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Inhibitory effect of silymarin on CCl -induced liver
fibrosis by reducing Ly6C" monocytes infiltration
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Abstract: It has been well established that silymarin has hepatoprotective and anti-fibrotic effects. But the mecha-
nisms are poorly understood. In recent years, the role of Ly6C" monocytes in liver fibrosis has been well demon-
strated. Thus, in present study we aimed to investigate whether silymarin can relieve liver fibrosis by reducing Ly6C"
monocytes infiltration. The mouse model of liver fibrosis was established by injected with carbon tetrachloride (CCI,)
via intraperitoneal repeatedly. Mice in silymarin group received silymarin treatment by gavage. Silymarin signifi-
cantly reduced liver inflammation and fibrosis of the mice induced by CCl, injection, as revealed by liver histological
and pathological analysis. Mice administrated by silymarin exhibited less infiltration of Ly6C" monocytes. But there
was no difference on other tested leukocyte subsets between CCl, group and silymarin group. Meanwhile, further
study found that silymarin significantly reduced CCl,-induced increased expression of tumor necrosis factor (TNF)-a,
transforming growth factor (TGF)-B1 and monocyte chemoattractant protein 1 (MCP-1), which was in line with the
decreased numbers of intrahepatic Ly6C" monocytes. In conclusion, our study showed that the anti-inflammatory
and anti-fibrotic effects of silymarin could be contributed to the prevention of Ly6C" monocytes infiltration into the
injured livers, which will give us a better understanding on the cellular mechanism of hepatoprotective and anti-
fibrotic effect for silymarin.

Keywords: Silymarin, liver fibrosis, Ly6C" monocytes, monocyte chemoattractant protein-1, transforming growth
factor-f1

Introduction For the sake of better therapeutic targets,
pathophysiological mechanism of liver fibrosis

Liver fibrosis is caused by imbalances between has been further studied in recent years.

liver inflammation and repair owing to many
chronic liver diseases, for example viral infec-
tion, toxic damage, metabolic disorders and
alcohol abuse, characterized by excessive de-
position of extracellular matrix (ECM) [1, 2].
Fibrous deposition in liver, especially collagen-I,
can protect hepatocytes against various toxic
stimuli. However, dysregulated and excessive
fibrous deposition can lead to liver structural
damage, liver malfunction and liver cirrhosis
[3]. Up until now there was no effective drug to
treat liver fibrosis during clinical practice [4].

Massive studies have shown that innate immu-
nity, especially macrophages, plays a key role in
liver fibrosis [2, 5-7].

Liver macrophages can promote liver fibrosis
through multiple pathways, for example, releas-
ing proinflammatory factors, such as tumor
necrosis factor (TNF)-«, interleukin (IL)-1B and
IL-6, to in induce hepatocyte necrosis, and pro-
fibrogenic cytokines, such as transforming
growth factor (TGF)-B1, to directly activate
hepatic stellate cells (HSC) [1, 6, 8-12]. There
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are two major sources of macrophages in the
liver: one is the long-lived, self-renewing resi-
dent Kupffer cells (KFs) which are seeded from
embryonic progenitors. In the steady state, KCs
maintain without the contribution of circulating
bone marrow-derived monocytes [13]. The sec-
ond is the migration of monocytes from bone
marrow and peripheral blood under pathologi-
cal conditions [14-16]. Following injury, the
monocytes in the peripheral blood are largely
chemotactic into the liver and activated into
macrophages which released proinflammatory
and pro-fibrogenic cytokines to aggravate liver
injury and fibrosis [15, 16]. These findings sug-
gest that inhibition of monocytes infiltration
may be a novel target for the treatment of liver
fibrosis [17].

Further researches revealed that monocytes
are mainly divided into two major subsets
according to cell surface molecules Ly6C: clas-
sical monocytes (Ly6C" monocytes) and non-
classical monocytes (Ly6C" monocytes) [18,
19]. Classical monocytes express high levels of
CCR2 and Ly6C but low levels of CX3CR1, with
a proinflammatory and pro-fibrotic effect. On
the other hand, nonclassical monocytes ex-
press high levels of CX3CR1 and low levels of
CCR2 and Ly6C with anti-inflammatory and
anti-fibrosis effect [18, 19]. High expression of
CCR2 receptor of Ly6C" monocytes can com-
bine with chemoattractant protein 1 (MCP-1),
which is elevated in acute and chronic liver dis-
eases, resulting in chemotaxis of Ly6C" mono-
cytes into the liver [9, 20-22]. Compared to wild
mice, MCP-17- and CCR27- mice exhibited less
liver fibrosis in both murine models of toxic (car-
bon tetrachloride (CCl,)) and metabolic (methi-
oninecholine-deficient diet) liver fibrosis [23].
Similar phenomenon was observed in mice
administrated with pharmacological inhibition
of MCP-1 [24]. Thus, the strategy to decrease
infiltration of Ly6C" monocytes through MCP-1/
CCR2 axis has become an important target for
the treatment of liver fibrosis [17].

Silybum marianum (L.Gaertn) is a medicinal
plant of the genus compositae. Silymarin is a
compound which contains the total medicinal
components of silybum marianum, mainly con-
taining silybin, isosilybin, silydianin and sily-
christin [25]. As a traditional protecting-liver
drug, silymarin has specific efficacy and extre-
mely low toxicity, widely used in the treatment
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of liver disease [25, 26]. Many clinical and
animal studies have confirmed that silymarin
has the function of protecting liver cells and
relieving liver fibrosis [27, 28]. But the underly-
ing mechanism remains obscure. Therefore, in
the present study we investigated whether
silymarin can alleviate CCl,-induced liver fibro-
sis by inhibiting the infiltration of Ly6C"
monocytes.

Materials and method
Mice

A total of 30 male C57BL/6 mice weighing
22-25 g were bought from Beijing Vital Riv-
er Experimental Animals Technology (Beijing,
China). The mice were housed to laboratory
conditions (23°C, 12 h/12 h light/dark, 50%
humidity, ad libitum access to food and water)
for 1 week prior to experimentation.

Experimental protocol

Mice model of liver fibrosis was established
according to the method as previously de-
scribed [29]. Mice were randomly assigned into
three groups: the control group in which mice
were injected with olive oil and orally given sodi-
um carboxymethylcellulose (CMC-Na) as con-
trol; the CCI, group in which mice were injected
intraperitoneally with 0.6 ml/kg dose of CCl,
(CCl,: olive oil = 1:4, 3 pl/g CCl, oil) twice weekly
for 4 weeks, and without silymarin treatment;
the silymarin group in which mice were injected
intraperitoneally with CCl, as mice in the CCl,
group, but treated with silymarin. Silymarin was
dissolved in 0.5% sodium CMC-Na and given
once daily by gavage at 100 mg/kg/d. This
dose of silymarin was the optimal dose proved
by the previous studies [27, 28]. For the control
group and CClI, group, mice were administrated
orally with the same amount of CMC-Na aque-
ous solution.

Within 48 hours of the last drug administration,
mice were anaesthetized with chloral hydrate
and sacrificed for tissue collection. Liver tis-
sues were removed and washed with phos-
phate buffered solution (PBS). A small portion
of liver tissues was isolated and put on ice for
flow cytometry. Part of liver tissues was fixed in
10% formalin for hematoxylin-eosin (HE) stain-
ing, Masson staining and immunohistochemis-
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Table 1. Sequences of Primers Used for real
time PCR [30]
Gene Direction  Primer sequence (5’-3’)
TGF-B1 Forward GTGGAAATCAACGGGATCAG
Reverse ~ ACTTCCAACCCAGGTCCTTC
MCP-1  Forward ATTGGGATCATCTTGCTGGT
Reverse  CCTGCTGTTCACAGTTGCC
IL-1B Forward GGTCAAAGGTTTGGAAGCAG
Reverse  TGTGAAATGCCACCTTTTGA
IL.-6 Forward CATTTCCACGATTTCCCAGA
Reverse ~ TCCCTCTGTGATCTGGGAAG
TNF-a  Forward  AGGGTCTGGGCCATAGAACT
Reverse ~ CCACCACGCTCTTCTGTCTAC
B-actin  Forward  GGCTGTATTCCCCTCCATCG
Reverse ~ CCAGTTGGTAACAATGCCATGT

try (IHC) study. The remaining was frozen with
liquid nitrogen for real-time PCR.

HE and Masson staining

After 48 h of formalin fixation, mice liver tissues
were embedded in paraffin, and cut to 3-uym-
thick slices, which were stained with HE stain-
ing and Masson'’s trichrome staining according
to standard protocols. The sections were
scanned and analyzed by a pathologist who
was blinded to the different treatments in the
experiment.

Immunohistochemical staining

After xylene dewaxing and gradient ethanol
hydration, 3-um-thick paraffin sections were
immersed in 3% H,0, for 15 min to block endog-
enous peroxidase, and boiling in ethylenedia-
minetetraacetic acid (EDTA)-alkaline solution
for antigen retrieval. Then sample sections
were incubated with various primary antibody:
a-SMA (ab5694, Abcam, USA), collagen-I (ab-
34710, Abcam, USA), F4/80 (ab111101, Abc-
am, USA), CD45 (ab10558, Abcam, USA), CD-
11b (@ab13357, Abcam, USA), TGF-B1 (ab92486,
Abcam, USA) and MCP-1 (ab25124, Abcam,
USA) overnight at 4°C. After incubation with pri-
mary antibody, sample sections would be
flushed with PBS, then go on incubating with
secondary antibody (Life Technologies, Carls-
bad, USA) at 37°C for 25 min. Finally, generally
diaminobezidin (DAB) stained, hematoxylin
slightly stained and neutral balata fixed.

Absolute counts of CD45* cells (leucocytes),
F4/80* cells (macrophages) and CD11b* cells

11943

(monocytes) per high-power field (hpf) of sta-
ined liver sections were manually assessed in 5
different fields per mouse in a blinded fashion
by experienced pathologists.

Pictures of Masson staining, a-SMA and colla-
gen-l immunohistochemical staining were con-
verted to pixels by Image-ProPlus software.
Positive staining area of Masson staining (blue),
a-SMA and collagen-l immunohistochemical
staining (brown) per hpf of stained liver sec-
tions were assessed in 5 different fields per
mouse in a blinded fashion by experienced
pathologists. The extent of liver fibrosis was
assessed by the percentage between pixels in
the positive staining area and pixels in the
whole image.

Flow cytometry

Flow cytometry for analyzing intrahepatic leuco-
cytes was performed as described previously
[29]. Briefly. After PBS washing twice, liver sam-
ple was cut into small pieces of 3-4 mm3. Five
pieces were immediately put in a disposable
disaggregator Medicon with 1 ml PBS and pro-
cessed in the Medimachine System for 1 min.
Disaggregated cells were removed and pressed
through 70 um cell strainers to obtain single
cell suspensions. Single cell suspensions were
incubated immediately monoclonal antibodies
for 20 min in the dark. Related antibodies were
as follows: CD45 (557235, BD Pharmingen,
USA), CD11b (557397, BD Pharmingen, USA),
Grl/Ly6C (560595, BD Pharmingen, USA),
Ly6G (551460, BD Pharmingen, USA) and
F4/80 (25-4801-82, eBioscience, USA), NK1.1
(557391, BD Pharmingen, USA), CD3 (13-
0032-80, eBioscience, USA), CD11c (557400,
BD Pharmingen, USA) and CD19 (550992, BD
Pharmingen, USA). At last, flow-cytometric anal-
ysis was performed on a FACS Aria Il (BD
Bioscience, USA).

Real-time gene expression analysis

Total RNA in frozen liver tissues was extracted
using TRIzol reagent (Life Technologies, USA),
subsequently converted to cDNA by the
PrimeScript RT Master Mix kit (Takara, China).
Quantitative real-time PCR was performed on a
Step-One Plus (Applied Biosystems) using SYBR
Premix ExTaq kit (Takara, China). All primers
and PCR product sizes of this study are listed in
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Figure 1. Silymarin attenuated CCl,-caused liver inflammation. A: ALT and AST levels of mice in each group (n=10 per
group). B: Hematoxylin and eosin staining of the liver tissues. All data are expressed as the mean + SEM. **P<0.01.

Original magnification: x100; bar =50 ym.

Table 1. B-actin was used as an internal control
[30].

Statistical analysis

All data were expressed as the mean + stan-
dard error of the mean (SEM). Statistical analy-
sis was performed using one-way analysis of
variance (ANOVA) test by SPSS 22.0 software.
P<0.05 was considered to be statistically
significant.

Results

Silymarin inhibited CCl -caused liver inflamma-
tion

The hepatoprotective effect of silymarin was
evaluated mainly by liver function and HE stain-
ing. As shown in Figure 1, the mice in control
group exhibited intact liver tissue, no necrosis
of liver cells and normal level ALT and AST.
Afterrepeated CCI, injection intraperitoneally,
the liver tissues of mice in the CCI, group
showed obviously liver cells steatosis, necrosis
and leukocytes infiltration which were signifi-
cantly relieved by silymarin administration.
Besides, silymarin also markedly reduced
increased ALT and AST induced by CCl, injec-
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tion (P<0.01, P<0.01) (Figure 1B). These results
suggested that silymarin can significantly
reduce CCl -induced liver inflammation in vivo.

Silymarin reduced HSCs activation induced by
CCl, and alleviated liver fibrosis

The anti-fibrotic effect of silymarin was evalu-
ated mainly by Masson staining, collagen-l and
a-SMA immunohistochemistry. Masson stain-
ingwas used to observe the collagen fibers of
liver tissues. Through analyzing Masson stain-
ing of liver tissue in different groups, it was
found that liver fibrosis had become apparent
after repeated CCI, injection intraperitoneally,
and total collagen fibers remarkably increased.
However, the liver of mice administrated with
silymarin exhibited significantly decreased col-
lagen deposition (P<0.05) (Figure 2A), which
was consistent with that of collagen-l immuno-
histochemistry (Figure 2B). In addition, the pro-
tein abundance of a-SMA, the marker of acti-
vated HSCs, was detected by immunohisto-
chemistry during liver fibrosis. The results
showed that a-SMA expression was significant-
ly elevated in the fibrotic liver (P<0.01), but was
significantly reduced by silymarin (P<0.05)
(Figure 2C). These results suggested that sily-

Int J Clin Exp Pathol 2017;10(12):11941-11951
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Figure 2. Silymarin reduced CCl -caused liver fibrosis in mice. A: Masson staining of the liver tissues and statisti-
cal analyses of positive area (n=10 per group). B: Collagen-I staining of the liver tissues and statistical analyses of
positive area (n=10 per group). C: a-SMA staining and of the liver tissues and statistical analyses of positive area
(n=10 per group). All data are expressed as the mean + SEM. *P<0.05, **P<0.01. Original magnification: x100;
bar =50 pym.
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Figure 3. Silymarin reduced infiltrations of leukocytes, monocytes and macrophages in liver fibrosis. A: Immunohis-
tochemistry staining of CD45" leukocytes and statistical analyses of positive cells (n=10 per group). B: Immunohis-
tochemistry staining of F4/80* macrophages and statistical analyses of positive cells (n=10 per group). C: Immuno-
histochemistry staining of CD11b* monocytes and statistical analyses of positive cells (n=10 per group). All data are
expressed as the mean £ SEM. *P<0.05, **P<0.01. Original magnification: x400; Bar =200 pm.
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Figure 4. Silymarin reduced infiltrations of Ly6C" monocytes in liver fibrosis. A: Gating strategy of Ly6C" monocytes, Ly6C" monocytes, B cell, T cell, NK cell, and DC
cell for flow cytometric analysis. B: Proportions of Ly6C" monocytes and Ly6C"° monocytes monocytes in liver leukocytes and liver total cells (n=10 per group). C:
Proportions of B cells, T cells, NK cells, and DC cells in liver leukocytes (n=10 per group). All data are expressed as the mean + SEM. *P<0.05, **P<0.01.
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marin can reduce HSCs activation induced by
CCl, and alleviate liver fibrosis.

Silymarin reduced Ly6C" monocytes infiltration
during liver fibrosis

Inhibitory effect of silymarin for Ly6C" mono-
cytes infiltration was assessed by immunohis-
tochemistry and flow cytometry. Through CD45,
CD11b and F4/80 immunohistological staining,
we found that there were massive influx of
CD45* leucocytes (P<0.01), especially F4/80*
macrophages and CD11b* monocytes after
challenged with CCI4 for 4 weeks (P<0.01,
P<0.01), which were significantly reduced after
silymarin treatment (P<0.01, P<0.01, P<0.05)
(Figure 3). Flow cytometry data revealed that
both proportion of Ly6C" monocytes (CD45*
Ly6G CD11b*F4/80*Ly6C") subset and Ly6C'"
monocyte (CD45'Ly6G CD11b*F4/80*Ly6C'")
increased significantly in the liver tissues of
CCl, group as compared with the control group
(Figure 4B). And the livers of mice administrat-
ed with silymarin had a significantly lower pro-
portion of Ly6C" monocyte infiltration than that
of CCI4 group. However, there was no difference
on the proportion of Ly6C"> monocyte between
silymarin group and CCl, group (Figure 4B). We
also did not observe any differences in terms of
B cells, T cells, natural Killer (NK) cells and den-
dritic cells (DC) (Figure 4C). These results dem-
onstrated that silymarin can reduce Ly6C"
monocytes infiltration, but have no effect on
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. promote liver fibrosis by
releasing pro-inflammatory
and pro-fibrogenic cytokines
[15, 16]. Thus, we measured
Ly6C" monocytes associa-
ted pro-infammatory and
pro-fibrogenic cytokines in
different groups by real-time
PCR. As shown in the Figure
intrahepatic MmRNA

expressions of TNF-a and

TGF-B1 significantly increa-
sed after CCl, administration (P<0.01, P<0.01).
Mice in silymarin group had significant lower
intrahepatic expressions of TNF-a and TGF-f1
as compared with CCl, group (P<0.01, P<0.05),
which was in line with the reduced numbers of
intrahepatic Ly6C" monocytes.

Silymarin inhibited the expression of chemo-
kine MCP-1 in liver fibrosis

MCP-1 is considered to be the prime mono-
cytes chemotactic factor [9, 21, 22]. Through
analyzing immunohistological staining and real
time PCR for MCP-1, we found that mice in CCl,
group had a significantly increased expression
of MCP-1 after challenged with CCI4 for 4 weeks,
which was in line with increased numbers of
intrahepatic Ly6C" monocytes. Meanwhile, sily-
marin was able to reduce increased expression
of MCP-1 induced CCI, injection (P<0.01)
(Figure 6). These findings may partly explain
why silymarin can reduce Ly6C" monocytes
infiltration during liver fibrosis.

Discussion

In recent years, there have been many studies
on the role of macrophages, especially mono-
cytes-derived macrophages in liver fibrosis [2,
5, 17]. In the CCl,-induced mice model of liver
fibrosis, CCR27 and CCR27"CCR67" mice, com-
pared to wild-type mice, exhibited decreased
infiltration of Ly6C" monocytes and milder liver

Int J Clin Exp Pathol 2017;10(12):11941-11951
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fibrosis. Such protection would disappear after
the adoptive transfer of wild-type Ly6C" mono-
cytes, which suggested that targeting Ly6C"
monocyte infiltration may be a key strategy for
liver fibrosis treatment [9, 30]. In current study,
we established mouse model of liver fibrosis
by repeated CCI, injections intraperitoneally,
then confirmed that Ly6C" monocytes marked-
ly increased in liver fibrosis.

As a traditional hepatoprotective drug, silyma-
rin is widely used in the treatment of liver fibro-
sis, acute and chronic hepatitis, which has
been proven to have a good curative effect with
minimal drug toxicity [26]. Clichici et al revealed
that silymarin administered in CCl,-induced
fibrosis model is capable of reducing liver in-
flammation and fibrosis [28]. Younis et al have
found that nano-formulations of silymarin, as
nanoparticles, improved its ability to resolve
cholestasis-induced liver fibrosis [31]. However,
little is known about its mechanism of anti-
fibrosis. A latest study showed that silibinin,
one of the active components of silymarin, can
inhibited MCP-1 secretion in cancer-associated
fibroblasts (CAFs), which, in turn, reduced im-
mune cells recruitment [32]. Therefore, we
raised such a question: is anti-fibrotic effect of
silymarin achieved by antagonizing the infiltra-
tion of Ly6C" monocytes? In the present study,
we confirmed that silymarin has a notable anti-
fibrosis effects by Masson staining, a-SMA and
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Figure 6. Silymarin inhibited the expression of chemo-
kine MCP-1. A: Immunohistochemical staining of MCP-

1

in the liver tissues. B: Hepatic mRNA expression of

MCP-1 (n=10 per group). All data are expressed as the
mean * SEM. *P<0.05, **P<0.01. Original magnifica-
tion: x400; Bar =200 pym.

collagen-lI immunohistochemistry, which was
consistent with the results of other researchers
[27, 28, 31]. Meanwhile, flow cytometry and
immunohistochemical analysis showed a sig-
nificant amount of leukocytes infiltration during
liver fibrosis. We found that silymarin signifi-
cantly inhibits the infiltration of Ly6C" mono-
cytes, but has little effect on other leucocytes
subpopulations, indicating that anti-fibrosis
effect of silymarin may be achieved by inhibit-
ing Ly6C" monocytes infiltration.

In acute and chronic liver injury, monocytes can
promote liver injury and fibrosis by a variety of
approaches, for example releasing TNF-a0 and
TGF-B1 [15, 16]. TNF-a is mainly secreted by
monocytes and macrophages in the acute and
chronic liver injury [33], and may trigger the pro-
duction of many other pro-inflammatory cyto-
kines and induce hepatocytes death through
the recruitment of neutrophils [34, 35]. Ban-
nwart et al revealed that silibinin can inhibit
TNF-a production of monocytes from pre-
eclamptic pregnant women in vitro [36]. Zaulet
et al revealed that silymarin can protect hepa-
tocytes against structural and ultrastructural
injuries induced by Bisphenol A (BPA) by reduc-
ing TNF-a« secretion [37]. These studies sug-
gested that silymarin is able to inhibit TNF-a
secretion and protect hepatocytes. In our pres-
ent study, it was also found that TNF-a secre-
tion significantly decreased in CCl,-injected

Int J Clin Exp Pathol 2017;10(12):11941-11951



Inhibitory effect of silymarin on CCl,-induced liver fibrosis

mice treated with silymarin, which may explain
why silymarin can protect hepatocytes in acute
and chronic liver inflammation. TGF-B1 is the
strongest cytokine which has been found so far
[38, 39]. Similar to TNF-a, monocytes and mac-
rophages are prime sources of TGF-1 in acute
and chronic liver injury [40]. In the present
study, the result of real-time PCR showed that
silymarin is able to reduce increased mRNA
expression of TGF-B1 induced by CCl, injection,
which was in line with the decreased numbers
of intrahepatic Ly6C" monocytes. These find-
ings may partly explain why silymarin can allevi-
ate liver fibrosis.

MCP-1/CCR2 axis is the key point of monocytes
chemotaxis [41, 42]. Compared to wild-type
mice, both MCP-17 and CCR2”7 mice exhibited
less Ly6C" monocytes infiltration and milder
liver fibrosis [23]. Furthermore, pharmacologi-
cal inhibition for MCP-1 may be capable of limit-
ing chronic liver injury and fibrosis in vivo [24].
These studies suggested the importance of
MCP-1 for the infiltration of Ly6C" monocytes.
Chang et al confirmed that silymarin can inhibit
MCP-1 expression of human mesangial cells
stimulated with TNF-a and IL-1[3 [43]. Besides,
silibinin also can inhibit MCP-1 secretion in
CAFs [32]. In our study, it was also proven that
silymarin can reduce the expression of MCP-1
in liver fibrosis, which partly explained why sily-
marin can reduce the infiltration of monocytes.
However, the mechanism by which silymarin
reduces MCP-1 secretion deserves further
investigation.

In conclusion, we found that silymarin has
inhibitory effect on liver fibrosis, which may be
associated with reduction of the Ly6C" mono-
cytes infiltration by inhibiting MCP-1 secretion.
These results suggest that silymarin is a prom-
ising candidate in the prevention and treat-
ment of liver fibrosis.
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