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ABSTRACT

Context: Silymarin is the main flavonoid extracted from milk thistle, which has been used to treat liver
diseases.

Objective: The in vivo effect of silymarin on HFD-induced insulin resistance and fatty liver in mice was
studied.

Materials and methods: Male C57BL/6 mice were fed with high-fat diet (HFD) to induce obesity and insu-
lin resistance and treated with 30, 60 mg/kg silymarin for 18 days. Food intake, body weight and the con-
tent/histology of epididymal fat and liver tissue were examined; the content of lipids, AST, ALT and
inflammatory cytokines in serum were estimated.

Results: Administration of silymarin caused bodyweight loss in diet induced obesity (DIO) mice (HFD
group: 47.7 g, 60 mg/kg group: 43.0g) while the food intake remain unchanged. Silymarin (60 mg/kg) sig-
nificantly reduced the epididymal fat mass (from 1.75g to 1.12g). Elevated plasma lipids (TC 6.1 mM, TG
1.3mM, LDL 1.2mM) in DIO mice were all suppressed by silymarin (TC 4.5 mM, TG 0.89 mM, LDL 0.9 mM),
as well as insulin (5.1 ng/ml in HFD group to 2.0 ng/ml (60 mg/kg silymarin). Examination of cytokine levels
(TNF-o, IL-1B and IL-6) in each group proved that silymarin treatment significantly decreased inflammation
in DIO mice. Finally, silymarin effectively protected liver from HFD-induced injury as evidenced by decreas-
ing histological damage and reducing ALT and AST levels, as follows: ALT; 474U/L in HFD group to
28.4 U/L (60 mg/kg silymarin); AST; 150.1 U/L in HFD group to 88.1 U/L (60 mg/kg silymarin) in serum.
Discussion and conclusion: Our results suggested that silymarin-induced alleviation of inflammatory
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response could be a mechanism responsible for its benefits against liver damage and insulin resistance.

Introduction

Diabetes is a serious and increasing global health burden world-
wide as it is projected to rise 592 million by 2035 (Forouhi &
Wareham 2014; Guariguata et al. 2014). Type 1 and type 2 dia-
betes are the two main types, with type 2 diabetes accounting for
the majority (>85%) of total diabetes prevalence. Insulin resist-
ance, a hallmark of type 2 diabetes, is associated with obesity.
Obesity gives rise to a state of chronic, low-grade inflammation
that contributes to insulin resistance (Kahn & Flier 2000; Tateya
et al. 2013; Minihane et al. 2015). Insulin resistance occurs when
inadequate response of peripheral tissues to normal circulating
level of insulin to regulate whole body glucose homeostasis.
Chronic inflammation is found to be closely associated with obes-
ity-induced insulin resistance (Shoelson et al. 2006; Shoelson SE
et al. 2007). Pro-inflammatory cytokines such as tumor necrosis
factor-o. (TNF-o) can cause insulin resistance in adipose tissue,
skeletal muscle and liver by inhibiting insulin signal transduction
(Hotamisligil et al. 1993; Rui et al. 2001). Moreover, inflamma-
some-mediated interleukin 18 (IL-1B) production also contributed
to insulin resistance (Vandanmagsar et al. 2011; Wen et al. 2012;
Jourdan et al. 2013).

Silymarin is a flavonoid complex-containing silybin, silydianin
and silychrisin, which are derived from the milk thistle seed,
Silybum marianum (Compositae, Silybum marianum genus,
Asteraceae). Silymarin has very strong antioxidant activity which
can protect liver from both acute and chronic toxicity and injury

(Gillessen et al. 2014; Abdel-Moneim et al. 2015; Luangchosiri
et al. 2015; Wu et al. 2015). Also, silymarin can suppress various
inflammatory responses by suppressing NF-kB pathway. For
example, silymarin effectively suppressed tumorigenesis via
improving oxidative stress and deregulating activation of inflam-
matory mediators (Wu et al. 2008; Toyoda-Hokaiwado et al.
2011). Silybin inhibited lipopolysaccharide (LPS)-induced mor-
phological changes and the production of pro-inflammatory cyto-
kines through inhibiting NF-«xB signaling pathway (Kim et al
2015; Lovelace et al. 2015). In addition, silymarin can improve
fructose-induced metabolic abnormalities in rat (Prakash et al.
2014). In this study, we found that silymarin alleviated high-fat
diet (HFD)-induced obesity and insulin resistance by decreasing
inflammation level in high calorie diet-induced obesity model.

Materials and methods
Agents

Silymarin was purchased from Selleck (Houston, TX). Kits for
cholesterol (TC), triacylglycerol (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL),
glutamic-oxalacetic transaminase (AST), glutamic-pyruvic trans-
aminase (ALT) were purchased from Nanjing Jiancheng Company
(Nanjing, China). Human insulin (Novolin) for in vivo treatment
was bought from Novo Nordis (Copenhagen, Denmark). Elisa kit
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for mouse insulin was bought from ALPCO (Illinois, USA). Elisa
kits for mouse TNF-o, IL-1B, IL-6 were bought from R&D
(Minneapolis, MN). All other chemicals were obtained from
Sigma-Aldrich (St. Louis, MO).

Animal experiments and drug treatment

Male C57BL/6 mice, 6-8 weeks of age, were purchased from
Shanghai Laboratory Animal Center at the China Academy of
Sciences. Mice were maintained in an animal facility under stand-
ard laboratory conditions for 1 week prior to experiments, with
water and standard chow supply. Animal welfare and experimental
procedures were carried out in accordance with the Guide for the
Care and Use of Laboratory Animals (Ministry of Science and
Technology of China, 2006, NO. 398). Mice were fed either normal
chow diet (NCD) or a high-fat diet (HFD) (40% fat calories) for 14
weeks and had free access to water and food. Concurrently with a
HED, silymarin (30, 60 mg/kg) were given orally for another 3
weeks. Body weight were monitored daily before being sacrificed.
The mice were subjected to insulin tolerance test (ITT) and glucose
tolerance test (GTT). Fed blood glucose was measured as indicated.
After the experimental period, mice were sacrificed and epididymal
fat mass was weighted (represent for fat mass). The livers were col-
lected for histological analysis and mRNA extraction.

Insulin tolerance test (ITT) and glucose tolerance test (GTT)

For ITT, the mice were fasted for 4h and then injected intraperi-
toneally with insulin solution at a dosage of 0.8 1U/kg. For GTT,
the mice were fasted overnight (~12h). The next morning, mice
were injected intraperitoneally with glucose solution at a dosage
of 1.1 g/kg body weight. Blood glucose was measured using a Free
Style Lite glucometer.

Histological analysis

To characterize the histological alterations, liver and adipose tis-
sue from four animals in each experimental group were fixed by
10% buffered formalin, embedded in paraffin, and then sectioned.
Histopathologic study was executed using H&E-stained sections.

Serum liver functions and blood lipids assay

Serum taken from mice in each group were used for analysis
ALT, AST, TC, TG, LDL, HDL, insulin and cytokines according
to the manufacturer’s instructions.

Quantitative RT-PCR

Total RNA from each animal was extracted from the liver or adi-
pose tissue using TRIzol (Takara, Dalian, China). RNA samples
were reversed to cDNA and analyzed by quantitative PCR, and the
relative expression of specific genes was determined using the real-
time PCR master mix (Roche, Basel, Switzerland) by using an ABI
7900 Real-Time PCR System. The actin gene was used as an
endogenous control to normalize for differences in the amount of
total RNA present in the samples. PCR primers were used as
follows:

TNF-0, 5-CTGTGAAGGGAATGGGTGTT-3' (forward), 5'-
CAGGGAAGAATCTGGAAAGGTC-3' (reverse);

IL-1B, 5-CTTCAGGCAGGCAGTATCACTC-3' (forward)and
5'-TGCAGTTGTCTAATGGGAACGT-3' (reverse);

IL-6, 5-TTCTTGGGACTGATGCTG-3' (forward) and 5'-CT
GGCTTTGTCTTTCTTGT T -3'(reverse); B-actin, 5-TGCTGTC
CCTGTATGCCTCT-3' (forward) and 5-TTTGATGTCAC
GCACGATTT-3' (reverse).

Statistical analysis

Data are expressed as mean+ SEM. ANOVA with post hoc two
comparisons is used to evaluate the differences between various
experimental and control groups. p Values less than 0.05 were
considered significant.

Results
Silymarin ameliorated fat accumulation in DIO mice

In this study, we used a mice model of HFD-induced obesity to
evaluate the effect of silymarin. Mice were fed with HFD or nor-
mal chow diet (NCD) for 14 weeks. The bodyweight of HFD-fed
mice was significantly higher in comparison with the NCD group.
Concurrently with HFD, silymarin (30, 60mg/kg) were given
orally for the last 3 weeks. As shown in Figure 1(a), administra-
tion of silymarin caused loss of body weight in diet induced
obesity (DIO) mice to some extent (from 47.7 to 43.0 g) while the
food intake in each group has no difference (Figure 1(b)).
Epididymal fat was taken, weighted and normalized for body
mass (Figure 1(c-e)). 60 mg/kg silymarin significantly reduced the
epididymal fat mass (from 1.75 to 1.12 g) and the fat index (from
4.6 to 3.2%) in DIO mice.

Silymarin suppressed blood lipids levels in HFD-induced
obesity mice

In order to evaluate the blood lipids levels, serum was collected
and analyzed. The results showed that the HFD fed induced a
great increase of TC, TG and LDL in serum as compared to NCD
group. Treatment with silymarin (60 mg/kg) showed a significant
decrease of serum level of TC, TG and LDL (Figure 2(a—c)),
whereas no significant difference in the level of HDL was
observed among NCD group, HFD group and silymarin-treated
groups (Figure 2(d)). Adipose sections stained with hematoxylin
& eosin showed in Figure 2(e) proved that silymarin significantly
improved lipid metabolism.

Silymarin improved HFD-induced liver injury

It is well known that HFD can trigger sever liver damage. As
shown in Figure 3(a,b), DIO mice have a higher level of AST and
ALT in serum compared to NCD group. Treatment with sily-
marin caused a dose-dependent decrease of ALT and AST level in
serum. Liver tissue samples of mice in NCD group showed nor-
mal lobular architecture with central veins, and no obvious stea-
tosis, inflammation or necrosis was observed (Figure 3(c)). In
HFD group, the structure of hepatic cord was deranged, and a
great accumulation of fat droplets, various degrees of diffuse hep-
atic steatosis could be found obviously. Liver section form sily-
marin-treated mice showed less degree and extensive of fatty liver
than HFD group (Figure 3(c)). These results suggested that sily-
marin treatment alleviated fatty liver in DIO mice.

Silymarin decreased insulin resistance in HFD-induced obesity
mice

In ITT assay, mice exhibited a state of insulin resistance after
14 weeks of HFD treatment. The silymarin administration
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Figure 1. Silymarin ameliorated fat accumulation in HFD-induced obesity mice. Mice were fed with NCD or HFD for 14 weeks, then treated with silymarin for 3 weeks,

followed by 12-h fasting. Bodyweight (a) and food intake (b) were recorded. (c) Epididymal fat mass was harvested and weighted (d) and normalized for total body
mass (e). Values are means+SD (n=8). *p < 0.05, **p < 0.01, compared to HFD group.
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Figure 2. Silymarin suppressed blood lipids levels in HFD-induced obesity mice. (a) Mice were fed with NCD or HFD for 14 weeks, then treated with silymarin for 3
weeks, followed by 12-h fasting. (a—d) Serum were collected for TC, TG, LDL and HDL analysis. (e) Epididymal fat was harvested and stained with H&E. Values are

means+SD (n=8). *p < 0.05, **p < 0.01, compared to HFD group.

significantly improved insulin sensitivity (Figure 4(a)). Similarly,
GTT assay also showed that silymarin increased glucose tolerance
as compared with NCD mice (Figure 4(b)). Moreover, silymarin
reversed the elevation of fasting serum insulin concentrations
caused by HFD (Figure 4(c)).

Silymarin counteracted inflammation in HFD-induced
obesity mice

Next, the anti-inflammatory property of silymarin was evaluated
by determining protein levels of inflammatory cytokines in serum

and mRNA levels in liver and adipose tissue, including TNF-o,
IL-6 and IL-1B. As shown in Figure 5(a-c), fed with HFD signifi-
cantly increased the level of TNF-o, IL-6 and IL-1f in serum as
well as in liver and adipose tissue while silymarin significantly
decreased these cytokine levels.

Discussion

Insulin resistance is found in the metabolic syndrome associated
with obesity and type-2 diabetes mellitus, which is the major cul-
prit for the development of diabetes,

hypertension and
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Figure 4. Silymarin decreased insulin resistance in HFD-induced obesity mice. Mice were fed with NCD or HFD for 14 weeks, then treated with silymarin for 3 weeks.
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means+SD (n=8). *p < 0.05 and **p < 0.01 compared to HFD group.
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Figure 5. Silymarin counteracted inflammation in HFD-induced obesity mice. Mice were fed with NCD or HFD for 14 weeks, then treated with silymarin for 3 weeks. (a)
TNF-0,, IL-6 and IL-1B in serum were tested by ELISA. (b,c) mRNA levels of TNF-o, IL-6 and IL-1B in liver (b) and epididymal fat (c) were examined by RT-PCR. Values are

presented as means+SD (n=8). *p < 0.05 and **p < 0.01 compared to HFD group.

cardiovascular diseases (Matthaei et al. 2000; Saltiel 2000). Our
results showed that administration with silymarin reduced the
total body weight while it has no effect on lean body weight,
decreased serum TC, TG, and LDL levels and improved insulin
resistance in obesity mice. Meanwhile, the reductions in fasting
blood glucose, insulin level were obviously observed in silymarin-
treated DIO mice. GTT and ITT experiments demonstrated that
silymarin significantly improve glucose tolerance and insulin sen-
sitivity. These results suggest that silymarin may be candidate for
treatment of insulin resistance.

Insulin resistance is a common pathological state in which tar-
get tissues failing to respond properly to physiologic insulin level.
Among these tissues, liver is very sensitive to insulin and it is an
important regulator of glucose-glycogen homeostasis, thus it pre-
cedes other organs to develop insulin resistance triggered by obes-
ity (Bugianesi et al. 2005). Therefore, as an important tissue for
whole body glucose homeostasis, investigating the pathogenesis of
insulin resistance in the liver may be beneficial for the manage-
ment of diabetes and its associated complications. In our study,
liver injury was assessed with histological and biochemical param-
eters. Our results here showed that obvious liver injury and hep-
atic steatosis were observed in HFD group. Silymarin could
improve the degree of hepatic steatosis and inflammation in liver
tissue, and decrease the levels of serum ALT, AST. The results
suggested that silymarin could effectively inhibit the HFD-induced

fatty liver and improve the liver function. Our results are in
agreement with data obtained with a rat model (Zhang et al.
2013).

The pathogenic role of inflammation in insulin resistance is
increasingly recognized. Several factors such as oxidative stress,
inflammation, glucotoxicity, lipotoxicity and adipokine dysregula-
tion have been implicated in the genesis of insulin resistance
(Shoelson et al. 2007; Piya et al. 2013). Inflammatory cytokines
have been shown to play an important role in the regulation of
glucose homeostasis and insulin resistance. Abnormal changes in
these cytokine profiles could reduce insulin sensitivity of remote
insulin sensitive organs including liver. Adipose tissue inflamma-
tion contributes to insulin resistance through proinflammatory
cytokines such as TNF-a, IL-6 and IL-1f (Shoelson et al. 2006),
while infiltration of proinflammatory cells into pancreatic islets
may contribute to beta cell failure (Ehses et al. 2007). TNF-a, IL-
6 and IL-1P were higher in the serum of obesity mice than in
that of control mice. Conversely, silymarin remarkably diminished
TNF-a, IL-6 and IL-1 level at both the mRNA and protein level.

In conclusion, when obesity was induced by HFD in mice, co-
treatment with silymarin improved hepatic steatosis, serum ALT/
AST levels, insulin resistance, and glucose metabolism through
the inhibition of inflammation levels in mice. At the same time,
silymarin treatment reduced fat accumulation in DIO mice. We
deduced that the improvement of silymarin on obesity-induced
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insulin resistance may dependent on both its effect on inflamma-
tion alleviation and fat mitigation. Therefore, silymarin maybe a
potent useful herbal in the daily prevention of metabolic syn-
dromes. Further, the detail mechanism and target for silymarin
needs to be verified.
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