 and Ac-FOXOI1 in palmitic acid-treated HepG2

cells. As shown by Western blot, the results revealed
a significant decrease in SIRT1 expression and marked
increase in Ac-FOXO1 expression, and these alterations
were compromised through BBR treatment (Figure 6C and
D). Taken together, BBR could increase miR-146b targets
SIRT1 in HepG2 cells.

To further assess the role of miR-146b in regulating
SRIT1 expression, HepG2 cells were transfected with
miR-146b mimic for 24 h. This caused a significant
increase in the expression of miR-146b (Figure 7A). We
investigated the effect of miR-146b on glycogenesis in
hepatocytes. miR-146b mimic could decrease glycogen
synthesis, but no significant difference was found between
them (Figure 7B). However, the expression of SIRTI

decreased in miR-146b overexpressing cells (Figure 7C).
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Figure 3 (A and B) Total proteins of liver tissues were extracted and subjected to Western blot analysis for the detection of SIRTI, FOXOI, Ac-FOXOI. Representative
images are shown (left). For quantification, optical densities of the bands were determined. (C) miR-146b expression in different groups. *p<0.05; **p<0.01. Data are

expressed as the means*SEM of at least three independent experiments.

Consistent with the results above, treatment of miR-146b
mimics HepG2 cells with palmitic acid down-regulated
SIRT1 and up-regulated Ac-FOXO1 expression, and
these changes were dramatically abolished by BBR treat-
ment (Figure 7D-G). Notably, miR-146b mimic overex-
pression nearly abolished the aforementioned effect of
BBR, suggesting that miR-146 regulates SIRT1 expres-
sion, and BBR could up-regulate SIRT1 via miR-146b.
In contrast, HepG2 cells treated with miR-146b inhibi-
tor showed significantly decreased expression of miR-146b
compared to control cells (Figure 8 A). Figure 8B shows that
down-regulation of miR-146b reversed palmitic acid-
In addition, the
mRNA and protein expression levels of SIRT1 significantly

induced suppression of glycogenesis.

increased in HepG2 cells treated with miR-146b inhibitor,
and the protein expression of Ac-FOXO1 was suppressed
considerably (Figure 8C—G). These results suggest that
treatment with miR-146b inhibitor up-regulated SIRT1
expression, consistent with the results obtained after BBR
administration in palmitic acid-treated HepG2 cells.

Discussion

This study investigated the effect of BBR on hepatic IR
using a HFD-fed mouse model and palmitic acid-treated
HepG2 cells. Our results showed that BBR effectively
improved IR and increased the synthesis of liver glycogen,
and BBR acted as a miR-146b inhibitor and increased
SIRT1 expression by deacetylation of FOXO1 in order to
ameliorate hepatic insulin sensitivity.

BBR exerts a variety of pharmacological activities to
treat diabetes, such as improving oxidative stress and
reducing IR. Consistent with these findings, we found
that BBR treatment (5 mg/kg body weight/day in vivo)
significantly reduced the AUC for the IPGTT and insulin
as well as the HOMA-IR index in vivo. Previous studies
have reported that BBR reduced body weight and
improved HOMA-IR index without altering food intake
in mice by increasing energy dissipation rather than by

25.2 . . .
326 this was consistent with our

decreasing food intake;
study. HE staining showed that the hepatic fat infiltration

was significantly improved in BBR-5 group. Glycogen is
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Figure 4 Effects of BBR on Hepatic pathological changes. Histological observation of the hematoxylineosin (H&E) sections (original magnificationx400). Macrovesicular

steatosis was observed in the livers of mice.
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Figure 5 (A) Pretreatment with BBR (5, 10, 15, 20, 30uM) for different periods (24, 48 h) protects against PA-induced decrease of cell viability. (B) HepG2 cells were
treated with medium, palmitic acid (PA) only, or palmitic acid+BBR (5 or 10 uM) with or without insulin (1x107’M). Then glycogen synthesis was measured as indicated in

the Materials and Methods. **p<0.01.

an important glycometabolism index and glycogen synth- increase hepatic glycogen storage. All these results
esis plays an important role in glucose homeostasis and  showed that BBR improved insulin-mediated glucose
glycometabolism.”’ By acting as an insulin-sensitizing metabolism and enhanced insulin sensitivity in liver.

agent, this study also showed that BBR (10uM) signifi- Many previous studies have shown that BBR can
cantly improved glycogen synthesis in HepG2 cells treated  improve insulin resistance in liver, adipose tissues, and
with palmitic acid. The results demonstrated that BBR can  muscle cells by activating AMP-activated protein kinase
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Figure 6 miR-146b targeted SIRTI in HepG2 cells. (A) HepG2 cells were treated with medium, palmitic acid (PA) only, or palmitic acid + BBR (10 uM). Then the
expressions of miR-146b were evaluated. (B) HepG2 cells were co-transfected with miR-146b mimics or control miRNA and the reporter plasmid containing 3 -UTR
segment of SIRT |, as well as an endogenous control Renilla luciferase plasmid pRL-TK for 48 h, and then the relative luciferase activity in each group was analyzed. (C and D)
The expression of SIRTI, FOXO! and Ac-FOXO|1 was detected by Western blot. *p<0.05; **p<0.01.

in animal models of insulin resistance as well as in insulin-
responsive cell lines.”****° However, few studies reported
that BBR exerts protective functions via SIRT1 signaling
under some pathological conditions. SIRT1 is a NAD"-
dependent deacetylase that matches the energy output to
the energy requirement in the cell by sensing changes in
intracellular NAD". SIRT1 activation is beneficial within
metabolic disorders such as obesity, T2DM, and cardio-
vascular disease.”*° It plays important roles in liver meta-
bolism. SIRT1 can regulate the activity of FOXO1 by
deacetylating FOXOI1 to alleviate oxidative stress.

More significantly, recent studies have found that BBR
can improve glucose and lipid metabolism of diabetic mice
by regulating SIRT1.>'**? In accordance with previous
papers, here in, we demonstrate that HepG2 cells induced
by palmitic acid to cause ROS and establish insulin resis-
tance HepG2 cell models. The results showed that palmitic

acid-treated HepG2 cells could reduce the synthesis of
liver glycogen under the condition of insulin resistance,
while the administration of BBR significantly reverses
impaired hepatic glycogen synthesis by regulating
SIRT1/FOXO1 pathway. It has been indicated that SIRT1
activation could protect effects against diabetic through
regulating the insulin sensitivity.**>** In the current experi-
ment, we have also demonstrated that SIRTI level is
down-regulated in the liver tissue of HFD-fed mice and
HepG2 cells treated with palmitic acid. Activating SIRT1
signaling with BBR improves insulin sensitivity in liver.
The expression of SIRT1
miRNAs.*> Accumulating researches have revealed that
miRNAs
diseases.® Downregulation of miR-34a increases the

can be regulated by

are abnormally expressed in metabolic

expression of SIRT1, which contributes to reduce adipos-
ity in diet-induced obesity mice.>’” MiR-212 negatively
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calculated. Data from three independent experiments were used for statistical analysis, and results are expressed as the mean+SEM. *p<0.05; **p<0.01.

regulates autophagy by inhibiting SIRT1 expression and
miR-106b is obviously decreased in diabetic mice and
NIT-1 cells by targeting SIRT1 gene.’*** Similarly, in
this study, the level of miR-146b is obviously creased in
liver of IR mice and HepG2 cells with palmitic acid
induction. Furthermore, we find that miR-146b directly
inhibits the expression of SIRT1 gene through dual luci-
ferase reporter gene assay.

MiR-146b has been reported as a prognostic marker for
non-small cell lung cancer and inhibited metastasis of glioma
and breast cancer.*®*' MiR-146b can rescue hypoxia-induced

apoptosis in cardiomyocytes and improve retinal inflammation
in diabetes.*** SIRT1 is regulated by miR-146b, and inhibi-
tion of miR-146b can alleviate diet-induced obesity through
SIRT1 regulation.'” In fact, studies showed that miR-146b
positively regulated the differentiation of adipocytes by down-
regulating SIRT1 expression in differentiated 3T3-L1
cells,'®?® few studies document expression of miR-146b in
liver. Here, we found that SIRT1 expression was also altered
upon treatment with a mimic or inhibitor of miR-146b in
HepG2 cells. BBR was also shown to up-regulate SIRT1 by
down-regulating miR-146b expression. To explore the
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Figure 8 HepG2 cells were transfected with miR-146b inhibitor or negative control. Then the HepG2 cells were treated with medium, palmitic acid (PA) alone, or palmitic
acid plus BBR at 10 umol/L. (A) miR-146b expression was measured by qRT-PCR. (B) Glycogen was measured after transfected with miR-146b inhibitor. (C) SIRTI mRNA
expression was measured. Whole cell lysates were subjected to Western blotting for the detection of SIRT I, FOXOI, and Ac-FOXO|. Representative images are shown.
(D-G) For quantification, the optical densities of the bands were determined. B-actin was used as the loading control. Normalized protein expression levels were calculated.
Data from three independent experiments were used for statistical analysis, and the results are expressed as the mean+SEM. *p<0.05; **p<0.01.

possible mechanism of miR-146b on the ability of BBR to
insulin sensitivity in liver, we investigated the miR-146b inhi-
bitor-dependent effects on SIRT1 concentration and acetylate-
FOXOL1 activity in HepG2 cells induced by palmitic acid.
Here, we investigated the potential role of miR-146b in hepatic
insulin resistance. Our data showed that overexpression miR-
146b could reduce glycogenesis and miR-146b inhibitor could
enhance glycogenesis, although these results were not statisti-
cally significant. Interestingly, down-regulation of miR-146b
reversed palmitic acid-induced suppression of glycogenesis
synthesis (p<0.05). Therefore, we think that miR-146b plays
an important role in hepatic glycogenesis.

As is known to all, BBR has various pharmacological
activities and improves IR to reduce diabetes progression. In
vivo experiment, the level of miR-146b in mice received an

intraperitoneal injection BBR was significantly lower than
that in high-fat group. We also found that BBR at the dose of
5 mg/kg body weight/day significantly inhibited the expres-
sion of miR-146b compared with BBR at the dose of 10 mg/
kg body weight/day in HFD-fed mice. In order to further
clarify how berberine reduced miR-146b levels, we inhibited
and overexpressed miR-146b, respectively. After transfec-
tion of mir-146b mimics, BBR could only partially inhibit the
overexpression of mir-146b induced by palmitic acid. To
explore the possible mechanism of miR-146b on the ability
of BBR to TR, we investigate the miR-146b mimic-
dependent effects on SIRT1 and acetylate-FOXO1 activity
in palmitic acid-treated HepG2 cells. Our results show that
miR-146b
increased acetylate-FOXOI1 activity in HepG2 cells, which

significantly decreased SIRT1 levels and
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blocking of the protective effects of BBR. These data suggest
that berberine on liver metabolism through increased SIRT1
might be mediated by the inhibition of miR-146b.

Conclusion

In conclusion, our study is the first attempt to investigate
BBR in improving hepatic IR through the miR-146b/SIRT1
pathway. Our in vivo and in vitro results showed that BBR
significantly improved glycogen synthesis in liver in the
condition of IR. The effect of BBR in down regulation of
miR-146b increased SIRT1 expression and subsequent dea-
cetylation of FOXO1 indicate that activation of miR-146b/
SIRT1 signaling conferred protective effects against diabetes
by improving hepatic IR. The improvement of liver IR is
beneficial to delay diabetic progression, application of BBR
could be an important option for the prevention and treat-
ment of T2DM. As we all know, there are three critical
enzymes involved in the miRNA processing. Combined
with DGCRS, Drosha is able to cleavage pri-miRNA into
pre-miRNA in the nucleus. Then the pre-miRNA is pro-
cessed into the mature miRNA by Dicer in the cytoplasm.
The limitation of this study is that proteins involved in
miRNA biosynthesis such as Dicer have not been analyzed.
Therefore, to construct Dicer knockout mouse model and
Dicer gene knockout and inhibition model in HepG2 cells,
and to verify the specific mechanism of berberine regulating
miR146b in vivo and in vitro.
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