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Objectives. Schistosomiasis is a parasitic disease that affects over 142 million people worldwide. The main causes of death of
schistosomiasis include liver granuloma and secondary hepatic cirrhosis resulting from severe fibrosis. Despite intensive research,
controlling liver fibrosis associated with schistosomiasis remains challenging. Sedum sarmentosum total flavonoid (SSTF) is a
promising agent to reduce liver fibrosis with an unknown mechanism. Thus, the objectives of this study are to validate its effect on
the liver fibrosis caused by schistosomiasis and to explore the underlying molecular mechanism. Methods. Sixty male Sprague-
Dawley rats were randomly divided into six groups: one group of normal control and five groups of liver fibrosis induced by
schistosomiasis japonica with or without SSTF or colchicine treatment, the latter serving as the positive control. Liver tissues from
each animal were harvested to observe the degree and grade of hepatic fibrosis. We also measured the expression of transforming
growth factor-beta 1 (TGF-f1) and Smad7 using RT-qPCR, Western blot, and immunohistochemistry. Results. Compared with
the untreated model group, groups treated with SSTF at all three tested doses had significantly reduced hepatic fibrosis (P < 0.05).
Each dose of SSTF also significantly reduced TGF-f1 protein expression and mRNA levels in the liver tissues (P <0.05). In
contrast, the middle and high doses of SSTF significantly increased Smad7 protein expression and mRNA levels (P <0.05).
Immunohistochemistry showed that each dose of SSTF reduced TGF-f1 protein expression (P < 0.05). Conclusion. Our results
demonstrated that SSTF alleviated schistosomiasis japonica-induced hepatic fibrosis by inhibiting the TGF-f1/Smad7 pathway.

1. Introduction

Despite great efforts and major achievements, schistoso-
miasis remains an important global health concern [1, 2].
Circumoval granulomas and hepatic fibrosis are the major
pathologic manifestations of schistosomiasis [3]. Currently,
the only available treatment is praziquantel (PZQ), which
can reduce fibrosis but cannot prevent reinfection [4].
Although the mechanism of non-schistosomiasis hepatic
fibrosis is relatively clear, the mechanism of schistosomiasis-
induced hepatic fibrosis remains elusive. Hepatic fibrosis is a
pathophysiological process that involves an abnormal

proliferation of connective tissue cells in the liver caused by
various pathogenic factors. This results in excessive accu-
mulation of extracellular matrix (ECM) components in the
liver tissue. Hepatic fibrosis can progress to hepatic cirrhosis
over time. The main source of ECM in the liver is the hepatic
stellate cell (HSC), and activation of HSCs is the central link
in the formation of hepatic fibrosis [5]. Therefore, investi-
gating HSC activation is of great practical significance for
exploring effective treatment strategies that target the un-
derlying mechanism of hepatic fibrosis in schistosomiasis.

HSC activation is mainly mediated by some cytokines
and their signal transduction pathways. Among these
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cytokines, the most important is transforming growth fac-
tor-beta 1 (TGF-f1) [6, 7]. The TGF-f1/Smads signaling
pathway significantly influences HSC activation and ECM
production. Smad7 is an important component of the TGF-
f1/Smads signaling pathway. Smad7 is a negative regulator,
and its overexpression can block HSC activation and hepatic
fibrosis progression and even reverse hepatic fibrosis [8].
Sedum sarmentosum total flavanones (SSTF) are a
mixture of flavonoid compounds extracted from chuipencao
in traditional Chinese herbal medicine. SSTF contains
quercetin, kaempferin, luteolin, and hyperin [9, 10] and has
antibacterial, anti-inflammatory, and antioxidant properties.
It has been demonstrated that SSTF can promote liver cell
regeneration, induce HSC apoptosis, and prevent fibrosis
after liver or kidney injury [11-14]. Thus, SSTF has a variety
of pharmacological effects that could be targeted to treat
inflammatory diseases, such as hepatitis [12]. However, the
pharmacological effects of SSTF on fibrosis remain unclear.
In this study, we evaluated the therapeutic effects of SSTF
against schistosomiasis-induced hepatic fibrosis and further
sought to explore the potential mechanism of its therapeutic
effect. We hypothesized that SSTF exerts its antifibrosis
effect through inhibiting the TGF-f1/Smad7 signaling
pathway. To test our hypothesis, we observed the effect of
three different doses of SSTF on protein expression and
mRNA levels of TGF-f1 and Smad7 using a rat model of
schistosomiasis-induced liver fibrosis.

2. Materials and Methods

2.1. Animals. Sixty male Sprague-Dawley (SD) rats weighing
240+20g (license number: SCXK (E) 2015-0018, grade:
SPF) were purchased from the Animal Laboratory SPF
Center of Huazhong University of Science and Technology,
Wuhan, Hubei Province, and raised in the SPF animal
laboratory of the Experimental Animal Center of the Three
Gorges University in Yichang City, Hubei Province. The
experimental animals were kept in cages with 5 animals per
cage in a room with a temperature of 20-25°C and 50%-65%
humidity with a light-dark cycle of 12 h light and 12 h dark.
The rats were fed with food (rat pellet) and bottled water ad
libitum. The experiments started after one week of accli-
mation of the animals in the new environment. The rats were
3 months old, weighing 240 + 20 g at the commencement of
experimentation. The animal protocol for this study was
approved by the Institutional Animal Care and Use Com-
mittee of the Three Gorges University with an approved
protocol number of 2017010E.

2.2. Drugs and Reagents [11]. SSTF (68% purity) was
extracted by the College of Pharmacy of Three Gorges
University. Briefly, Sedum sarmentosum was extracted twice,
eight times each, with ethanol reflux, and the extract was
concentrated at 1:1 under a vacuum. After degreasing with
petroleum ether, the petroleum ether was dried to adjust the
concentration and pH of the solution. Sampling and elution
were carried out by the combination of macroporous resin
and column chromatography polyamide. The extract
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solution was first added to a macroreticular resin column for
adsorption for 24 h and then eluted with a 6-fold bed volume
of ethanol (10%, 30%, 50%, and 70% sequentially) at
2ml/min. Each elution fraction was collected and then
subjected to polyamide column chromatography for further
purification. After decompression and concentration, the
eluent was freeze-dried to obtain the total flavonoid powder
of Sedum sarmentosum. The composition of the total fla-
vonoids was analyzed by UV spectrophotometry. Schisto-
soma positive Oncomelania snails were purchased from the
Hubei Institute of Schistosomiasis Control and Prevention.
Schistosoma cercariae were obtained from the Oncomelania
hupensis snails by crushing the snails. Briefly, the bulk in-
fected snail tissue was crushed and put into an Erlenmeyer
flask, and then dechlorinated water (15-20°C) was added for
15 minutes. According to the distribution in the tail water,
the cercariae were mainly floating on the water surface. They
were collected by an inoculating loop under a microscope
and immediately used to infect animals; Colchicine was
purchased from the National Pharma Group Chemical
Reagent Co., Ltd. (lot number of 20140226).

2.3. Grouping and Procedures. Sixty healthy male rats were
randomly divided into 6 groups (10 in each group): normal
control group; infected groups without treatment (model
control group); low-dose SSTF group (100 mgkg '); me-
dium-dose SSTF group (200mgkg '); high-dose SSTF
group (400 mg-kg™'); and colchicine positive drug control
group (0.1 mg-kg"). Except for the normal control group,
the other groups were used to investigate schistosomiasis-
induced hepatic fibrosis as described below.

The hepatic fibrosis model with schistosomiasis japonica
was established as follows. Fifty male rats were infected with
Schistosoma japonicum cercariae (40+5) using the ab-
dominal wall plucking patch method. The rats were given a
routine diet, the rat pellets (carbohydrate 60%, protein 22%,
fat 10%, other 8%). According to the above groupings, SSTF
and colchicine were administered once a day by gavage,
starting after 6 weeks of infection for 4 weeks along with
simultaneous PZQ treatment for 2 days (40 mgkg™'). The
general condition, including mental state (good, wilting,
general, or normal), appetite (food consumption per day),
weekly weight gain, and bowel movements (feces status), of
infected rats, was analyzed in all groups to evaluate drug
effect. At the end of the 10™ week, the rats were fasted and
euthanized under anesthesia with sodium pentobarbital. A
part of the right lobe of the liver tissue was harvested for
further experiments (Figure 1).

2.4. Light Microscopy Analysis for Morphological Changes of
Liver Tissue. The liver was first examined for its texture and
color and adhesion to its surrounding tissues. Then, ap-
proximately 1 g of liver tissue was fixed in buffered formalin
(4.0% solution) for 24h. After embedding in paraffin, the
tissues were cut into 4 ym thick sections, and dewaxed with
xylene and then exchanged to ethanol. The tissue sections
were then rehydrated in gradient ethanol to water and
followed by heat-induced antigen repair solution (Maixin,
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FIGURE 1: Experimental design with S. japonicum infection and
treatment schedule.

Fujian, China). The slides were stained with the Masson
staining kit (Solarbio, Beijing, China) following the man-
ufacturer’s instructions: (1) Weigert’s iron hematoxylin
staining for 5 minutes, followed by tap water rinsing, and
then 1% hydrochloric acid alcohol differentiation for several
seconds and tap water rinsing for several minutes; (2)
Ponceau staining for 5-10 minutes followed by rinsing with
distilled water; (3) Phosphomolybdic acid aqueous solution
treatment for approximately 3-5 minutes; (4) Aniline blue
solution for 5 minutes; (5) 1% glacial acetic acid for 1
minute; (6) Dehydrated seal. At least five fields in liver slices
of each rat were examined using light microscopy, image
acquisition, and analysis. The degree of fibrosis was divided
into four levels: “~”: no obvious collagen fibrosis; “+:
collagen fibers increased significantly, extending radiantly
from the portal area or central vein without fibrous septum
formation; “++”: collagen fibers increased significantly and
formed a discontinuous fibrous septum; “+++7: collagen
fibers were connected into a complete fibrous septum, di-
viding the liver parenchyma [14]. Five fields of view were
randomly selected under a high power microscope of each
slice, and the percentage of collagen area with the blue color
in the total field area (positive area%) was calculated, and the
average value was taken by using the Image ] system software
for statistical analysis of pictures.

2.5. Immunohistochemistry Analysis of TGF-B1 Protein
Expression in Liver Tissue. Immune staining of the liver
tissue slides was performed following the kit instructions.
(Maixin, Fuzhou, China). Briefly, the liver tissues were fixed
with 4% paraformaldehyde, then paraffin-embedded, sec-
tioned, dewaxed, and rehydrated. After blocking the per-
oxidase with 3% H,0, methanol, antigens were retrieved by
autoclave. After blocking with 5% bovine serum albumin
(BSA) serum for 10 minutes, the slides were incubated with
rabbit anti-rat TGF-1 monoclonal antibody (1 :500, Santa
Cruz, USA) overnight at 4°C. On the next day, after rinsing
three times with phosphate-buffered saline (PBS), the slides
were incubated with the HRP-conjugated secondary

antibody (sheep anti-rabbit, 1:200, Boster, Wuhan, China).
After rinsing, the slides were stained in 1% DAB solution
(Boster, Wuhan, China). The slides were restained with
hematoxylin, followed by dehydration, and mounted with
coverslips. Slides were washed in PBS three times for 5
minutes each time between two steps. For light microscopic
examination, five observation fields (avoiding edge effect)
were selected at the four corners and the central part of the
section. Each observation field consisted of one portal area
plus one hepatic lobule or a fibrous interval. The number of
TGEF-1 positive cells was counted.

2.6. Western Blot Analysis of TGF-f1 and Smad7 Protein
Expression in Liver Tissues. Liver tissue (1 mg) was placed in
a microcentrifuge tube containing RIPA Lysis buffer
(Applygen, Beijing, China) and homogenized on ice. After
centrifugation, the supernatant was transferred to a new
tube, and protein concentration was determined using the
BCA Protein Assay (Applygen, Beijing, China). After lysing,
18 ug of protein was loaded onto and resolved by SDS-PAGE
electrophoresis (Bio-Rad, USA) and electrotransferred onto
a polyvinylidene difluoride (PVDF) membrane (Millipore,
USA). The membranes were blocked with 5% nonfat milk in
PBS-Tween 20 (PBS-T) for 2 hours at room temperature,
and the membranes were incubated overnight with the
specific primary antibodies against TGF-f1 (rabbit anti-rat
TGF-B1 monoclonal antibody, 1:1,000, AbCam, UK),
Smad7 (rabbit anti-rat, Smad7 monoclonal antibody 1 : 500,
Sigma, USA), or GAPDH (rabbit anti-rat GAPDH mono-
clonal antibody 1:2,000, Beyotime, China), respectively. On
the next day, the membranes were washed with PBS-T three
times and then incubated with sheep anti-rabbit secondary
antibody conjugated with HRP (Antgene, Wuhan, China)
for 1 hour at room temperature. The specific protein bands
were detected with chemiluminescence in a darkroom using
BeyoECL Plus (ECL Chemiluminescence Kit, ASPEN,
WuHan, China) and documented and analyzed using Image
Acquisition and Analysis Software (Flour Chem FC3 soft-
ware, Alpha Innotech, USA).

2.7. RT-qPCR Quantitative Analysis of TGF-f1 and Smad7
mRNA Levels in Liver Tissues. Total RNA in the liver tissue
was extracted using RNAiso Plus (D9108A, Takara, Da Lian,
China). RNA purity and concentration were analyzed using
UV spectrophotometry (A260:A280> 1.8 was considered
satisfactory). Total RNA (2 ul at a concentration of 0.2 ug/ul
for each sample) was reverse-transcribed into cDNAs using
the PrimeScript RT reagent kit (RR047A, Takara, Da Lian,
China). At the end of the RT reaction, RNase-free H,O was
added up to 50 ul, and the sample was then stored at —20°C
for use in the next step. The cDNAs (13.6 ul) were used for
qPCR using Roche LightCycler 480 (Switzerland) in a 96-
well plate with SYBR Premix Ex Taq™ kit (DRRO41A,
Takara, Da Lian, China). The thermocycling parameters
were 95°C for 10 seconds; 40 cycles of 95°C for 5 seconds and
60°C for 20 seconds; and 65°C for 15 seconds. GAPDH was
used as an internal control. All primer sequences are listed in
Table 1. The results were analyzed and quantified using the
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TaBLE 1: Primers used in RT-qPCR.
Gene Primer sequences (5'-3")

TGF-BI Forward AGGCGGTGCTCGCTTTGTA
Reverse GATTGCGTTGTTGCGGTCC

Smad7 Forward TACCTTCCTCCGATGAAACCG
Reverse GAGTCTTCTCCTCCCAGTATGCC

GAPDH Forward AAGTTCAACGGCAGTCAAGG
Reverse CGCCAGTAGACTCCACGACATA

Roche LightCycler 480 software. Target gene expression
(2724t was normalized to the endogenous GAPDH mRNA
expression. The amount of the target gene in the control
sample was set at 1.0. Thus, the resulting gene expression
relative to GAPDH was further normalized to the average of
the target gene in the normal control group.

2.8. Statistical Analysis. All data analyses were performed
with the SPSS19 software (version 19.0; SPSS, Inc., Chicago,
IL, United States), and all data are presented as the
mean + standard deviation (SD). One-way analysis of vari-
ance (ANOVA) was used to compare the difference between
6 groups. A P value <0.05 was considered statistically
significant.

3. Results

3.1. SSTF Treatment Improves the General Condition of In-
fected Rats without Affecting Survival. Rats in the normal
group had a good mental state, good appetite, normal weekly
weight gain, normal bowel movements, and no death at the
end of the experiment. In the infected group, body weight
either did not increase or slowly decreased with time, and the
spirit was wilting, activity and appetite decreased, stool did
not form, urine was yellowish, and one rat died at the end of
the experiment. The SSTF low-dose group was generally
better compared to the infected group. Specifically, weight
gain slowed and the appearance of the rats was similar to the
normal group and the medium and high-dose SSTF groups.
One rat died in the middle dose group, and two rats died in
the low-dose group. The colchicine positive group showed
similar performance to the SSTF-intervention group; one
animal died at the end of the experiment. Weekly body
weight changes during treatment are shown in Figure 2.
Compared to the normal control group, the infected group
without treatment exhibited a slow decrease in body weight
over time. Notably, SSTF dose-dependently increased body
weight compared to the infected group and similar to the
normal control (Table 2).

3.2. SSTF Treatment Decreases Hepatic Fibrosis in Infected
Rats. Compared with the control group, the other five
groups of the liver showed obvious dark blue collagen de-
position in the liver under Masson staining, indicating that
the model of schistosome-induced liver fibrosis was suc-
cessfully constructed. Liver lobules in the normal control
group were well organized with the hepatocytes arranged
radially around the central vein and a small amount of neatly
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arranged collagen fibers. In the infected group, the hepatic
lobules were destroyed, with increased fibrous tissue, cell
proliferation, and collagen deposition (blue color in Masson
trichrome staining) observed in the central vein, portal area,
and hepatic parenchyma. The area of fibrosis was approx-
imately 30%. SSTF treatment significantly reduced the area
of fibrosis in a dose-dependent manner (Figures 3(a)-3(g)).
The SSTF high dose group exhibited the highest reduction
(6-fold) of fibrosis, and the extent of the reduction was
similar to that in the colchicine positive control group. Thus,
SSTF treatment can significantly alleviate hepatic fibrosis
induced by schistosomiasis.

3.3. SSTF Treatment Alters Liver TGF-f31 and Smad7 Protein
Expression in Rats with Hepatic Fibrosis. To explore the
mechanism of SSTF’s effect on liver fibrosis, we measured
TGF-f1 and Smad7 protein expression. Figure 4 shows the
Western blot results of TGF-S1 and Smad7 in the liver
samples. Compared with the normal control group, TGF-f1
protein expression in the infected group was significantly
increased (by ~5 fold), whereas Smad7 protein expression
was significantly decreased by ~10-fold (P <0.01). Com-
pared with the infected group, SSTF treatment significantly
and dose-dependently reduced TGF-f1 protein expression,
with the highest level of reduction similar to that in the
colchicine group. SSTF treatment also normalized Smad7
protein expression in the infected liver tissue, with the
greatest increase observed in the high-dose group similar to
that of the colchicine positive control group. Thus, SSTF
treatment can significantly prevent an increase in TGF-f1
and a decrease in Smad7 protein expression in the liver tissue
following schistosomiasis infection.

3.4. Liver TGF-B1 and Smad7 mRNA Levels in Rats with
Hepatic Fibrosis. Changes in protein expression can be the
result of alterations in protein production or degradation.
Thus, we further measured TGF-f1 and Smad7 mRNA
levels. Compared with the normal control group, TGF-1
mRNA levels in the liver tissue of the infected group were
significantly increased, whereas Smad7 mRNA levels were
significantly decreased (P < 0.01; Figure 5). SSTF treatment
significantly and dose-dependently normalized these path-
ological changes of TGF-f1 and Smad7 mRNA levels, with
the greatest effects being similar to that in the colchicine
positive control. The effects of SSTF on TGF-f1 and Smad7
mRNA levels paralleled the effect of SSTF on protein ex-
pression, suggesting that SSTF primarily alters protein
synthesis of TGF-Bf1 and Smad7, although we cannot
completely exclude the possibility that SSTF influences
protein degradation.

3.5. Immunohistochemistry Analysis of TGF-f31 Expression in
Hepatocytes. To visualize TGF-f1 expression in the liver, we
also performed immunohistochemical staining. Figure 6
shows that there were no TGF-f1 positive cells in normal
liver tissues. In the infected group, however, a large number
of TGF-f1 positive cells were observed around the portal
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FIGURE 2: Weekly changes in body weight for all 6 groups over the duration of treatment. Weight comparisons between the 6 groups were
significantly different (ANOVA P < 0.05) by the end of 10™ week. There was no significant difference between the infected group and the
SSTE-L group; between the SSTF-L, SSTF-M, and colchicine groups; between the SSTF-M, SSTF-H, and colchicine groups, and between the
SSTF-H, control, and colchicine (P > 0.05).

TaBLE 2: General conditions of 6 groups of rats (y + s).

Group n Weight gain (g) Food consumption/day (g) Death (n) Mental state Stool traits
Normal 10 243.1+8.2 32.8+0.8 0 Good Normal
Infected 10 —(84.5+13.4)" 18.6 +£0.9* 1 Wilting Not form
Low-dose SSTF 10 52.7+12.5" 20.3+0.6 2 Wilting Not form
Medium-dose SSTF 10 83.1+15.3* 21.8+0.7* 1 General Not form
High-dose SSTF 10 140.8 +13.8* 229+1.1% 0 Normal Form
Colchicine positive 10 138.1+19.2" 23.1+0.9" 1 Normal Form

Note: compared with group normal, *P <0.05.

area and central vein, with a small number of hepatocytes
observed around the fibrous septum. In addition, there were
numerous cells with deep staining or with a wide range of
positive staining. SSTF treatment progressively decreased
the TGF-f1 positive staining and reached a level of reduction
similar to that in the positive treatment control group with a
high dose of SSTF.

4, Discussion

Schistosomiasis is a major public health concern worldwide.
Hepatic fibrosis from two major subtypes of Schistosomiasis,
S. Mansoni and S. japonicum, is directly related to morbidity
and mortality. However, there is currently no effective
treatment for hepatic fibrosis. To this end, we explored a new
treatment of hepatic fibrosis using an extract of Chinese
herbal medicine, SSTF, which has been reported to reduce
fibrosis following liver and kidney injury [13]. Our results
demonstrate that SSTF can significantly and dose-depen-
dently reduce S. japonicum-induced liver fibrosis. We also
observed the impact of SSTF on key signaling molecules in
fibrosis formation. Our results revealed that SSTF treatment
could significantly reduce the expression of the profibrotic
molecule TGF-f1 in the liver following S. japonicum

infection at both the mRNA and protein levels. In contrast,
SSTF treatment reversed the reduction of the antifibrotic
molecule Smad7. While a detailed mechanism remains to be
elucidated, our study provides a potential molecular
mechanism of SSTF’s antifibrotic effect.

Hepatic fibrosis is a chronic, progressive, and diffused
pathological change of the liver caused by many factors. It is
characterized by HSC proliferation and ECM deposition.
Hepatocyte degeneration and necrosis after liver injury are
followed by regeneration and fibrous tissue proliferation.
Severe liver cirrhosis can often result in hepatocellular
carcinoma [15, 16].

TGEF-f31 is mainly produced by hepatic parenchymal cells
and HSCs in the liver. Its expression can accurately deter-
mine the degree of hepatic fibrosis. TGF-f1 is one of the
most potent hepatic fibrosis promoting factors and is in-
volved in nearly all of the key aspects of liver fibrosis [17].
TGF-f1 generally promotes fibrosis through the following
three mechanisms [18, 19]: (1) inhibiting ECM degradation
by promoting the expression of tissue inhibitor of metal-
loproteinases (TIMPs) and inhibiting the expression of
matrix metalloproteinases (MMPs); (2) inducing the for-
mation of myofibroblasts by epithelial-mesenchymal tran-
sition (EMT); (3) promoting HSC activation and formation
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normalized to GAPDH (*P <0.05 compared to the normal control group; #p<0.01 compared to the infected group).

of fibrosis through the Smads-dependent pathway and other
non-Smads pathways, such as MAPK, NF-x B, PI3K, and
others. Thus, the inhibitory effect of SSTF on liver TGF-f1
expression following S. japonicum-induced infection in our
study suggests that one main mechanism of SSTF’s anti-
fibrotic effects is through controlling the expression of
Smads.

It is currently believed that the Smads protein is a critical
negative regulator of TGF-f1 signaling transduction from
the cell membrane receptor to the nucleus. Smad7 can re-
verse TGF-f1 signaling to achieve antifibrotic effects [19].
Overexpression of Smad7 inhibits the phosphorylation of

the TGF-B1 receptor and prevents activation of TGF-f1
signaling. By reversing the TGF-f1/Smads signaling path-
way, Smad7 can reduce the expression of type I collagen and
a-smooth muscle actin in activated HSCs. Thus, Smad7 plays
an important anti-fibrosis role [17, 18, 20]. The TGF-f1/
Smads signaling pathway is the most classical pathway of
TGEF-f1 in promoting fibrosis. It plays a significant role in
HSC activation and proliferation, ECM deposition, and
hepatic fibrosis.

Currently, there is no ideal antifibrotic drug to treat
hepatic fibrosis [21]. Previous studies have shown that some
Chinese medicines can reverse hepatic fibrosis by reducing
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infected group, and SSTF treatment markedly decreased the rate of TGF-f1 positivity (* P < 0.05 compared to the control group; " P < 0.01

compared to the infected group).

TGEF-f1 and increasing Smad7. For example, silymarin and
oxymatrine can significantly reduce TGF-f1 expression in
rat models of hepatic fibrosis [22, 23]. Shikonin and
astragaloside can downregulate Smad3,4 and upregulate
Smad7 expression [6, 24]. Thus, the effect of traditional
Chinese medicine on TGF-f1 expression and the reversal of
hepatic fibrosis have become a current focus. Although SSTF

has been reported to prevent hepatic fibrosis in other hepatic
injury models to some extent due to its anti-inflammatory
properties, the mechanism remains unclear. SSTF is the
main active ingredient extracted from Sedum sarmentosum.
Our study provides further insights into the molecular
mechanism of SSTF’s antifibrotic effects by inhibiting the
TGF-f1/Smad pathway. Our results suggest that SSTF can



not only inhibit the expression of a key profibrotic molecule
but can also promote the expression of a key antifibrotic
molecule in the same signaling pathway. This dual action of
controlling the expression of key signaling molecules may
explain SSTF’s strong antifibrosis effect.

The SSTF used in this study is a complex plant extract
containing many components. The biological activity of SSTF
could be a synergistic effect of its multiple active components.
Alternatively, it may contain only a single active component.
The detailed molecular mechanism of SSTF’s effect on alle-
viating schistosomiasis japonica-induced hepatic fibrosis
needs to be further elucidated. In addition, we observed that
even though SSTF can significantly alleviate hepatic fibrosis, it
did not improve survival in our rat model. A similar phe-
nomenon was also observed for the colchicine positive
control. Thus, the death of the infected animals in our ex-
perimental groups may not be directly related to hepatic fi-
brosis and could be the result of acute systemic
hypersensitivity, warranting further investigation.

Our study shows that SSTF treatment can reduce schis-
tosomiasis-induced liver fibrosis by downregulating TGF-f31
and upregulating the Smad7 expression in liver tissue, thus
preventing TGF-f1 from activating HSCs and reducing the
degree of hepatic fibrosis. Our study demonstrated that SSTF
has the potential to be developed as an antifibrotic drug.
Further research is needed to determine whether the effects of
SSTF on TGF-B1 and Smad7 are direct effects or indirect
effects through acting on other molecular target(s) and
whether other pathways are also affected by SSTF treatment.
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HSC: Hepatic stellate cell

PVDEF: Polyvinylidene difluoride

SD: Sprague-Dawley

TIMPs:  Metalloproteinases

MMPs: Matrix metalloproteinases

EMT: Epithelial-mesenchymal transition
ANOVA: One-way analysis of variance.
Data Availability

The datasets generated and analyzed during the present
study are available from the corresponding author upon
reasonable request.

Conflicts of Interest
The authors declare that there are no conflicts of interest.

Authors’ Contributions

Peng-chun Yang, Wei-zhe Bai, and Jing Wang contributed
equally to this work.

Evidence-Based Complementary and Alternative Medicine

Acknowledgments

This work was supported by the Foundation of Health and
Family Planning Commission of Hubei Province (nos.
WJ2015XB018 and WJ2017X020).

References

[1] X.-N. Zhou, J.-G. Guo, X.-H. Wu et al., “Epidemiology of
schistosomiasis in the People’s Republic of China, 2004,”
Emerging Infectious Diseases, vol. 13, no. 10, pp. 1470-1476,
2007.

[2] G. R. Olds and S. Dasarathy, “Recent advances in schisto-
somiasis,” Current Infectious Disease Reports, vol. 3, no. 1,
pp. 59-67, 2001.

[3] M. Chiaramonte, A. W. Cheever, J]. D. Malley,
D. D. Donaldson, and T. A. Wynn, “Studies of murine
schistosomiasis reveal interleukin-13 blockade as a treatment
for established and progressive liver fibrosis,” Hepatology,
vol. 34, no. 2, pp. 273-282, 2001.

[4] P. Méder, G. A. Rennar, A. M. P. Ventura, C. G. Grevelding,
and M. Schlitzer, “Chemotherapy for fighting schistosomiasis:
past, present and future,” ChemMedChem, vol. 13, no. 22,
pp. 2374-2389, 2018.

[5] S. L. Friedman, “Mechanisms of disease: mechanisms of
hepatic fibrosis and therapeutic implications,” Nature Clinical
Practice Gastroenterology & Hepatology, vol. 1, no. 2,
pp. 98-105, 2004.

[6] X. Yuan, Z. Gong, B. Wang et al,, “Astragaloside inhibits
hepatic fibrosis by modulation of TGF-f1/Smad signaling
pathway,” Evidence-Based Complementary and Alternative
Medicine, vol. 2018, Article ID 3231647, 13 pages, 2018.

[7] L. M. Norona, D. G. Nguyen, D. A. Gerber, S. C. Presnell,
M. Mosedale, and P. B. Watkins, “Bioprinted liver provides
early insight into the role of Kupffer cells in TGF-f1 and
methotrexate-induced fibrogenesis,” PLoS One, vol. 14, Ar-
ticle ID €0208958, 2019.

[8] A. M. Gressner and R. Weiskirchen, “Modern pathogenetic
concepts of liver fibrosis suggest stellate cells and TGF- f3 as
major players and therapeutic targets,” Journal of Cellular and
Molecular Medicine, vol. 10, no. 1, pp. 76-99, 2006.

[9] T. Morikawa, Y. Zhang, S. Nakamura, H. Matsuda,
O. Muraoka, and M. Yoshikawa, “Bioactive constituents from
Chinese natural medicines. XXII. Absolute structures of new
megastigmane glycosides, sedumosides E1, E2, E3, F1, F2, and
G, from Sedum sarmentosum (Crassulaceae),” Chemical ¢
Pharmaceutical Bulletin, vol. 55, no. 3, pp. 435-441, 2007.

[10] S. H. Liu, L. I. Rui, Y. X. Qiao, X. Chen, N. N. Zhang, and
J. P. Zhang, “Effect of Sedum sarmentosum on acute liver
injury-induced by different causes in mice,” Chinese Journal of
Liver Diseases (Electronic Version), vol. 7, no. 1, pp. 37-42,
2015.

[11] Y. Lin, H. Luo, X. Wang et al., “Flavanones from Sedum
sarmentosum Bunge alleviate CCly-induced liver fibrosis in
rats by targeting TGF-B1/TSR/Smad pathway in turn
inhibiting epithelial mesenchymal transition,” Evidence-Based
Complementary and Alternative Medicine, vol. 2018, Article
ID 3080837, 10 pages, 2018.

[12] G.-W. Wang, X.-L. Zhang, Q.-H. Wu et al., “The hep-
atoprotective effects of Sedum sarmentosum extract and its
isolated major constituent through Nrf2 activation and NF-«xB
inhibition,” Phytomedicine, vol. 53, pp. 263-273, 2019.

[13] H. Lu, S. Cheng, C. Wu et al., “Sedum sarmentosum Bunge
extract alleviates inflammation and kidney injury via



Evidence-Based Complementary and Alternative Medicine

inhibition of M1-macrophage polarization,” Phytomedicine,
vol. 62, Article ID 152976, 2019.

[14] W.-Y. Oh, S. Pyo, K.-R. Lee et al., “Effect of Holotrichia
diomphalia larvae on liver fibrosis and hepatotoxicity in rats,”
Journal of Ethnopharmacology, vol. 87, no. 2-3, pp. 175-180,
2003.

[15] T.Fujii, B. C. Fuchs, S. Yamada et al., “Mouse model of carbon
tetrachloride induced liver fibrosis: histopathological changes
and expression of CD133 and epidermal growth factor,” BMC
Gastroenterology, vol. 10, p. 79, 2010.

[16] B.-S. Ding, Z. Cao, R. Lis et al., “Divergent angiocrine signals
from vascular niche balance liver regeneration and fibrosis,”
Nature, vol. 505, no. 7481, pp. 97-102, 2014.

[17] S.Zhang, W.-Y. Sun, J.-]. Wu, and W. Wei, “TGF-f} signaling
pathway as a pharmacological target in liver diseases,”
Pharmacological Research, vol. 85, pp. 15-22, 2014.

[18] H.-H. Hu, D.-Q. Chen, Y.-N. Wang et al., “New insights into
TGF-f/Smad signaling in tissue fibrosis,” Chemico-Biological
Interactions, vol. 292, pp. 76-83, 2018.

[19] F.Xu, C.Liu, D. Zhou, and L. Zhang, “TGF-/SMAD pathway
and its regulation in hepatic fibrosis,” Journal of Histo-
chemistry & Cytochemistry, vol. 64, no. 3, pp. 157-167, 2016.

[20] N.  Perumal, M. Perumal, D. Halagowder, and
N. Sivasithamparam, “Morin attenuates diethylnitrosamine-
induced rat liver fibrosis and hepatic stellate cell activation by
co-ordinated regulation of Hippo/Yap and TGF-f1/Smad
signaling,” Biochimie, vol. 140, pp. 10-19, 2017.

[21] A.K. Muddu, L. N. Guha, A. M. Elsharkawy, and D. A. Mann,
“Resolving fibrosis in the diseased liver: translating the sci-
entific promise to the clinic,” The International Journal of
Biochemistry & Cell Biology, vol. 39, no. 4, pp. 695-714, 2007.

[22] S. M. Eraky, M. El-Mesery, A. El-Karef, L. A. Eissa, and
A. M. El-Gayar, “Silymarin and caffeine combination ame-
liorates experimentally-induced hepatic fibrosis through
down-regulation of LPAR1 expression,” Biomedicine &
Pharmacotherapy, vol. 101, pp. 49-57, 2018.

[23] J. Wu, L. Pan, X. Jin et al., “The role of oxymatrine in reg-
ulating TGF-f1 in rats with hepatic fibrosis,” Acta Cirurgica
Brasileira, vol. 33, no. 3, pp. 207-215, 2018.

[24] Z. Hu, F. Qin, S. Gao, Y. Zhen, D. Huang, and L. Dong,
“Paeoniflorin exerts protective effect on radiation-induced
hepatic fibrosis in rats via TGF-f1/Smads signaling pathway,”
American Journal of Translational Research, vol. 10, no. 3,
pp. 1012-1021, 2018.



