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Objective: Fufang Biejia Ruangan Tablet (FBRT) is widely used for the treatment of liver fibrosis. However,
Hominis Placenta (HP), as an important adjuvant of FBRT, has been restricted for medicinal using due to
the limited availability, ethical controversy and safety issues. The present study aimed to investigate the
therapeutic effects of novel FBRT (N-FBRT) with sheep placenta (SP) as substitute for HP on liver fibrosis
and explore its possible mechanisms. Different dosages of SP in N-FBRT were also evaluated.
Methods: Rats were subcutaneously injected with CCl4 to induce liver fibrosis and then treated with N-
FBRT and FBRT. The anti-hepatic fibrosis effect was determined based on biomarkers analysis of liver
function and hepatic fibrosis, and the liver pathology was visualized by H&E staining and Masson stain-
ing. The oxidative stress and inflammatory cytokines were also detected. Immunohistochemical staining
of a-SMA, real time PCR and Western blotting were performed to evaluate hepatic stellate cells (HSCs)
activation and TGF-b1/Smad signaling pathway.
Results: N-FBRT and FBRT could ameliorate CCl4-induced liver fibrosis and improve liver function, as evi-
denced by lowering serum biomarkers levels of liver function and hepatic fibrosis, and decreasing hepatic
Hyp content and collagen deposition, and improving the hepatic morphology and architecture changes.
Moreover, the anti-liver fibrosis effect was better when the dosage of SP used in N-FBRT was 1/2 of HP
in FBRT. Administration of N-FBRT markedly alleviated oxidative stress and inflammatory cytokines,
and inhibited a-SMA expression. Furthermore, the mRNA expression of Col I, Col III, a-SMA and TGF-b1,
and proteins expression of a-SMA, TGF-b1, Smad2/3 and p-Smad2/3 were significantly down-regulated
by N-FBRT treatment.
Conclusion: SP can be used as substitute for HP to prepare N-FBRT for the treatment of liver fibrosis and
the anti-liver fibrosis effect of N-FBRT is achieved by eliminating oxidative stress and inflammation, and
inhibiting HSCs activation and ECM production by blocking TGF-b1/Smad signaling pathway.

� 2021 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Currently, traditional Chinese medicine (TCM) has shown its
unique advantages in inhibiting the progression of liver fibrosis
and promoting the reversion of liver fibrosis (Zhang & Schuppan,
2014). Fufang Biejia Ruangan Tablet (FBRT) is the first Chinese
medicine formula approved by the China Food and Drug Adminis-
tration for treating liver fibrosis (Dong et al., 2016; Yang et al.,
2013). It is prepared from the following 11 TCMs: Trionycis Cara-
pax, Curcuma phaeocaulis Valeton, Paeonia lactiflora Pall., Angelica
sinensis (Oliv.) Diels, Panax notoginseng (Burkill) F.H.Chen, Codonop-
sis pilosula (Franch.) Nannf., Astragalus propinquus Schischkin,
Hominis Placenta, Cordyceps, Isatis tinctoria L., and Forsythia sus-
pensa (Thunb.) Vahl (Huang et al., 2019; Dong et al., 2016). With
the TCM effects of ‘‘softening and resolving hard masses, dissolving
blood stasis and detoxication, replenishing qi and blood”, FBRT is
widely used for the treatment of liver fibrosis in China (Huang
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et al., 2019; Yang et al., 2016; Wu et al., 2014; Chen et al., 2007). It
was reported that FBRT could ameliorate liver fibrosis via restrain-
ing the proliferation and activation of hepatic stellate cells (HSCs)
and down-regulating fibrogenic signal transduction of the TGF-b/
Smad pathway (Yang et al., 2013; Guo et al., 2004).

As an important adjuvant in FBRT prescription, Hominis Placenta
(HP), known as Ziheche in Chinese, has TCM effects of ‘‘warming
kidney and replenishing vital essence, qi and blood”. It is a dried
placenta isolated from healthy pregnant women after delivery
(Park et al., 2014; Lee et al., 2013) and was reported to have various
bioactive substances, such as proteins, peptides, hormones, growth
factors, cytokines, amino acids, enzymes, minerals, and trace ele-
ments (Donnelly & Campling, 2016; Park et al., 2014; Lee et al.,
2013; Kawakatsu et al., 2013). However, the application of HP
was restricted due to the limited availability, ethical controversy
and safety issues. Moreover, HP and all the TCM preparations con-
taining HP documented in the 2010 edition of Chinese Pharma-
copoeia have been removed in the 2015 edition of Chinese
Pharmacopoeia (Chinese Pharmacopoeia Commission, 2015).
These issues may affect the production and application of TCM
preparations containing HP, such as FBRT.

To overcome the aforementioned problems, we have modified
the formula of FBRT and evaluated the effect of the modified FBRT
(MF-FBRT, where HP was removed) on liver fibrosis in rats induced
by CCl4 (Deng et al., 2018). We found that the MF-FBRT could still
effectively inhibit CCl4-induced liver fibrosis, as conferred by
reducing oxidative stress, inhibiting collagen accumulation, revers-
ing hepatic stellate cell activation, and inhibiting the expression of
pro-fibrogenic cytokines (Deng et al., 2018). But, the anti-fibrotic
effects of the MF-FBRT were slightly weaker than the original FBRT,
indicating that the function of HP in the FBRT prescription cannot
be ignored. Since HP has been limited for medical using, there is
urgent need to find new substitutes of this traditional Chinese
medicine.

Exploring new substitutes for TCMs that are in shortage or
endangered state has been studied for many years. Some reports
have demonstrated that placenta from domestic animals, such as
sheep and pigs, exerted similar functions as HP, such as hepatopro-
tection, anti-oxidation, wound healing, and immunomodulatory
effects (Wu et al., 2003; Park et al., 2011; Teng et al., 2011; Liu
et al., 2019; Xu et al., 2018). Sheep placenta (SP) and HP are all
listed in Compendium of Materia Medica and possess similar TCM
effects. Therefore, we supposed that SP can be used as substitute
for HP to prepare novel FBRT (N-FBRT) for the treatment of liver
fibrosis. The present study was designed to investigate the thera-
peutic effects of N-FBRT with SP as substitute for HP on liver fibro-
sis induced by CCl4 in rats and explore its possible mechanisms.
Different dosages of SP in N-FBRT were also evaluated.
2. Materials and methods

2.1. Experimental drugs and reagents

The raw material powders of FBRT (no excipients, batch num-
ber: X20161205) and N-FBRT were prepared and provided by Inner
Mongolia Furi Medical Science Co., Ltd. (Inner Mongolia, China).
The dosage of SP used in N-FBRT were 0.5, 1, 2 and 4 times of HP
in FBRT, respectively, referring to N-FBRT1 (batch number:
X20161201), N-FBRT2 (batch number: X20161202), N-FBRT3
(batch number: X20161203) and N-FBRT4 (batch number:
X20161204). Colchicine Tablet (batch number: 160604) was pur-
chased from Beijing Jialin Pharmaceutical Co., Ltd. (Beijing, China).
CCl4 was purchased from Beijing Chemical Reagent Company (Bei-
jing, China). All other chemicals were of analytical grade and com-
mercially available.
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2.2. Animals and treatment

Male Sprague Dawley rats, weighing (180–220) g, were pur-
chased from the SPF (Beijing) Biotechnology Co., Ltd. (Beijing,
China). All animals were housed with free access to food and water
in a temperature [(25 ± 2) �C] and humidity [(60 ± 10)%] controlled
room with a 12 h light/dark cycle (lights on from 6:00 am to
6:00 pm). Animal experiments were conducted in accordance with
the NIH Guidelines for the Care and Use of Laboratory Animals and
approved by the Institution Ethical Committee of 302 Military
Hospital.

The rats were randomly divided into control (n = 10) and CCl4
model group (n = 70). The rats in CCl4 model group were injected
subcutaneously with CCl4 (mixed 2:3 in soybean oil) at a dose of
5 mL/kg for the first time and subsequently 3 mL/kg twice a week
for 6 weeks to induce liver fibrosis (Deng et al., 2018). Rats in nor-
mal control group were received equal volume of soybean oil. After
6 weeks of CCl4 treatment, 12 rats died during modeling, two rats
from each group were selected to verify the success of the model-
ing and the left rats in CCl4 model group were further divided into
seven groups with eight rats per group as follows: CCl4 model
group, N-FBRT1 group (0.58 g/kg), N-FBRT2 group (0.60 g/kg), N-
FBRT3 group (0.66 g/kg), N-FBRT4 group (0.77 g/kg), FBRT group
(0.60 g/kg) and colchicine group (0.1 mg/kg) as a positive control.
The dosages of FBRT and N-FBRT were calculated according to
the human dosage of FBRT (one 6 g pill per day) and the dosage
of SP contained in N-FBRT. The raw material powders of FBRT
and N-FBRT were suspended in 0.5% CMC-Na solution for adminis-
tration. All rats in the FBRT, N-FBRT and colchicine groups were
respectively administrated drugs by gavage once a day for another
6 weeks, while rats in normal control and CCl4 model groups were
administrated equivalent volume of 0.5% CMC-Na solution.

At the end of the 12th week, all rats were sacrificed after over-
night fast. Blood samples were collected, centrifuged at 8000 rpm
for 15 min at 4 �C and serum were kept at �80 �C for biochemical
analysis. Some liver tissues were fixed in 10% formaldehyde for
histological and immunohistochemical analysis and the others
were snap frozen in liquid nitrogen and stored at �80 �C for bio-
chemical analysis.

2.3. Serum biochemical analysis

Serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin (TBIL), alkaline phosphatase
(ALP) were measured by an automatic biochemistry analyzer using
commercial kits (Mindray Medical, Shenzhen, China) according to
the manufacturer’s instructions.

2.4. Liver fibrosis biomarkers and hydroxyproline content analysis

The levels of hyaluronic acid (HA), laminin (LN), collagen type
IV (Col-IV) and procollagen III (PC-III) in serum were detected
using enzyme-linked immunosorbent assay (ELISA) kits (CUSABIO,
Wuhan, China) according to the manufacturer’s instructions. Liver
hydroxyproline (Hyp) content was examined by alkaline hydroly-
sis method using commercial kits (CUSABIO, Wuhan, China).

2.5. Histological analysis and immunohistochemistry staining

The fixed liver tissues were dehydrated by graded ethanol,
embedded in paraffin and sectioned. Liver sections were stained
with hematoxylin and eosin (H&E) for observing the pathological
changes of the liver tissues and with Masson’s trichrome stains
to evaluate the collagen deposition in liver (Hong et al., 2016;
Zhang et al., 2018). Five different fields (�200 magnification) of
the tissue slide from each rat was randomly selected and analyzed
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by Image J (www.imagej.net). The area of Masson staining was
divided by the net field area and multiplied by 100% to evaluate
the relative fibrosis area (Cheng et al., 2013).

The immunohistochemistry staining was performed for the
assessment of hepatic a smooth muscle actin (a-SMA) (Li et al.,
2016; Anuja et al., 2018; Yuan et al., 2018; Tian et al., 2019). The
liver sections were deparaffinized, hydrated and incubated in 3%
hydrogen peroxide. Sections were then treated with EDTA (pH
8.0) antigen retrieval solution and non-specific binding sites were
blocked with 5% bovine serum albumin. The samples were incu-
bated with a-SMA antibody (1:500 dilution; mouse IgG2a a-
SMA; Abcam, Cambridge, UK) overnight at 4 �C, followed by incu-
bation with a species-specific secondary antibody (1:500 dilution,
horseradish peroxidase-linked goat antimouse IgG; DAKO,
Glostrup, Denmark) for 1 h at 37 �C. The a-SMA positive staining
was done by incubation with diaminobenzidine (DAB) and the
nuclei was counterstained using hematoxylin. The a-SMA positive
staining area was analyzed by Image J.

2.6. Oxidative stress and inflammatory cytokines analysis

The serum levels of superoxide dismutase (SOD), reduced glu-
tathione (GSH) and malondialdehyde (MDA) were estimated by
colorimetric method as described in commercial kits (Nanjing Jian-
cheng Bioengineering Institute, Nanjing, China). The concentra-
tions of interleukin-1b (IL-1b), interleukin-6 (IL-6) and tumor
necrosis factor-a (TNF-a) in liver tissue were determined by ELISA
kits (MultiSciences Biotech Co., Ltd., Hangzhou, China).

2.7. Quantitative real-time PCR (qRT-PCR) analysis

Total RNA was extracted from liver tissue using Trizol reagent
(Life Technologies, CA, USA) and then was reverse-transcribed to
complementary DNA (cDNA) using First-Strand cDNA Synthesis
kits (Thermo Fisher Scientific, MA, USA) according to the manufac-
turer’s instructions. qRT-PCR was then performed to measure the
mRNA expression levels of collagen type I (Col-I), collagen type
III (Col-III), a-SMA and transforming growth factor-beta1 (TGF-
b1) using SYBR Green PCR Master Mix kit and a Stepone plus PCR
System (Applied Biosystems, CA, USA). The primers sequences used
in the present study were as follows: a-SMA: forward, 50-AGCTG
CTCCAGCTATGTGTG-30/ reverse, 50-TCCCAGTTGGTGATGATGCC-30,
TGF-b1: forward, 50-GGCGGTGCTCGCTTTGTA-30/ reverse, 50-TCCC
GAATGTC-TGACGTATTGA-30; Col-I: forward, 50- AGAGGCATAAA
GGGTCATCGTG-30/ reverse, 50- AGACCGTTGAGTCCATCTTTGC-30;
Col-III: forward, 50- AGAGGCT-TTGATGGACGCAA-30/ reverse, 50-
GGTCCAACCTCACCCTTAGC-30; GAPDH: forward, 50-TTCCTACCCC
CAATGTATCCG-30/reverse, 50-CATGAGGTCCA-CCACCCTGTT-30. Rel-
ative expression level of genes was calculated using glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) as the internal
control. Data was analyzed by 2�DDCT method.

2.8. Western blot analysis

A total of 100 mg of liver tissue samples were lysed for total
protein extraction in radio immunoprecipitation assay (RIPA) lysis
buffer (Servicebio, Wuhan, China) and the protein concentration
was quantified by the bicinchoninic acid (BCA) protein assay kit
(Servicebio, Wuhan, China). The proteins were mixed with loading
buffer and then heated at 100 �C for 10 min for protein denatura-
tion. The denatured protein samples were separated by sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to polyvinylidene fluoride (PVDF) membranes
(Millipore, MA, USA). The membranes were blocked with 5% fat-
free milk in Tris-buffered saline (TBST, 100 mmol/L NaCl,
50 mmol/L Tris, 0.1% Tween-20, pH 7.5) at room temperature for
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1 h and then incubated overnight at 4 �C with primary antibodies,
including a-SMA, TGF-b1, Smad2/3, p-Smad2/3 (Abcam) and b-
actin (Servicebio) as an internal control, followed by incubating
with appropriate secondary antibodies for 1 h at room tempera-
ture. The protein bands were detected by the BeyoECL plus kit
(Beyotime, Shanghai, China) and b-actin was used as internal
control.
2.9. Statistical analysis

All data were expressed as the mean ± standard deviation (SD).
Statistical analysis was performed using SPSS 13.0 statistical anal-
ysis software and one-way analysis of variance (ANOVA) followed
by a LSD-t test was used for multigroup comparisons. Differences
were considered significant at P < 0.05.
3. Results

3.1. Effects of N-FBRT and FBRT on liver injury

Serum biochemical analysis and histological changes visualized
by H&E staining were performed to assess the protective effects of
N-FBRT and FBRT against long-term CCl4-induced liver injury in
rats (Tian et al., 2019). As shown in Table 1, compared with control
group, the liver weight, liver index and the levels of serum ALT,
AST, ALP and TBIL were significantly increased in CCl4 model group
(P < 0.01), while animals treated with N-FBRT, FBRT or colchicine
represented obviously reduced liver weight, liver index and serum
levels of ALT, AST, ALP and TBIL (P < 0.05 or P < 0.01). But admin-
istration of FBRT or N-FBRT4 didn’t significantly decrease the
serum TBIL level compared to CCl4 model group (P > 0.05). Further-
more, results of H&E stain showed that the liver sections of control
group rats exhibited normal lobular architecture with radiating
hepatic cords and central veins, no appreciable morphological
alterations was observed; while CCl4 induced obvious hepatic
damage including disordered lobular structure, vacuolar degenera-
tion, hepatocytes swelling and necrosis, inflammatory cell infiltra-
tion and formation of fibrous septum. Treatment with N-FBRT,
FBRT or colchicine significantly reversed the hepatic morphology
and architecture changes (Fig. 1A).
3.2. Effects of N-FBRT and FBRT on liver fibrosis

Serum levels of HA, LN, PC-III and Col-IV in CCl4 model group
were aberrantly increased compared to control group, whereas
these collagen biomarkers in N-FBRT, FBRT and colchicine groups
were distinctly decreased than CCl4 model group (Table 2,
P < 0.05 or P < 0.01). But the serum HA level in N-FBRT3 group,
the serum LN level in N-FBRT3 and N-FBRT4 groups and the serum
PC-III level in N-FBRT2, N-FBRT3 and N-FBRT4 groups were not sig-
nificantly decreased compared to CCl4 model group (P > 0.05).
Compared with control group, hepatic Hyp content increased obvi-
ously in CCl4 model group and decreased obviously in N-FBRT and
FBRT groups except N-FBRT4 group (P < 0.01).

Collagen deposition in liver tissue was observed by Masson’s
trichrome staining. As shown in Fig. 1B, an extensive collagen
deposition appeared and intersected at multiple portal areas in
liver of CCl4 model group rats, bridging fibrosis and pseudo lobule
formation were also discovered. With treatment of N-FBRT, FBRT
or colchicine, the collagen deposition were significantly reduced.
The relative fibrosis area of liver sections in CCl4 model group
was much larger than that in control group, but significantly
decreased in N-FBRT and FBRT groups except N-FBRT3 group
(Fig. 1D, P < 0.01). Moreover, the N-FBRT1 group showed more effi-



Table 1
Effects of N-FBRT and FBRT on liver weight, liver index and serum biochemical markers of rats with liver fibrosis (mean ± SD, n = 8).

Groups Liver weight/g Liver index/% ALT/(U/L) AST/(U/L) ALP/(U/L) TBIL/(lmol/L)

Control 9.06 ± 2.38 2.47 ± 0.20 47.40 ± 5.22 100.80 ± 11.71 133.40 ± 48.04 0.74 ± 0.24
CCl4 15.09 ± 3.57** 3.82 ± 0.47** 571.17 ± 145.00** 578.50 ± 134.23** 211.67 ± 115.44* 1.85 ± 0.78**

N-FBRT1 10.39 ± 1.50## 2.66 ± 0.32## 37.50 ± 8.70## 78.80 ± 17.86## 106.40 ± 37.41## 1.05 ± 0.52##

N-FBRT2 10.49 ± 2.10## 2.55 ± 0.30## 50.90 ± 16.93## 117.90 ± 40.05## 130.80 ± 69.12# 0.72 ± 0.39##

N-FBRT3 9.29 ± 1.77## 2.39 ± 0.18## 40.10 ± 6.44## 147.20 ± 69.90## 111.30 ± 42.25## 1.30 ± 0.60#

N-FBRT4 9.89 ± 1.81## 2.45 ± 0.12## 37.20 ± 9.53## 105.20 ± 21.66## 123.30 ± 74.50## 1.31 ± 0.34
FBRT 9.71 ± 1.88## 2.50 ± 0.25## 37.20 ± 12.32## 89.10 ± 24.32## 105.70 ± 26.06## 1.34 ± 0.83
Colchicine 10.11 ± 1.94## 2.48 ± 0.29## 43.10 ± 15.47## 82.40 ± 21.17## 114.60 ± 43.77## 0.82 ± 0.31##

Liver index = (liver weight/body weight) � 100%. *P < 0.05, **P < 0.01 vs control group; #P < 0.05, ##P < 0.01 vs CCl4 model group.

Fig. 1. Effects of N-FBRT and FBRT on hepatic histopathological changes of rats with liver fibrosis (magnification, 200�). (A) H&E staining; (B) Masson staining; (C) a-SMA
immunohistochemical staining; (D) Relative fibrosis area; (E) a-SMA positive area. Data are expressed as mean ± SD (n = 8). **P < 0.01 vs control group; ##P < 0.01 vs CCl4
model group; DP < 0.05, DDP < 0.01 vs FBRT group.

Table 2
Effects of N-FBRT and FBRT on serum fibrosis biomarkers and hepatic hydroxyproline content of rats with liver fibrosis (mean ± SD, n = 8).

Groups HA/(ng/mL) LN/(ng/mL) PC-III/(ng/mL) C-IV/(ng/mL) Hyp/(ng/g)

Control 78.35 ± 14.93 45.31 ± 2.98 23.00 ± 4.66 94.07 ± 12.23 36.06 ± 6.36
CCl4 183.00 ± 29.05** 75.67 ± 8.28** 51.00 ± 9.14** 256.16 ± 26.90** 132.54 ± 11.47**

N-FBRT1 108.75 ± 17.02## 52.04 ± 4.07## 31.25 ± 6.29## 123.95 ± 21.84## 39.40 ± 12.07##

N-FBRT2 123.00 ± 27.08# 45.95 ± 2.95## 38.00 ± 13.88 132.84 ± 22.71## 66.84 ± 26.04##

N-FBRT3 137.50 ± 28.79 55.56 ± 6.10# 40.85 ± 7.56 144.50 ± 10.69## 70.94 ± 15.60##

N-FBRT4 147.00 ± 17.39 61.59 ± 5.91 43.00 ± 8.6 143.92 ± 19.77## 97.30 ± 39.80
FBRT 113.35 ± 22.35## 47.60 ± 4.54## 34.85 ± 4.91# 122.87 ± 22.21## 66.87 ± 14.21##

Colchicine 107.50 ± 18.44## 44.59 ± 7.37## 32.15 ± 5.15## 115.37 ± 27.57## 47.93 ± 23.71##

** P < 0.01 vs control group; #P < 0.05, ##P < 0.01 vs CCl4 model group.
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cient to decrease the relative fibrosis area than FBRT group
(P < 0.05).

Hepatic fibrosis is also characterized by an excessive a-SMA
expression (Xia et al., 2018). The a-SMA expression in liver tissue
was analyzed by immunohistochemical staining and brown stain-
ing in the cytoplasm or nucleus was regarded as positive for a-SMA
107
expression (Cai et al., 2010). As shown in Fig. 1C and E, only very
little a-SMA expression was observed in vascular smooth muscle
cells of liver in control group. CCl4 model group showed the a-
SMA expression was markedly increased as compared to control
group (P < 0.01) and mainly distributed in the portal area and
fibrous septa. In contrast, the a-SMA expression was remarkable
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reduced by treatment with N-FBRT, FBRT or colchicine (P < 0.01).
Furthermore, the a-SMA positive staining area in N-FBRT1 group
was significantly lower than that in FBRP group (P < 0.01).
3.3. Effects of N-FBRT and FBRT on oxidative stress and inflammatory
cytokines

The effect of N-FBRT and FBRT on oxidative stress and inflam-
matory cytokines of rats with liver fibrosis are shown in Table 3.
Compared to control group, the serum levels of SOD and GSH were
significantly decreased in rats of CCl4 model group, while the
serum MDA content and hepatic concentrations of inflammatory
cytokines including IL-1b, IL-6 and TNF-awere markedly increased
(P < 0.01). Inversely, treatment with N-FBRT, FBRT or colchicine
obviously increased the levels of SOD and GSH, and decreased
MDA content and inflammatory cytokines levels (P < 0.05 or
P < 0.01). However, the SOD level in N-FBRT3 and N-FBRT4 groups
and the GSH level in N-FBRT4 group were not significantly
increased compared to CCl4 model group (P < 0.01).
3.4. Effects of N-FBRT and FBRT on fibrosis-associated mRNA
expression

As shown in Fig. 2, compared with control group, the expression
levels of Col-I, Col-III, a-SMA and TGF-b1 were up-regulated signif-
icantly in CCl4 model group and down-regulated remarkably by N-
FBRT, FBRT or colchicine treatment (P < 0.05 or P < 0.01). However,
the levels of Col-III, a-SMA and TGF-b1 mRNA expression in N-
FBRT3 group and a-SMA, TGF-b1 mRNA expression in N-FBRT4
group showed no statistical significance as compared to CCl4 model
group (P > 0.05).
Table 3
Effects of N-FBRT and FBRT on serum levels of SOD, MDA, GSH and concentration of IL-1b

Groups SOD/(U/mL) GSH/(lg/mL) MDA/(nmol/m

Control 169.27 ± 23.11 15.10 ± 3.33 3.22 ± 0.68
CCl4 130.43 ± 4.57** 6.35 ± 1.08** 5.97 ± 0.61**

N-FBRT1 164.13 ± 21.23## 11.87 ± 3.09## 3.57 ± 0.79##

N-FBRT2 157.32 ± 5.66# 9.72 ± 2.04# 4.10 ± 0.85##

N-FBRT3 143.00 ± 4.81 10.13 ± 1.58# 3.77 ± 0.21##

N-FBRT4 136.27 ± 2.26 9.21 ± 1.72 3.62 ± 0.45##

FBRT 160.50 ± 4.75## 10.03 ± 2.42# 3.47 ± 0.33##

Colchicine 156.00 ± 13.12## 9.74 ± 1.37# 4.00 ± 0.53##

** P < 0.01 vs control group; #P < 0.05, ##P < 0.01 vs CCl4 model group; DP < 0.05 vs FB

Fig. 2. Effects of N-FBRT and FBRT on mRNA expression levels of Col-I and Col-III (A), a-SM
(n = 4). **P < 0.01 vs control group; #P < 0.05, ##P < 0.01 vs CCl4 model group.
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3.5. Effects of N-FBRT and FBRT on fibrosis-associated protein
expression

The expression of a-SMA, TGF-b1, Smad2/3 and p-Smad2/3 pro-
teins in liver was determined by Western blot. As shown in Fig. 3,
the a-SMA, TGF-b1, Smad2/3 and p-Smad2/3 proteins expressions
in liver were excessively higher in CCl4 model group than that in
control group (P < 0.05 or P < 0.01); Whereas N-FBRT, FBRT or col-
chicine significantly reversed these proteins expression (P < 0.05 or
P < 0.01). Moreover, the down-regulation of these proteins expres-
sion was more remarkable in N-FBRT1 than that in FBRT. But N-
FBRT3 exerted no effect on the up-regulated expression of a-SMA
and p-Smad2/3 induced by CCl4 and N-FBRT4 exhibited no effect
on the up-regulated of TGF-b1 protein expression induced by
CCl4 (P > 0.05).
4. Discussion

In the present study, the rats’ model of CCl4-induced liver fibro-
sis was established to investigate the protective effect of N-FBRT
with SP as substitute for HP against CCl4-induced liver fibrosis.
The results showed that N-FBRT with different dosages of SP as
substitute for HP could attenuate CCl4-induced liver fibrosis and
improve liver function, as evidenced by reducing liver weight
and liver index, lowering serum biochemical markers (ALT, AST,
ALP and TBIL), decreasing liver fibrosis biomarkers (HA, LN, PC-III
and Col-IV), hepatic Hyp content and collagen deposition, and
improving the hepatic morphology and architecture changes.
Moreover, N-FBRT1 exerted superior effect against CCl4-induced
liver fibrosis based on the analysis of the relative fibrosis area as
compared to FBRT. These results indicated that SP could be used
as substitute for HP in FBRT for the treatment of liver fibrosis
, IL-6, TNF-a in liver tissue of rats (mean ± SD, n = 8).

L) IL-6/(pg/mg) IL-1b/(pg/mg) TNF-a/(pg/mg)

33.91 ± 24.19 30.72 ± 21.91 1.21 ± 0.95
149.97 ± 47.99** 841.56 ± 178.76** 21.90 ± 0.71**

45.24 ± 43.34## 74.67 ± 37.15## 1.67 ± 1.14##

77.64 ± 59.13# 117.18 ± 35.43## 3.45 ± 3.12##

38.19 ± 37.47## 260.10 ± 74.63##D 3.03 ± 1.43##

80.53 ± 76.26# 132.69 ± 52.24## 2.42 ± 2.08##

41.05 ± 8.42## 80.22 ± 36.85## 1.51 ± 0.37##

55.24 ± 20.69## 51.15 ± 28.39## 2.73 ± 0.27##

RT group.

A and TGF-b1 (B) in liver of rats with liver fibrosis. Data are expressed as mean ± SD



Fig. 3. Effects of N-FBRT and FBRT on proteins expression of a-SMA and TGF-b1(A), Smad2/3 and p-Smad2/3 (B) in liver of rats with liver fibrosis. Bands 1–8 of western-blot
images represent the control, CCl4 model, N-FBRT1, N-FBRT2, N-FBRT3, N-FBRT4, FBRT and colchicine groups, respectively. Data expressed as mean ± SD (n = 3). *P < 0.05,
**P < 0.01 vs control group; #P < 0.05, ##P < 0.01 vs CCl4 model group; DP < 0.05, DDP < 0.01 vs FBRT group.
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and the anti-liver fibrosis effect was better when the dosage of SP
used in N-FBRT was 1/2 of HP in FBRT.

Oxidative stress is caused by an imbalance between oxidative
and antioxidant systems, which plays an important role in the for-
mation and development of liver fibrosis (Sun et al., 2019). MDA is
the final product of lipid peroxidation and its content reflects the
degree of lipid peroxidation, which indirectly represents the level
of oxidative injury (Yuan et al., 2018). As important cellular antiox-
idant enzyme and antioxidant, SOD and GSH can scavenge the
harmful free oxygen radicals (Shen et al., 2015). In this study,
administration of N-FBRT1 or FBRT significantly increased SOD
activity and GSH level, and decreased MDA content. These data
suggested that N-FBRT1 or FBRT could eliminate oxidative stress
and alleviate oxidative injury by inhibiting lipid peroxidation and
restoring the anti-oxidative defense system.

Sustained liver inflammation and its corresponding regenera-
tive wound-healing response is one of the main pathogenesis of
liver fibrosis (Zhang et al., 2018). It can drive the maladaptive
wound-healing response in the pathogenesis of CCl4-induced liver
fibrosis via the activation of Kupffer cells and release of inflamma-
tory cytokines like TNF-a, IL-1b and IL-6 (Zheng et al., 2019). The
inflammatory cytokines TNF-a, IL-1b and IL-6 are important
inflammatory mediators in the progression of liver injury, liver
fibrosis and even cirrhosis, and their over-secretion can activate
HSCs and directly induce hepatocyte damage (Kawaratani et al.,
2017). Our study showed that administration of N-FBRT1 or FBRT
significantly decreased the IL-1b, IL-6 and TNF-a levels in liver of
rats with liver fibrosis, which was beneficial for alleviating CCl4-
induced liver inflammation.

HSCs activation is the core event in the pathogenesis of liver
fibrosis, leading to increased HSCs proliferation as well as overpro-
duction of extracellular matrix proteins (ECMs), particularly colla-
gens (Tian et al., 2019). The protein expression of a-SMA is a
sensitive and specific marker for the HSCs activation (Zhang
et al., 2018). In the present study, N-FBRT1 or FBRT treatment sig-
nificantly reduced the collagen deposition and overexpression of
a-SMA in the liver. Additionally, treatment with N-FBRT1 or FBRT
also markedly down-regulated the mRNA expressions of Col I, Col
109
III, a-SMA, and the protein expression of a-SMA. These results sug-
gested that N-FBRT1 or FBRT can alleviate collagen accumulation
accompanied with the inhibition of HSC activation.

TGF-b1/Smad signaling pathway plays a vital role in HSCs acti-
vation and fibrosis regulation (Xia et al., 2018). TGF-b1 is the main
cytokine activating HSCs and promoting ECMs production (Gong
et al., 2020) and HSCs autocrine after the initiation activation is
the major source of TGF-b1 production (Tian et al., 2019). Smad2/3
are two crucial intracellular mediators downstream of TGF-b sig-
naling (Wu et al., 2019). TGF-b1 leads to phosphorylation of
Smad2/3 and the phosphorylated Smad2/3 (p-Smad2/3) then form
a heterotrimeric complex with Smad4 that migrates to the nucleus
and modulates transcription of multiple target genes related to
liver fibrosis, resulting in excessive production of ECM proteins
(Xie et al., 2020; Sun et al., 2019; Xia et al., 2018; Zhou et al.,
2016). In our study, the results showed that N-FBRT1 or FBRT not
only inhibited TGF-b1 and Smad2/3 proteins expression, but also
down-regulated the phosphorylation of Smad2/3 and the mRNA
expressions of TGF-b1 in liver of rats with liver fibrosis, suggesting
that the protective effect of N-FBRT1 and FBRT against CCl4-
induced liver fibrosis is associated with blocking TGF-b1/
Smad2/3 signaling pathway.

5. Conclusion

The present study demonstrated that SP could be used as sub-
stitute for HP to prepare N-FBRT for the treatment of liver fibrosis
and the anti-liver fibrosis effect of N-FBRT was likely to be better
when the dosage of SP used in N-FBRT was 1/2 of HP in FBRT.
Moreover, the anti-liver fibrosis mechanism of N-FBRT is the same
as that of FBRT, which is achieved by eliminating oxidative stress,
alleviating inflammation, and inhibiting HSCs activation and ECM
production by blocking TGF-b1/Smad signaling pathway.
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