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Abstract: Objective: Liver fibrosis is a frequently occurring liver injury which lacks of effective treatment clinically.
Here, we investigated the protective effects of a novel compound Gorse isoflavone alkaloid (GIA) against liver fibro-
sis. Methods: Totally forty rats were randomly divided into four groups. Then we established a model of liver fibrosis
induced by the intragastric administration of carbon tetrachloride (CCl,). This treated group was followed by the
intragastric administration of GIA and colchicine. Then the liver index and spleen index, and liver function indexes
were detected by kit. Western blotting assay was performed to estimate the expression of Transforming Growth
Factor-B1 (TGF-B1) and related proteins. Tissue fibrosis was observed by Masson staining. Results: Our results sug-
gested that GIA reduced the deposition of collagen fibres and the fibrosis index hydroxyproline (Hyp) of liver tissue.
Furthermore, we found that GIA significantly decreased the expression of Transforming Growth Factor-B1 (TGF-31)
and the ratio of p-smad2/3 to smad2/3, enhanced the level of superoxide dismutase (SOD), and decreased the
concentration of malonic dialdehyde (MDA) in the liver. Conclusions: Our findings revealed that GIA has a beneficial

effect to resist the liver fibrosis, and could be ideal for potential use in antifibrotic drugs for the liver.
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Introduction

Sophora alopecuroides L. (Sophora alopecu-
roides), also known as herb locust or bitter
bean root, is a perennial herb in the Fabaceae
and Sophora genera. Sophora alopecuroides L.
is about 1 m tall, with branches covered with
white or greyish white pilose or appressed
pilose. Alopecia alopecia grows at the edge of
arid desert and grassland at the altitude of
500-1600 m, and has strong resistance to
cold, drought, saline-alkali, and sand. as well as
other special properties. The roots, stems,
seeds and even the whole plant of Sophora alo-
pecuroides can be used as medicine, with anti-
inflammatory, anti-allergy, anti-virus, anti-tumor
effects etc. [1, 2].

Dietary therapy has been popular in recent
years, and there has been increasing interest
in utilization of natural products and function-
al foods for the treatment of damaged livers
[3, 4]. Sophora alopecuroides L. and angelica

decursiva (Miq.) f. decursiva are very popular
foods in eastern countries. They show a wide
range of bioactivity. As a traditional liver-pro-
tecting food, angelica is common in restaurants
and canteens and is consumed daily as a func-
tional food by more than 100 million people in
China, Japan, and South Korea. However, the
mechanism remains unclear.

Fibrosis of the liver due to chronic liver injury
can be caused by a variety of factors. Several
conditions affecting the liver can be caused by
excessive alcohol consumption, such as non-
alcoholic steatohepatitis, viral hepatitis, auto-
immune hepatitis, non-alcoholic fatty liver dis-
ease, and cholestatic liver disease [5]. The for-
mation of fibrous scars in the liver results from
the fibrotic response of the liver and the accu-
mulation of extracellular matrix (ECM) compo-
nents [6, 7].

The early stage of liver cirrhosis is liver fibrosis.
Liver cirrhosis is currently irreversible; however,
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Figure 1. Structure of the gorse isoflavone alkaloid.

liver fibrosis can be reversed with appropriate
treatment [8]. Hence, effectively reversing the
occurrence and development of liver fibrosis
has great significance for preventing end-stage
liver disease [9]. However, the current treat-
ment strategy for liver fibrosis has many limita-
tions and is unable to completely inhibit the
inflammatory response and degrade the hyper-
proliferative fibrous tissue [10]. Although col-
chicine has been reported to have antifibrotic
effects on liver, its clinical application is limited
by factors such as price, curative effect, and
side effects. Therefore, new treatments for liver
fibrosis are needed urgently.

In this study, we studied these foods using tar-
geted screening and isolated the novel com-
pound Gorse isoflavone alkaloid (GIA) (Figure 1)
as the active ingredient. We hypothesized that
GIA prevents liver fibrosis through inhibiting
activation of hydroxyproline (Hyp) and expres-
sion of Transforming Growth Factor-B1 (TGF-
B1), which serves as an antioxidant. Since there
is currently no fully effective drug for the treat-
ment and/or prevention of liver fibrosis, this
new compound, modified from edible medicinal
plants, may have strong potential to be used in
future as antifibrotic strategy as well as func-
tional foods to treat liver fibrosis.

Materials and methods
Animals

Adult male specific-pathogen-free (SPF) Wistar
rats, weighing 200 g + 20 g were purchas-
ed from the Breeding Ground of Laboratory
Animal Research Institute, Chinese Academy of
Medical Sciences (animal lot number: SCXK,
Beijing 2005-0013). The rats were kept in a
regular environment at 15-25°C and 55% rela-
tive humidity under a 12 h dark/light cycle. The
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rats had an acclimatization period of at least
one week preceded their use.

All animal experiments complied with the Na-
tional Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications
No. 8023), and approved by Biological and
Medical Ethics Committee, Minzu University of
China (ECMUC2019001 AO).

Materials

Gorse isoflavone alkaloid was synthesized by
the laboratory group of the present study.
Colchicine was purchased from Fluka Products,
America. Analytical grade carbon tetrachloride
(Lot No. 20080525), haematoxylin, acid fuch-
sin, ponceau red and formaldehyde solution
were all purchased from Sinopharm Group
Chemical Reagent Co. Ltd, China. We obtained
alanine aminotransferase (ALT), aspartate ami-
notransferase (AST) and albumin (ALB) kits (Lot
No. 070151), a globulin (GLB) Kit (Lot No.
070141), malonic dialdehyde (MDA) Kit (Lot No.
A001-7-1), superoxide dismutase (SOD) Kit (Lot
No. A001-3-2) and a Hyp kit (Lot No. 20080505)
from Sino Biotech Co., Ltd. Nanjing Jiancheng
Bioengineering Research Institute, China. TGF-
B1 rabbit anti-mouse polyclonal antibody (Lot
No. 20080600) was purchased from Wuhan
Boshide Bioengineering Co., Ltd, and a DAB
color reagent kit from Wuhan Boshide Company,
China. Trizol reagent (Lot No. 15596026, Life
Technologies), cDNA Synthesis kit (AE311-03,
TransGen Biotech, Beijing, China). GAPDH
(@b181602, Abcam), Smad2/3 and phosphory-
lated Smad2/3 Polyclonal Antibody (Affinity,
AF3367).

Experimental treatment

The rats were randomly divided into four
groups, with ten rats per group. The rats in the
control group were fed 2 ml/kg of peanut oil
two times a week, and 90 mg kg/d of distilled
water once a day, for six weeks. The rats in the
liver fibrosis model group were fed with a 1:1
mixture of carbon tetrachloride (CCl,) and 2 ml/
kg of peanut oil by gavage twice a week and 90
mg kg/d of distilled water by gavage once a day
for six weeks. The rats in the GIA group were fed
2 ml/kg of an equal mixture of CCl, and peanut
oil by gavage two times a week, and 90 mg
kg/d of GIA for six weeks. The rats in the colchi-
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cine group were fed 2 ml/kg of an equal mix-
ture of CCI, and peanut oil by gavage two times
a week and 0.2 mg/kg/d of colchicine for six
weeks.

Sample collection

The rats were put on a fast for 24 hours prior
to being sacrificed. They were then weighed,
anaesthetized with 3% pentobarbital sodium
(1.5 ml/kg) and 4 ml of blood was taken from
the abdominal aorta. The blood was centri-
fuged at 3500 r/min for 10 min, and serum was
taken to be tested. The animal was then sacri-
ficed, and the liver specimen was quickly cut,
placed in iced saline and washed thoroughly.
The liver and spleen were both weighed. 1
cmx1l cmx0.2 cm samples of remaining liver
tissues were collected and fixed in a 10% solu-
tion of neutral formaldehyde for examination.

Determination of liver index and spleen index

The Wistar rats were weighed and then sacri-
ficed. The liver and spleen were stripped and
weighed separately. The results were expressed
as liver index (liver weight/weight) and spleen
index (spleen weight/weight).

Determination of liver function indexes

The detection of ALT, AST, ALB and GLB after
the sample is added according to the kit instruc-
tions, the automatic biochemical analyzer auto-
matically detects and calculates the results.

Observation of liver pathology

We embedded the paraffin-fixed liver tissues,
sectioned them, and stained them with Mas-
son. The pathological changes were then
observed under a light microscope and photo-
graphed. We took the circumference and the
central area of each slice and selected the
areas with the most collagen fibre content.
Each image contained a manifold area. A com-
puter image analysis system was used to cap-
ture the images with photomicrography and
these were entered into the image analysis sys-
tem for grey-scale transformation to separate
the coloured collagen fibre areas from the
background. Automatic recordings were taken
of both the coloured area and the total area.
The percentage of the total area made up
of collagen fibre was measured under a 100x
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microscope. The calculation method was: col-
lagen fibre area/liver tissue area x100%. Aver-
age values were taken.

Determination of hydroxyproline in liver tissue
by alkaline hydrolysis

80-100 mg of liver tissue was weighed out into
a test tube and 1 ml of hydrolysate was added.
These were mixed well. After capping, the water
bath was hydrolysed for 20 minutes, adjusting
the pH to around 6.0-6.8. When each test tube
had been cooled with water, one drop of indica-
tor was added to each tube, which was then
shaken well. We then added 1.0 ml of pH con-
trol solution to each tube and mixed well (the
solution was red at this time). We aspirated the
pH-adjusted B liquid with a 200-ul sampler and
carefully added the pH-adjusted B liquid drop-
wise to each tube. After each drop of the liquid,
we mixed well until the colour of the indicator in
the liquid turned yellow-green. At this time, the
pH was around 6.0-6.0. We then added dis-
tilled water to bring the liquid to 10 ml and
mixed well again. We took 3-4 ml of diluted
hydrolysate and mixed it with the appropriate
activated carbon at 3500 rpm for 10 minutes.
We then carefully took 1 ml of supernatant for
testing.

Immunohistochemistry

In 10 mmol/L citrate buffer (pH 6.0), tissue
sections were microwaved for 15 minutes to
unmask antigens. Immunostaining was per-
formed using avidin biotinylated enzyme com-
plexes and antibodies. The controls were poly-
clonal nonimmune IgG (immunoglobulin G) of
equivalent concentrations. Following incuba-
tion with the appropriate biotin-conjugated sec-
ondary antibody and streptavidin solution, we
used 3, 3-diaminobenzidine tetrahydrochloride
as the chromogen to develop the colours. Coun-
terstained sections were carried out with Gill-2
haematoxylin. Increasing concentrations of eth-
anol and xylene were used to dehydrate the
sections after staining (which is transparent
and was sealed with neutral gum). The sections
were then observed under a microscope.

The extraction of RNA and quantitative RT-PCR

50 mg of liver tissue was taken from each
sample, total RNA of liver tissue was extracted
with TRI-Reagent reagent, and residual genom-
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Table 1. Comparison of weight increase of
rats in each group (X + SD)

Group n Weight changes (g)
Control 10 164433
Model 10 99+45™
Gorse isoflavone alkaloid 10 147+27%
Colchicine 10 107+40*

Weight changes. Compared with the control group
“*P<0.01, compared with the model group #P<0.05,
n=10.

ic DNA was digested with RNase-free water. We
measured the absorbance at 0D260/0D280 of
the sample to determine its RNA content. The
40 ul reverse transcription reaction system
contains 0.5 pg of oligo (dT)15 primer, 1 mM of
dNTP, 15U of AMV reverse transcriptase, 1U/ul
of RNase inhibitor, 5 mM of MgCIQ, 10 mM of
Tris-HCI (pH 8.0), 50 mM of KCI, and 0.1% Triton
X-100. In addition, the reverse transcription
reaction system was denatured at 70°C for 10
minutes, incubated at 42°C for 60 minutes,
and then heated at 95°C for 5 minutes to stop
the reaction. PCR was conducted using primers
listed in Table S1 to amplify fragments specific
to TGF-B1, Smad2, Smad3, and GAPDH from
first strand cDNA. By analyzing the sequences
of the PCR products, the identity of the result-
ing products was confirmed. In the same tissue
samples, the expression levels of all transcripts
were normalized to GAPDH mRNA levels.

Western blotting assay

After the protein concentration was deter-
mined, the protein volume was calculated
according to the protein loading volume and the
protein concentration of the cell sample, and
the protein loading buffer of 5 times the rela-
tive volume was added, and the protein crack-
ing solution was used to replenish the remain-
ing volume, so that the protein loading buffer
was diluted to 1 time. After denaturation, thirty
ug protein was isolated by 10% sodium dodecyl
sulfate polyacrylamide gel electrophoresis
(SDS-PAGE), wet transferred to nitrocellulose
(NC) membrane, and sealed with 5% skimmed
milk powder Tris-HCI buffer salt solution (TBST)
at room temperature for 2 h. Primary antibod-
ies of TGF-B1 (44 kD), Smad2/3 (48 kD),
p-Smad2/3 (48 kD) and GAPDH (36 kD) were
incubated at 4°C overnight. After reacting with
ECL chemiluminescence solution, the imaging
system carried out automatic exposure, and
the gray value of each color band was mea-
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sured by Image J software for analysis. The
ratio of the target protein to internal reference
gray value in each group was used as the rela-
tive quantity of protein expression in each

group.
Analyses statistical

P<0.05 was considered statistically significant.
All statistical analyses were performed using
SPSS 20.0 software, along with one-way ANO-
VA. Data are presented as mean + standard
deviation (SD).

Results
Observation and weight changes

The control group was generally in good condi-
tion, with shiny, white hair, normal appetite and
an average weight gain of 164 g over the six
weeks. The activity of the model group gradu-
ally decreased over the administration time,
and the hair became messy, dark and yellow.
The animals’ behaviour indicated depression.
Food intake was reduced, urine colour was yel-
low, and there was diarrhoea. However, rats of
the GIA group and the colchicine group were
generally in good condition, normal appetite.
The body weight of the GIA group increased by
an average of 147 g, which was significantly dif-
ferent from the model group and the colchicine
group (Table 1).

Effects of GIA on liver function indexes

In comparison with the control group, the con-
centration of serum ALT and AST in the tissue of
the model group was obviously increased. In
comparison with the model group, GIA showed
a significant reduction in the release of ALT and
AST. This reduction was significantly greater in
the GIA group than in the colchicine group
(Figure 2A). Compared with the control group,
the serum ALB content of the model group was
significantly reduced, and the ratio of albumin
to GLB was reduced. The GIA group showed
higher levels of serum ALB and a greater pro-
portion of the model group of GLB than the
model group (Figure 2B, 2C).

The liver index and spleen index of the model
group were significantly decreased to those of
the control group. Compared with the indexes
of the model group and the colchicine group,
those of the GIA group decreased significantly
(Figure 2D).

Am J Transl Res 2022;14(8):5812-5822



The anti-hepatic fibrosis mechanisms of Gorse isoflavone alkaloid

A 500- B3 ALT(U) B

*k

400 I

300+

1 AST(IU)

200+

1001

C 2.0-
#
154 —T— * =
== T
Q 1.0
0.5+
0.0 T T T T
«° ¥ Nyl \°e
& *0 [€) {\\O
[¥) \0
®

EE ALB(g)
3 GLB(gA)

* B3 liver index
3 spleen index

cp(éo be‘o\v‘}oe Q\‘é @‘ GV.\&
& O
S ¢

Figure 2. A. Changes in serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST). B. Changes
in serum albumin (ALB) and globulin (GLB) levels. C. Comparison of ALB and GLB levels. D. Liver index and spleen
index. Compared with the control group *P <0.05, **P<0.01, compared with the model group #P<0.05, #P<0.01,
compared with the colchicine group 2P<0.05, 22P<0.01, n=10 (GIA, Gorse isoflavone alkaloid).
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Figure 3. A. Liver fibrosis grades. B. Concentrations of hydroxyproline (Hyp) in from that of the model group

the liver tissue. Compared with the control group **P<0.01,
the model group #*P<0.05, #P<0.01, compared with the colchicine group

4P<0.05, n=10 (GIA, Gorse isoflavone alkaloid).

The effects of GIA on the Hyp and grading of
rat liver fibrosis

The concentration of Hyp in the liver tissue of
the model group was much higher than that of
the control group (P<0.01) and the value of Hyp
in the GIA group and colchicine groups was sig-
nificantly lower than that of the model group.
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compared with and the colchicine group. GIA
treated rats had a significantly
reduced liver fibrosis grade.

Liver fibrosis is divided into five stages, the first
stage (0) means no liver fibrosis; The second
stage (1) refers to the fibrosis around the sink
area and the sink area, as well as the fibrosis
around the hepatic sinuses or the fibrous scar
in the lobule; The third stage (2) refers to the
formation of fibrous septa within the lobule,
and multiple fibrous septa can be seen; The

Am J Transl Res 2022;14(8):5812-5822
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Figure 4. GIA alleviated oxidative stress injury in liver fibrosis model rats. A.
Concentrations of, and malonic dialdehyde (MDA) in liver tissue. B. The level
of superoxide dismutase (SOD) in liver tissue. Compared with the control
group **P<0.01, ***P<0.001, compared with the model group #P<0.05,

lagen fibres in the liver tissue
extended outward along the
manifold inflammatory necro-
sis areas to form fibrous spac-
es of varied thickness, divid-
ing and surrounding the liver
lobule, and creating further
partially formed lobule, as
shown in Figure 5B. In the GIA
group, collagen fibres in liver
tissue proliferated along with
the inflammatory and necrotic
areas, forming intermittent,
thin fibrous spaces. There was
no apparent pseudolobule for-
mation, as shown in Figure
5C. Levels of collagen fibre for-

#P<0.01, n=3 (GIA, Gorse isoflavone alkaloid).

fourth stage (3) refers to the formation of a
large number of fibrous septa, and destruction
of liver lobules, resulting in lobule structural
disorder; The fifth stage (4) refers to early cir-
rhosis, with the formation of pseudo lobules,
inter septal collagen and elastic fibers remod-
eled in parallel.

GIA alleviated oxidative stress injury in liver
fibrosis model rats

Oxidative stress is an important cause of the
death of hepatocyte in liver fibrosis. GIA could
act as an antioxidant agent, as stated in the
introduction. Hepatic tissue MDA and SOD lev-
els were measured to evaluate the degree of
oxidative stress damage and antioxidant capac-
ity. The results (Figure 4A) showed that com-
pared with the control group, the MDA level in
Model group was significantly increased, and
the change was significantly alleviated by GIA
and the colchicine treatment (P<0.01). Similarly,
the concentration of SOD significantly reduced
in the Model group, while GIA and the colchi-
cine treatment significantly increased it (Figure
4B).

Masson collagen staining

Masson collagen staining colours collagen
fibres blue, enabling examination of collagen
fibre distribution under the microscope.

In the control group, only a small number of
blue fibres were seen. These were around the
thin, short blood vessels in the manifold area,
as shown in Figure 5A. In the model group, col-
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mation in the colchicine group

were greater than that in the
GIA group but less than the model group and,
as shown in Figure 5D.

Quantitative analysis indicated that collagen
fibre formation in the liver tissue of rats in the
model group was significantly greater than in
the control group. The amount of collagen fibre
in the liver tissue of the GIA group was signi-
ficantly lower than that in the model group and
colchicine group. The colchicine group also
showed significantly less fibre formation than
the model group (Figure 5E).

The effect of GIA on the Hyp and TGF-B1 in
liver fibrosis rats

The positive substance for TGF-B1 expression
was brown granules. There were no TGF-B1
positively stained cells in the liver tissue of the
control group. In the model group, positively
stained cells were seen in the confluent area
and the fibrous septa, most of which were fusi-
form or irregular in shape. Macrophages, fibro-
blasts, and hepatic stellate cells were domi-
nant, with an average of 17 positive stains per
200x field of view (Figure 6), which was signifi-
cantly greater than for the control group. There
were fewer cells stained with TGF-B1 in the GIA
group and colchicine group compared with the
model group.

Effects of GIA on the expression of mMRNA in
liver.

RT-PCR was performed using total RNA isolated
from the livers of the rats in each group as a
template for PCR amplification. As shown in

Am J Transl Res 2022;14(8):5812-5822
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group (Figure 7A, 7B). The ex-
pressions of TGF-f1 and
p-smad2/3 in the GIA group
were down-regulated com-
pared with the model group
(Figure 7B). Although the ex-
pressions of smad2/3 among
these groups showed no dif-
ference (Figure 7C), the ratio
of p-smad2/3 to smad2/3 in
the model group was appar-
ently different from that of the
GIA group and the Colchicine
group (Figure 7D).

Discussion

In this study, we investigated
the antifibrotic effects and
molecular mechanisms of the
novel compound, gorse isofla-
vone alkaloid. Our data indi-
cated that GIA is able to
reduce the deposition of col-
lagen fibres and the fibrosis
index Hyp of liver tissue, with
resultant antifibrotic effects
on the liver.
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Figure 5. (A-D) Masson collagen staining (200x). (E) Quantitative analysis
of collagen fibre deposition in the liver tissue of rats. Compared with the
control group (A) **P<0.01, compared with the model group (B) #P<0.05,
#P<0.01, compared with the colchicine group (D) 2P<0.05, n=3 (GIA, Gorse

isoflavone alkaloid).

Figure S1, the expressions of TGF-B1, Smad2
and Smad3 mRNA in model group rats was sig-
nificantly higher than those in the control group,
and these mRNA levels were decreased in the
rats treated with GIA. Meanwhile, the expres-
sion of TGF-B1, Smad2 and Smad3 mRNA was
decreased in the Colchicine group as compared
with the model group.

TGF-B1 and p-Smad2/3 expression were
down-regulated by GIA

The expressions of TGF-B1 and p-smad2/3 in
the liver of rats were detected. The results
showed that the expressions of TGF-f1 and
p-smad2/3 in the model group were significant-
ly up-regulated when compared with the control
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Chemical liver injury is caused
by alcohol, toxic substances in
the environment and drugs. It
is a precursor to various liver
diseases, including liver fibro-
sis, cirrhosis, liver cell necro-
sis, and liver cancer. Since the
aetiology of liver damage in-
cludes factors such as exces-
sive drinking and drug abuse,
some people are more likely to be exposed to
hepatotoxic substances to a degree that ex-
ceeds the metabolic capacity of the body,
resulting in liver damage and, potentially, cause
alcohol-induced liver damage, such as hepatic
fibrosis and liver cancer [11].

Liver fibrosis is the pathological process of
abnormal deposition of collagen and other
fibrous tissue in the liver. During fibrosis, hepat-
ocytes (HC) undergo necrosis and inflammatory
stimulation and this causes the deposition and
degradation of the ECM of collagen and other
cells [12].

TGF-B1 is the core substance that regulates the
occurrence and development of liver fibrosis

Am J Transl Res 2022;14(8):5812-5822
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synthesis. It also induces he-
patocyte apoptosis and the
injured hepatocytes release
large amounts of proline oxi-
dase required for collagen
synthesis and secretes TGF-
Bl [24]. The TGF-B1 stimu-
lates the synthesis of liver col-
lagen and fibronectin at the
level of transcription and tran-
slation while inhibiting the syn-
thesis and secretion of vari-
ous hydrolases. This increas-
es the expression of tissue
inhibitors of metalloprotein-
ase (TIMP) and other protease
inhibitors, antagonising the
degradation of ECM, and pro-
moting continuous deposition
of ECM in the liver [25-27].

The TGF-B1/smad2/3 signal-
ing pathway has a strong
association with fibrosis and
angiogenesis. Smad signal
transduction pathway medi-
ates collagen synthesis induc-
ed by TGF-B1, which plays a

Figure 6. (A-D) Positive Transforming Growth Factor-B1 (TGF-B1) cells. (E)
Quantitative analysis the positive TGF-B1 cells by immunohistochemical.
Compared with the control group (A) **P<0.01, compared with the model

group (B) #P< 0.01, n=10 (GIA, Gorse isoflavone alkaloid).

[13, 14]. TGF-B1 is a group of polypeptides with
multiple biological functions, including a crucial
role in regulation of cell proliferation and differ-
entiation [15-17]. It is involved in the process of
the cell cycle, the formation of blood vessels
and embryos, the induction of apoptosis and
immune regulation [18-20]. A lot of cells in the
liver can produce TGF-B1 [21]. These include
hepatic stellate cells (HSC), Kupffer cells,
endothelial cells, blood-derived T lymphocytes
and platelets.

TGF-B1 plays a significant role in liver fibrosis by
converting HSCs to myofibroblasts (MFBs). At
the same time, new HSC continues to secrete
TGF-B1, which activates more HSC, creating a
vicious circle and accelerating the progress of
the fibrosis [22, 23]. TGF suppresses hepato-
cyte regeneration by inhibiting hepatocyte DNA
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key role in the development
of liver fibrosis and recovery
[24]. TGF-B1 exerts its biologi-
cal and pathological activity
through the TGF-B/Smad2/3
signaling pathway when acti-
vated [28]. To clarify the rela-
tionship of TGF-B/Smad2/3
signaling pathway with GIA for
liver fibrosis, the mechanisms by which GIA
resisted CCl, induced fibrosis were investigat-
ed. The phosphorylation of Smad2/3 is the key
to activate the TGF-B/Smad2/3 signaling path-
way. Our findings suggested that TGF-f1 was
downregulated after GIA treatment, and GIA
further inhibited phosphorylated Smad2 and
Smad3, decreasing the ratio of p-smad2/3 to
smad2/3 but no difference of smad2/3 among
groups. According to our findings, GIA inhibits
TGF-B/Smad2/3 signaling, which is consistent
with previous findings that GIA to be antifibrotic
in hepatic fibrosis.

Hyp is a unique amino acid of collagen. The
level of Hyp is indicative of the amount of col-
lagen in the liver and this indicates the degree
of liver fibrosis. Measuring the level of Hyp in
liver tissue is a common method for inferring

Am J Transl Res 2022;14(8):5812-5822



The anti-hepatic fibrosis mechanisms of Gorse isoflavone alkaloid

A B 06+
E *
TGF_B1 —— W— T e & P 0.4
0% 2
SMAU2I3 e —— — ——— 2
i S
p-smad2/3 s I — g ? 929
-= o &
=
CAPDH oy e e qum 5 © ;|
© N e )
€ F ¥ L
& N &
A
oO
C  0.20q D 1.5+
E Q *k
o 4, 0.15-] g
Lo g 104
oS E "
oo ]
& = 0.104 I
T 5 ]
E@ B 051 it
@ & 0.05- "E.’ ##
25 [-%
" @
s 0.00- 0.0-
~ N "y N
({éo obq' o\v- -6‘& ({éo obe‘ c’\? o\eo
& & < ¥ &
& &

Figure 7. The expressions of Transforming Growth Factor-B1 (TGF-31),
smad2/3 and p-smad2/3 in the liver. (A-C) The expressions of TGF-B1, p-
smad2/3 and smad2/3 were detected by western blot, GAPDH was used
as an internal control. (D) The ratio of p-smad2/3 to smad2/3 was cal-
culated based on the protein expressions of p-smad2/3 and smad2/3.
Compared with the control group *P<0.05, **P<0.01, compared with the
model group #P<0.05, #P<0.01, n=3 (GIA, Gorse isoflavone alkaloid).
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Figure 8. The mechanism by which GIA reduces liver fibrosis in rats (GIA,
Gorse isoflavone alkaloid; ECM, Extracellular matrix; Hyp, Hydroxyproline;
TGF-B1, Transforming Growth Factor-B1; ALT, Alanine aminotransferase;
AST, Aspartate aminotransferase; ALB, Albumin; HSC, Hepatic stellate
cells; A/G, ALB/GLB).
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the collagen fibre levels [29]. In
this study, rats with CCI, induced
liver fibrosis had significantly
higher levels of Hyp than the
healthy control group, indicating
that collagen hyperplasia is very
active. Rats with CCl, induced
liver fibrosis treated with GIA
showed significantly lower Hyp
levels. These results revealed
that GIA can apparently reduce
the degree of liver fibrosis in
rats, which indicates that GIA
may be helpful in resisting or
reversing the progression of liver
fibrosis.

As shown in Figure 8, our
research showed that the mech-
anism by which GIA protects the
liver might be due to the reduc-
tion of cytokine TGF-B1 expres-
sion in liver tissue. This would
inhibit the HSC reaction and stel-
late cell activation, reducing the
synthesis of collagen and other
ECM and promoting their degra-
dation. Those data implied that
TGFB/Smad2/3 pathways might
be involved in mediating the
anti-fibrosis activity of GIA in the
liver. However, whether TGFB/
Smad2/3 pathways participate
in mediating the anti-fibrosis
effect of liver remain to be
elucidated.

Conclusion

In summary, gorse isoflavone
alkaloid has a beneficial role in
preventing liver fibrosis. It has a
comprehensive pharmacologi-
cal effect, various pathological
targets and is an ideal antifibrot-
ic novel compound. These find-
ings indicate that gorse isofla-
vone alkaloid has considerable
prospects in medicine and func-
tional foods for future antifibrot-
ic liver treatment.
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Table S1. Primer sequences for PCR amplification

mRNA Primer sequence

TGF-B1 Forward primer: AGGGCTACCATGCCAACTTC
Reverse primer: CCACGTAGTAGACGATGGGC

Smad2 Forward primer: GGACACGAACTCAAGCGCAA
Reverse primer: AATCGGAAGGGAAACGTCGC

Smad3 Forward primer: AGTTAAAAGCGAAGTTCGGGC
Reverse primer: CTTGGTGTTCACGTTCTGCG

GAPDH Forward primer: CCGCATCTTCTTGTGCAGTG

Reverse primer: ACCAGCTTCCCATTCTCAGC
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Figure S1. The mRNA levels of TGF-B1 (A), Smad2 (B) and Smad3 (C) were quantified by real-time PCR. Compared
with the control group *P<0.05, **P<0.01, compared with the model group #P<0.05, ##P<0.01, n=3.



