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[ABSTRACT] Liver  fibrosis  is  a  pathological  process  characterized  by  excess  deposition  of  extracellular  matrix  (ECM)  that  are
mainly derived from activated hepatic stellate cells. Previous studies suggested that ligustroflavone (LF) was an ingredient of Ligus-
trum lucidum Ait. with activities of anti-inflammation and anti-oxidation. In this study, we investigated whether LF had any effect on
liver fibrosis. In our study, we established a mouse model of carbon tetrachloride (CCl4)-induced liver fibrosis and used TGF-β1-stimu-
lated human hepatic stellate cell  line (LX-2) to explore the effect  of LF and associated underlying mechanism. LF was used in vivo
with  low  dose  (L-LF,  5  mg·kg–1,  i.p.,  3  times  each  week)  and  high  dose  (H-LF,  20  mg·kg–1,  i.p.,  3  times  each  week)  and in  vitro
(25  μmol·L–1). Histopathological  and  biochemical  assays  investigations  showed  that  LF  delayed  the  formation  of  liver  fibrosis;  de-
creased AST, ALT activities and increased Alb activity in serum; decreased MDA level, Hyp content and increased GSH-Px concen-
tration, SOD activity in liver tissues. Moreover, immunohistochemical, immunofluorescent and Western blot results showed that LF re-
duced the expressions of hepatic stellate cells specific marker proteins, including collagen I and α-SMA in vivo and in vitro. In addi-
tion, LF markedly suppressed TGF-β1-upregulated protein expressions of TβR I, TβR II, P-Smad2, P-Smad3 and Smad4 in LX-2 cells.
Taken together, these findings demonstrated LF could decrease histopathological lesions, ameliorate oxidative injury, attenuate CCl4-
induced liver fibrosis, which may be associated with down-regulating the TGF-β/Smad signaling pathway.
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Introduction

Liver fibrosis is a common characteristic of chronic liver
diseases in the world, and it is mostly caused by viral hepatit-
is, alcoholism,  metabolic  agents,  and  steatohepatitis  de-
veloped from chronic liver injury [1]. Liver fibrosis is a wound-
healing response  presented  by a  massive  production  and de-
position  of  extracellular  matrix  (ECM) [2-3].  Hepatic  stellate
cells  (HSCs),  the  major  mesenchymal  cells  in  liver  and  the
source of fibrogenic cells, play a vital role in the pathogenes-

is of hepatic fibrosis. Activation of HSCs is mediated by vari-
ous cytokines and reactive oxygen species released from the
damaged hepatocytes. HSCs undergo a process of transdiffer-
entiation  from  the  quiescent  cells  to  myofibroblasts,  which
produces  the  main  components  of  ECM,  such  as  collagen
type I and α-smooth muscle actin (α-SMA) [4-6]. Type I colla-
gen accumulation is  a  common hallmark of  fibrotic  diseases
in  various  organs  including  the  liver [7].  Fibroblasts  are  also
generated  from epithelial  cells  and  HSCs through epithelial-
mesenchymal transition (EMT) [8]. The proteomic features of
EMT  include  the  loss  of  epithelial  cell  adhesion  molecules
such as epithelial E-cadherin, which are replaced by the mes-
enchymal markers, α-SMA, matrix metalloproteinase (MMP)-
2,  MMP-9,  collagens,  and  the  intermediate  filament  protein
vimentin [9-11].

HSCs can be  activated by numerous  growth factors  and
inflammatory  cytokines,  such  as  platelet-derived  growth
factor (PDGF)-BB and TGF-β1.  Among them, TGF-β1 is the
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most effective  cytokine for  the  transformation and prolifera-
tion of HSCs [12]. TGF-β/Smad signaling pathway plays a key
role in the progression of liver fibrosis by promoting transdif-
ferentiation and migration of HSCs [13]. Thus, blocking TGF-
β/Smad signaling pathway may serve as an effective strategy
for inhibiting activation of HSCs [14]. The activated HSCs are
major  targets  for  antifibrotic  therapy.  If  the  activation  of
HSCs can be inhibited,  or  even the activation state  of  HSCs
can  be  reversed  to  a  static  state,  it  can  provide  an  effective
clinical treatment of liver fibrosis.

Ligustri Lucidi Fructus (LLF), the fruit of Ligustrum lu-
cidum Ait.  is  a  major  component  among  kidney-tonifying
herbal  prescriptions [15].  Modern  pharmacological  studies

have found that LLF has antioxidant [16], anti-osteoporosis [17],
anti-tumor  effects [18] and  so  on.  Ligustroflavone  (LF)
is a  natural  flavonoid  glycoside  from  the  LLF.  This  com-
pound provides  significant  pharmacological  properties,  in-
cluding  anti-inflammatory [19], and  anti-complementary  ef-
fects [20].  In  addition,  LF  is  a  calcium-sensing  receptors
(CaSR) antagonist and has protective effects against diabetic
osteoporosis  in  mice [21].  LF  can  also  reduce  necroptosis  in
rats’ brains  after  ischemic  stroke  through  targeting
RIPK1/RIPK3/MLKL  pathway [22].  However,  the  effects  of
LF on liver fibrosis, thus far, have not been reported.

Therefore,  in  this  study  we  investigated  the  antifibrotic
effects  LF  on  the  human  hepatic  stellate  cell  line  LX-2  and
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Fig. 1    LF protected against in CCl4-induced liver injury. (A) The molecular structure of LF. (B) Schematic representation of the
liver fibrosis model in C57BL/6J mice induced by intraperitoneal CCl4 (diluted at 1∶4 in olive oil) that was administered twice a
week for 6 weeks. Meanwhile, LF was intraperitoneally injected with for 6 weeks. (C) The time course of the body weight gained
during the experiment. (D) body weight, liver weight, liver/body weight. Results were shown as the means ± SEM (n = 6–7). *P <
0.05, **P < 0.01 vs the CCl4 group; #P < 0.05, ##P < 0.01 vs control group
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carbon  tetrachloride  (CCl4)-induced  hepatic  fibrosis  in  mice
and elucidated the potential mechanisms underlying its func-
tion in vitro and in vivo. 

Materials and Methods
 

Induction of hepatic fibrosis by CCl4
Male  C57BL/6J  mice  (twenty-eight  male,  weighing

between  18  g  and  22  g)  were  supplied  by  the  Experimental
Animal Research Center of the Fourth Military Medical Uni-
versity (FMMU). The animals were kept under room temper-
ature (25 ± 1 °C), atmospheric moisture (50% ± 10%), a reg-
ular  12-hour  dark-light  cycle,  and  were  fed  with  standard
laboratory  food and water.  To create  animal  models  of  liver
fibrosis,  C57  mice  were  intraperitoneally  (i.p.)  injected  with
CCl4 (diluted at 1∶4 in olive oil) or olive oil alone (2 mL/kg
body  weight)  twice  a  week  for  6  weeks [23]. Mice  were  ran-
domly divided into five groups (n = 7/group); (i) Control group;
(ii)  LF  group;  (iii)  CCl4 group and  (iv)  CCl4 +  L-LF group;
(v) CCl4 + H-LF group; We used two different doses of LF to
assess its efficacy. Mice were administered LF with low dose
(L-LF,  5  mg·kg–1)  and  high  dose  (H-LF,  20  mg·kg–1) [21] by
intraperitoneal  injection  for  6  weeks,  either  alone  or  after
CCl4 administration. Mice were then sacrificed 24 h after the
last  injection  of  LF.  Blood  samples  were  collected  from the
orbit of the mice for further biochemical analysis. Some por-
tions of liver tissues were fixed in 10% formalin for paraffin
preparation  while  other  portions  were  snap-frozen  in  liquid
nitrogen and then stored at −80 °C until use. All animal study
procedures were verified by the Institutional Animal Care and
Use Committee of FMMU and were performed according to
the approved guidelines. 

Biochemical analysis assay
Serum activities  of  alanine  aminotransferase  (ALT),  as-

partate aminotransferase  (AST)  and  albumin  (Alb)  were  de-
tected  to  assess  liver  function.  The  glutathione  peroxidase
(GSH-Px) concentration,  superoxide dismutase  (SOD) activ-
ity  and  malondialdehyde  (MDA)  level  in  liver  tissues  were
measured to estimate the lipid peroxidation products and anti-
oxidants. As  a  major  component  of  collagen  proteins,  Hy-
droxyproline (Hyp) content was used to assess the degree of
liver  fibrosis.  They  were  all  measured  with  commercial  kits
(Nanjing Jiancheng Bioengineering Institute, Nanjing, China)
using a half-automatic biochemical analyser, according to the
manufacturer’s instructions. 

Tissue sectioning and histopathology
The  fixed  paraffin  tissues  were  dehydrated  in  a  graded

ethanol  series  and  were  embedded  in  paraffin  wax.  Tissues
were  placed  on  glass  slides,  and  paraffin  was  removed  with
xylene.  Then,  the  tissue  sections  were  subjected  to
haematoxylin and eosin, Masson’s Trichrome and Sirius Red
staining  to  evaluate  the  severity  of  fibrosis.  Examinations
were  performed and  photographs  were  captured  with  a  light
microscope (DM2000 LED, Leica,  Solms,  Germany).  Image
J  software  (National  Institutes  of  Health,  Maryland,  USA)
was used  to  calculate  the  ratio  of  the  area  with  positive  ex-

pression  to  the  total  field  of  Masson’s  Trichrome and  Sirius
Red staining. 

Immunohistochemistry staining
Liver  specimens  fixed  in  10% buffered  formalin  were

embedded in  paraffin  blocks.  Liver  sections  were  then  pro-
cessed  using  a  standard  immunostaining  protocol.  After
routine  deparaffinization,  blocked  endogenous  peroxidase
was  treated  with  0.3% H2O2 for  10  min  and  blocked  in  5%
BSA for 60 min. Then, the sections were incubated with anti-
α-SMA  antibody  (1∶100,  Abcam,  MA,  USA)  or  anti-COL
1A1  antibody  (1∶200,  Santa  Cruz  Biotechnology,  Texas,
USA) overnight at 4 °C, and were incubated with biotin-con-
jugated goat anti-mouse IgG for 1 h at room temperature. The
sections  were  incubated with  the  SABC (Streptavidin  Biotin
complex,  Boster,  USA)  for  30  min,  developed  with  DAB
(3,3′-diaminobenzidine,  Boster,  USA)  and  counterstained
with haematoxylin.  The  sections  were  observed  and  photo-
graphed with a microscope. Image J software (NIH) was used
to  calculate  the  ratio  of  the  area  with  positive  expression  to
the  total  field  of α-SMA and  COL  1A1  Immunohistochem-
istry staining. 

Cell culture
The human immortalized  HSC LX-2 cells  was  obtained

from  Prof.  YUE  Zhen-Sheng,  Department  of  Hepatobiliary
Surgery,  Xijing Hospital  of FMMU. The cells  were cultured
in High Glucose DMEM (HyClone, Utah, USA) supplemen-
ted  with  10% FBS  (Gibco,  California,  USA),  100  U·mL–1

penicillin  and  100  μg·mL–1 streptomycin  (Solarbio,  Beijing,
China)  at  37  °C  and  5% CO2 in a  fully  humidified  atmo-
sphere. 

Immunofluorescence staining
5 ng·mL–1 TGF-β1 was added in a medium of LX-2 cells

with  LF  (25  μmol·L–1)  for  24  h.  After  incubation,  the  cells
were  fixed  in  4% paraformaldehyde  in  PBS  for  10  min  and
were  permeabilized  with  0.3% Triton  X-100  in  PBS  for  15
min  at  room  temperature.  Nonspecific  binding  sites  were
blocked by incubating the cells  with 2% bovine serum albu-
min  for  1  h.  The  fixed  cells  were  incubated  with  a  primary
antibody  against α-SMA  (1∶100,  Abcam),  COL  1A1
(1∶200, Santa  Cruz  Biotechnology)  overnight  at  4  °C,  fol-
lowed  by  incubation  with  fluorescence  (FITC)-conjugated
goat  anti-rabbit  IgG  (1∶50,  Cowin  Biosciences,  Beijing,
China)  for  70  min  at  room  temperature.  The  cellular  nuclei
were stained  with  DAPI  for  10  min.  All  samples  were  im-
aged with a light microscope (DM2000 LED, Leica). Image J
software  (NIH)  was  used  to  calculate  the  ratio  of  the  area
with positive expression to the total field of α-SMA and COL
1A1. 

Western blotting
Protein  from  each  sample  was  subjected  to  8%–10%

SDS-PAGE by electrophoresis under reducing conditions and
was  transferred  to  NC  membrane  (Pall  Gelman  Laboratory,
USA).  The  blotted  membrane  was  then  blocked  with  5%
skim milk or  5% BSA for  1 h at  room temperature and was
incubated respectively with α-SMA antibodies (1∶200, Ab-
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cam),  COL  1A1  (1∶200,  Santa  Cruz  Biotechnology),  P-
Smad2 (1∶1000, Cell Signaling Technology, Massachusetts,
USA),  P-Smad3  (1∶1000,  CST),  Smad2  (1∶500,  CST),
Smad3  (1∶1000,  CST),  TβR I  (1∶1000,  Wanleibio,
Shenyang,  China),  TβR  II  (1∶1000,  Wanleibio),  Smad4
(1∶1000,  Wanleibio),  Vimentin  (1∶2000,  Proteintech,
Wuhan,  China), E-cadherin  (1∶5000,  Proteintech)  and β-
actin  (1∶5000,  Beyotime  Biotechnology,  Shanghai,  China)
overnight  at  4  °C.  The membranes  were  washed three  times
in TBST and were incubated with goat anti-mouse/rabbit con-
jugated  Horseradish  Peroxidase  (HRP)  secondary  antibody
(1∶5000, Proteintech)  for  1  h  at  room  temperature.  Mem-
branes  were  visualized  using  ECL  method  (4A  Biotech,
Beijing, China). The intensity value of the protein bands was
quantified with Image J software (NIH). 

Statistical analysis
Data are expressed as the Mean ± standard error of mean

(SEM). Difference between multiple groups was analyzed by
one-way  ANOVA  with  Tukey’s  post-hoc  tests.  Difference
was considered to be statistically significant when P-value <
0.05. 

Results
 

LF protected against in CCl4-induced liver injury
To  explore  the  role  of  LF  in  the  progression  of  liver

fibrosis, we established liver fibrosis model by administering

CCl4 intraperitoneally for 6 weeks and harvested tissues after
the final LF treatment with a dosage of 5, 20 mg·kg–1 (Fig. 1B).
Fig. 1C exhibits a time course of the body weight gain for the
treated mice over 6 weeks. The CCl4 group gained less body
weight  than  the  control  group,  more  liver  weight  than  the
control group, and the CCl4 + L-LF group and CCl4 + H-LF
group resulted in an intermediate amount of body weight and
liver  gain  (Fig.  1D).  Compared to  the  CCl4 group,  the  liver/
body weight ratio of the CCl4 + H-LF group has decreased by
about 16% (Fig. 1D). Moreover, the results also have showed
that LF had no effect on healthy mice. 

LF  ameliorated  CCl4-induced hepatic  dysfunction  and  oxid-
ative injury

ALT and  AST are  commonly  used  biomarkers  for  liver
damage. Compared to the control group, the serum ALT and
AST activities were significantly higher, while the Alb activ-
ity  was  significantly  lower  (P <  0.01)  in  the  CCl4 group.
Compared  to  CCl4 group,  ALT  and  AST  activities  of  the
CCl4 +  H-LF group were  respectively  down-regulated  about
81% and 66%,  while the Alb activity of CCl4 + H-LF group
was up-regulated 1.2-fold. (Fig. 2A)

Compared to  the  control  group,  the  GSH-Px  concentra-
tion  and  SOD  activity  were  significantly  lower,  and  MDA
level  was  significantly  higher  (P <  0.01)  in  the  CCl4 group.
Additionally, compared to the CCl4 group, the results showed
a significant decrease in liver MDA level in the LF high-dose
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Fig. 2    LF ameliorated CCl4-induced hepatic dysfunction and oxidative injury. (A) Serum activities of AST, ALT and Alb. (B)
liver GSH-Px concentration. (C) liver SOD activity. (D) liver MDA level. Results were shown as the means ± SEM (n = 6–7). *P <
0.05, **P < 0.01 vs the CCl4 group, #P < 0.05, ##P < 0.01 vs control group
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groups (P < 0.01). Additionally, liver GSH-Px concentration
and liver SOD activity were increased significantly in the LF
high-dose  groups  (P <  0.05).  Moreover,  the  results  also
showed that LF had no effect on healthy mice. 

LF ameliorated  CCl4-induced  histological  damage  and  liver
fibrosis in liver injury

According to H&E staining (Fig. 3A), the liver tissues of
the  control  group  showed  normal  lobular  architecture  with
central veins  and  radiating  hepatic  cords,  with  no  regenerat-
ing  collagen  fibers.  In  the  CCl4 group, extensive  degenera-
tion, a dense inflammatory infiltrate, and the disappearance of
the normal  structure  of  the  lobes  were  observed.  Liver  tis-
sues in the CCl4 + H-LF group showed significantly less nec-
rosis  of  hepatic  cells  and  less  collagen  deposition  than  the
CCl4 group.

In  addition,  the  results  of  Masson’s  Trichrome  staining
(Figs.  3B and 3D)  showed  that  collagen  fibers  area  in  the
CCl4 group was largely enhanced compared with the control
group, but was markedly decreased in the CCl4 + H-LF group
(P < 0.01). The extent of liver fibrosis was also documented
by Sirius Red staining. A marked increase in Sirius Red stain-

ing  area  was  observed  in  the  livers  of  the  CCl4 group com-
pared with the control group (Figs. 3C and 3E). By contrast,
the  CCl4-induced  increase  in  Sirius  Red  staining  was
markedly reduced in the CCl4 + H-LF group (P < 0.01). Hy-
droxyproline serves as a marker of collagen deposition in liv-
er  fibrosis.  Compared  to  the  control  group,  Hyp  content  in
liver  tissues  was  significantly  increased  in  the  CCl4 group.
Hyp content was decreased significantly in the CCl4 + H-LF
group compared with the CCl4 group (Fig. 3F, P < 0.01). The
CCl4-induced liver  injury  and  fibrosis  were  significantly  at-
tenuated  in  the  CCl4 +  H-LF  group,  but  the  CCl4 +  L-LF
group  had  no  statistical  significance.  Moreover,  the  results
also showed that LF treatment in absence of CCl4 had no sig-
nificant effects on histological changes. 

LF  attenuated  the  expressions  of  α-SMA  and  COL  1A1  in
CCl4-induced liver fibrosis

The  results  of  immunohistochemistry  showed  that  the
positive  expressions  of α-SMA  and  COL  1A1  proteins  in
CCl4 group was  significantly  increased,  and the  positive  ex-
pressions  of α-SMA  and  COL  1A1  proteins  were  found  in
central  vein,  hepatic  sinusoid  space,  portal  area.  Compared
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with  CCl4 group,  the  expression  of α-SMA  and  COL  1A1
proteins  significantly  decreased  in  CCl4 +  H-LF  group
(Figs.  4A–4D, P <  0.01).  The  histopathology,  biochemical,

and immunohistochemical  analyses  of  high-dose  LF  treat-
ment with CCl4-induced liver fibrosis had significant signific-
ance.  In contrast,  the low-dose group did not.  Therefore,  the
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following  experiments  were  conducted  in  the  20  mg·kg–1

dose  group  (CCl4 + H-LF).The  results  of  WB  further  con-
firmed that the expressions of α-SMA and COL 1A1 proteins
in  CCl4 +  H-LF  group  was  significantly  lower  than  that  of
CCl4 group (P <  0.05).  Meanwhile,  LF had no effect  on the
expression  of  COL  1A1  and α-SMA  in  the  liver  of  healthy
mice (Figs. 4E–4G). In addition, EMT has been regarded as a
crucial mechanism in the progress of liver fibrosis. As shown
in Fig. 4E, the results of western blot analysis showed that the
protein  levels  of  vimentin  were  significantly  higher  in  the
CCl4 group compared with the control group, and the E-cad-
herin  (Figs.  4E and 4H)  level  was  significantly  lower  than
that  of  the  control  group.  Additionally,  vimentin  (Figs.  4E
and 4I)  levels  in  the CCl4 +  H-LF groups were significantly
lower than in the CCl4 group, E-cadherin levels in the CCl4 +
H-LF  groups  were  significantly  higher  than  in  the  CCl4
group, as expected. 

LF reduced the expressions of α-SMA and COL 1A1 in TGF-
β1-stimulated LX-2 cells

Immunofluorescence analysis’s results showed that the α-
SMA and COL 1A1 expressions were significantly higher in
the  TGF-β1-stimulated  group  compared  with  the  control
group.  Additionally,  compared  to  the  TGF-β1-stimulated
group, the α-SMA (Figs. 5A and 5C) and COL 1A1 (Figs. 5B
and 5D)  expressions  were  significantly  lower  (P <  0.01)  in
the  TGF-β1 + LF  group.  In  accordance  with  the  Immuno-
fluorescence  analysis’s  results,  the  upregulation  of α-SMA
and  COL  1A1  by  LF  were  further  confirmed  with  protein
levels using the Western blots. LF, when co-treated with TGF-
β1,  presented the inhibitory effects on the TGF-β1-stimulated
expression  of α-SMA  (Figs.  5E and 5F)  and  COL  1A1
(Figs.  5E and 5G)  proteins  (P < 0.01)  in  LX-2  cells  com-
pared with the TGF-β1-stimulated group.  Treatment with LF
alone did not change the state of hepatic stellate cells. 

LF down-regulated TGF-β/Smad signaling pathway in vitro
As  shown  in Figs.  6A and 6B,  western  blot  analysis

showed  that  the  protein  expressions  of  TβR  I,  TβR  II,  P-
Smad2, P-Smad3 and Smad4 were significantly higher in the
TGF-β1-stimulated  group  compared  with  the  control  group,
and  this  effect  in  the  LF  +  TGF-β1 group  was  significantly
lower than in the TGF-β1-stimulated group, as expected. 

Discussion

As  is  well  known,  liver  fibrosis  is  the  last  reversible
stage in chronic hepatopathy. However, there is lack of ideal
drugs such as anti-fibrotic agents for curing hepatic fibrosis at
present. Therefore,  it  is  an  urgent  task  to  discover  some  ef-
fective drugs  for  preventing or  treating liver  fibrosis  and in-
vestigate  the  mechanism  of  action  against  it.  Although  it  is
reported that flavonoid glycosides derived from LLF has anti-
inflammatory  property,  its  mechanism  for  the  treatment  of
liver fibrosis is not clear. In our study, we have reported that
LF has therapeutic effects on CCl4-induced liver fibrosis and
have  investigated  its  underlying  mechanism  of  action.  The
result  indicated  that  LF  modulated  the  TGF-β/Smad signal-

ing  pathway  in  reducing  the  expressions  of  hepatic  stellate
cells specific marker proteins against liver fibrosis during the
progress of the disease.

In this study, the classical subcutaneous injection of car-
bon tetrachloride  was  used to  establish  the  model  of  hepatic
fibrosis in mice. It  has been proved that carbon tetrachloride
can  directly  destroy  the  hepatic  cell  membrane  and  cause
hepatic  lobular  cell  necrosis,  resulting  in  hepatic  fibrosis  in
mice [24].

According to our study, the liver of mice was observed,
weighed and  the  organ  coefficient  was  calculated.  It  is  sug-
gested that LF can improve the swelling and edema of liver in
mice with hepatic fibrosis (Fig. 1D). AST and ALT are com-
mon markers  of  liver  injury.  LF  can  down-regulate  the  ex-
pression of ALT, AST and up-regulate the expression of Alb
(Fig.  2A) in  mice  with  hepatic  fibrosis.  These  results  con-
firmed  that  LF  improved  the  liver  function  in  CCl4-induced
liver fibrosis.

Oxidative  stress  is  recognized  as  one  of  liver  injure
mechanisms related to liver fibrosis, and it  accelerates colla-
gen synthesis  by activating hepatic  stellate  cells  (HSCs)  and
ECM deposition through the TGF-β1 signaling pathway dur-
ing hepatic fibrosis progression [25-27].  MDA, GSH, and SOD
are  important  indicators  of  oxidative  stress  in  the  liver [28].
According  to  our  experiments,  biochemical  results  indicated
that the protective effect of LF on CCl4-induced liver fibrosis
in mice may be achieved by increasing the expression of anti-
oxidants  SOD and  GSH-Px  as  well  as  reducing  the  level  of
lipid peroxide MDA. Its mechanism may be that LF contains
multiple hydroxyl groups, which can provide electrons to re-
act with free radicals, thus scavenging free radicals and inhib-
iting lipid peroxidation.

The  effect  of  LF  on  CCl4-induced  hepatic  injury  and
fibrosis  were  evaluated  by  H&E,  Masson  and  Sirius  Red
staining  (Figs.  3A–3E).  Hydroxyproline,  a  major  constituent
of  collagen,  is  a  key marker  for  ECM accumulation.  LF can
down-regulate the expression of Hyp (Fig. 3F). It was found
that  LF could significantly  prevent  death of  hepatocytes  and
cholangiocytes,  decrease  a  large  number  of  inflammatory
cells  infiltrated and aggregated in  the high-dose group.  As a
consequence,  liver  fibrosis  is  ameliorated  based  on  that  LF
reduced the area of  portal  area fibrosis  and bridging fibrosis
in  the  high-dose  group.  Under  the  continuous  stimulation  of
injury factors, HSCs are transformed from a static vitamin A
storage type to α-SMA expressing myofibroblasts, which are
the  main  cells  that  synthesize  and  secrete  collagen  fibers.  It
mainly secretes type I, type III and type IV collagen, and its
ability to synthesize ECM is stronger, which plays an import-
ant  role  in  the  occurrence  and  development  of  hepatic
fibrosis. α-SMA  is  regarded  as  an  important  marker  of  the
HSCs activation which are  the  primary cell  type in  the  liver
responsible  for  excess  collagen  synthesis  during  liver  fibro-
sis [29].  The  above  results  suggested  that  LF  can  down-regu-
late the marker of HSCs’ activation (α-SMA and COL 1A1),
and this may be the potential mechanism underlying its liver
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fibrosis-mitigating effect in vitro and in vivo.
Recent  studies  have  demonstrated  that  ECM  is  not  the

only factor leading to liver fibrosis, and HSCs can be capable
of  transferring  and  expressing  typical  markers  of  fibroblasts
by EMT and then participate in the formation of  liver  fibro-
sis [14].  Therefore,  EMT  is  also  a  main  part  of  liver  fibrosis
pathology [30].  In the present study, our results from Western
blot  analyses  showed  that  LF  attenuated  the  expression  of
EMT related  protein  Vimentin  and  up-regulated  the  expres-
sion of EMT related protein E-cadherin, which indicated that

the inhibition of EMT could be one of the mechanisms for LF
to exert its effects on liver fibrosis.

Long-term  inflammation  and  oxidative  stress  caused  by
liver  injury  can  lead  to  liver  fibrosis.  The  morphology  of
HSCs can  change  and  transform  into  myofibroblasts  secret-
ing many fibrosis related factors including TGF-β1 in the pro-
cess  of  liver  injury.  TGF-β1 is  one  of  the  most  important
fibrosis  mediators.  TGF-β1 strongly stimulates  HSCs to  pro-
duce  collagen  type  I,  thereby  producing  a  large  number  of
ECM and  inhibiting  ECM degradation [31].  TGF-β1 can  bind
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to  TGF-β receptor  (TβR)  on  the  HSC  membrane,  in  which
HSCs  receptors  include  type  I  and  type  II  receptors.  Smads
protein  family,  as  the  main  effector  downstream of  TGF-β1,
can  mediate  the  intracellular  signal  transduction  of  TGF-β1
from the receptor  to the nucleus.  When TGF-β1 binds to the
HSCs  membrane  receptor  and  activates  TβR1,  activated
TβR1 can phosphorylate activated Smad2 and Smad3 into P-
Smad2  and  P-Smad3,  and  form  a  complex  of  Smad2/3/4,
transferring  into  nucleus  together  with  Smad4 [32-34].  The
transport of  this  complex  into  the  nucleus  enhances  the  ex-
pression  of α-SMA  and  COL  1A1  and  promotes  fibrosis.
Subsequently, we used a human immortal HSC cell line (LX-
2) to  more thoroughly investigate  the protective mechanism.
Our results showed that LF treatment was able to down-regu-
late  TGF-β1-induced α-SMA  and  COL  1A1  expressions  in
LX-2 cells (Fig. 5). It is due to that LF could inhibit the phos-
phorylation  level  of  Smad2  and  Smad3  induced  by  TGF-β1
(Figs. 6A and 6B). It inhibits their entry into the nucleus, thus
reducing the fibrosis  activity  of  TGF-β1. LF reduced the ex-
pression of hepatic stellate cells specific marker proteins, in-
cluding collagen I and α-SMA, by down-regulating the TGF-
β/Smad  signaling  pathway,  so  as  to  alleviate  liver  fibrosis.
This  further  suggested  that  inhibition  of  Smad2/3  activation
may be one of mechanisms of beneficial effects of LF on liv-
er fibrosis.

According  to  previous  reports,  the  pairing  of  Sophora
flavescens  and  LLF  ameliorated  CCl4-induced  histological
damage  and  hepatic  dysfunction,  but  the  research  evidence
was  limited,  and  the  effective  components  and  mechanism
were not clear [35]. In our study, it was confirmed that Ligus-
troflavone had anti-fibrotic effects in vivo and in vitro.

We  acknowledge  several  limitations  with  this  study.
First,  our  results  showed  that  LF  had  a  protective  effect  on
CCl4-induced  liver  fibrosis  in  mice,  but  there  are  other
fibrosis models of different mechanisms, such as thioacetam-
ide (TAA)-induced liver fibrosis model and bile duct ligation
(BDL)-induced liver fibrosis model, which need to be further
verified the mechanisms of LF effect on anti-fibrosis. Second,
some changes of oxidative stress indicators of SOD activity,
GSH-Px concentration and MDA level were observed in our
study,  indicating  that  the  attenuation  of  oxidative  stress  also
be  one  of  the  mechanisms  of  hepatoprotective  effect  of  LF.
Many studies have revealed that ROS is overproduced to pro-
mote hepatocyte apoptosis and activate hepatic stellate cells,
when  oxidative  stress  occurs  in  the  liver [36].  Subsequently,
the occurrence  and  development  of  liver  fibrosis  were  regu-
lated by activation of Nrf2, TGF-β,  NF-κB and other related
cytokines,  signal  molecules  and  their  downstream  signal
pathways [37]. However, whether LF affects the occurrence of
liver  fibrosis  through  ROS  remains  to  be  further  studied.
Third,  the  hepatoprotective  effect  of  LF  was  obvious  which
LF alleviate CCl4-induced liver fibrosis, but we only prelim-
inarily  studied  the  possible  mechanism.  Additional  works
should  be  required  to  investigate  more  details  on  TGF-
β/Smad  signaling  pathway  involved  in  the  anti-fibrogenesis

of LF. It points the way to find the target protein directly ac-
ted  by  LF  thought  virtual  screening  and  molecular  docking
techniques. Furthermore, if the anti-fibrosis mechanism of LF
was further confirmed in the primary hepatic stellate cells and
related inhibitors,  which  will  be  a  comprehensive  supple-
ment to the existing studies. 

Conclusion

In conclusion,  LF  was  involved  in  inhibiting  the  occur-
rence of liver fibrosis, and the mechanism may be associated
with  the  following factors:  (1)  The inhibition of  EMT could
be one of the mechanisms for LF to exert its effects on liver
fibrosis. (2)  The  hepatoprotective  effect  of  LF  might  be  re-
lated  to  alleviation  of  CCl4-induced  oxidative  stress.  (3)  LF
down-regulated  TGF-β/Smad  signaling  pathway  in  LX-2
based on the protein expression of Smad2/3 phosphorylation
decreasing, which  resulted  in  down-regulating  the  transcrip-
tions of α-SMA and COL 1A1.
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