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Background: This study aims to investigate the impacts on the proliferation, inhibition, apoptosis, and cell
cycle of hepatic stellate cells (HSC-T6) in rats by using traditional Chinese medicine (TTCM) in serum.
Methods: Twenty-seven rats were randomly divided into nine groups on average: a blank control (BC)
group (fed by distilled water), a positive control group (colchicine solution, 0.05 mg/mL), and seven TCM
groups [with the aim of clearing the liver of choleresis with 0.24 g/mL (weight of TCM herbs per milliliter),
0.73 g/mL, 1.22 g/mL, 2.45 g/mL, 7.34 g/mL, 12.24 g/mL, 24.48 g/mL]. Each rat received gavage with
a dose of 1 mL/100 g twice a day for 7 days to prepare the drug serum. The HSC-T6 were divided into a
TCM serum group, a positive control group, and a BC group. The TCM group and the positive control
group were given corresponding drug serum for incubation, while the BC group received the medium
without drug serum.

Results: The cellular proliferation inhibition rate in the positive control and TCM groups was
significantly higher (P<0.01) than that in the BC group. The number of cells in the positive, 0.24 g/mL
TCM, 1.22 g/mL TCM, and 7.34 g/mL TCM groups increased significantly (P<0.05) in the GO/G1 phase
compared with the BC group. The number of cells in the positive group and all the TCM groups clearly
increased in phase S by 0.73 g/mL in the TCM group, 2.45 g/mL in the TCM group, 12.24 g/mL in the
TCM group, and 24.48 g/mL in the TCM group compared with the BC group, and the difference was
statistically significant (P<0.05). The number of cells in the G2/M phase of the positive control group and
all the TCM groups decreased significantly. Compared with the BC group, the positive group, 0.24 g/mL
TCM group, 0.73 g/mL TCM group, 1.22 g/mL. TCM group, 2.45 g/mL TCM group have statistically
difference (P<0.05).

Conclusions: A Qinggan Lidan prescription may exert anti-hepatic fibrosis effects by blocking HSC-T6
in the GO/G1 and S phases and by suppressing the proliferation of HSC-T6.
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Introduction

Hepatic fibrosis (HF) is one of the pathological processes
underlying chronic liver disease that results from
various causes and is also the process through which
cirrhosis develops. HF is a complex process that develops
dynamically. It is a multi-gene, multi-cell, and multi-factor
co-regulation process that participates in the occurrence
and development of liver fibrosis (1). Hepatic stellate
cells (HSCs) are the key cells involved in HE, resulting in
fiber deposition, liver tissue remodeling and disorder, and
acceleration of HF (2). The pathogenic factors of liver
fibrosis are activated by HSCs, and the activated HSCs
follow the evolution of “HSCs-myofibroblast-extracellular
matrix-hoof tissue and collagen fibers”. Therefore, HSCs
are the core elements of liver fibrosis. Consequently,
inhibiting HSC activation is an important therapeutic target
for the treatment of liver fibrosis.

As the liver belongs to the yin in physique and yang in
function, unobstructed liver collaterals can play a role in
liver catharsis and regulate changes in qi and the blood.
The liver acts through liver collaterals. HF can be induced
by various means, such as qi transportation and distribution
disorders, collateral qi stagnation, and qi-blood-body
fluid movement disorders in the liver collaterals. Qi is a
commander of the blood, and stagnation in qi leads to
poor blood flow, blood stasis, and collateral obstruction,
resulting in masses under the ribs and accumulation of
turbid phlegm in the liver collaterals, finally leading to
liver fibrosis and cirrhosis. Our previous study showed that
Chinese medicine interventions can effectively control the
progress of liver fibrosis in children with biliary atresia
after Kasai surgery (3). Therefore, to further investigate
the mechanisms of traditional Chinese medicine (T'CM) in
anti-liver fibrosis therapy, this study used Chinese medicine
containing serum to intervene HSC-T6 according to the
theory of liver collateral disease to explore its effect on the
treatment of liver fibrosis. This provides the theoretical
basis for the prevention and treatment of liver fibrosis by
TCM. We present the following article in accordance with
the ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1545).

Methods
Animals

A total of 27 Wistar male rats (weight: 220+20 g, grade:
clean) were provided by Charles River Laboratories (Beijing,
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China). Experiments were performed under a project license
(No. 1103241911038659) granted by ethics committee of
Beijing Children’s Hospital, in compliance with the Guide
for the Use of Laboratory Animals.

Cells

The HSC-T6 cell strain has an immortalized phenotype.
The HSC-T6 cell strain and SV40-transfected HSC of rats
were provided by Hunan Fenghui Biotechnology Co., Ltd.
(Hunan, China).

Medicine

The preparation of the TCM, including the ingredients
used, was in line with the Chinese Pharmacopoeia 2015.
The ingredients included raw malt, herba artemisiae
scopariae, longhairy antenoron herb, tetrapanax papyriferus,
salviae miltiorrhizae, lycopus lucidus, cortex phellodendri,
poria cocos, atractylodes, peach kernel, safflower, radix
paeoniae rubra, and turtle shell. The herbs were purchased
from Beijing Bencao Fangyuan Pharmaceutical Co., Ltd.
(Beijing, China), lot No.: 20190320. Colchicine tablets
(0.5 mg/tablet, lot No.: 190406-01) were purchased from
Kunming Pharmaceutical Group Co., Ltd. (China).

Reagents and instruments

A DMEM medium and fetal bovine serum (FBS) were
purchased from Gibco, cell counting kit-8 (CCK-8)
reagents were purchased from Solabel company, a CO,
incubator was obtained from Sanyo, a Cell Cycle Detection
Kit was purchased from Jiangsu KeyGEN BioTECH
Corp., Ltd., a super clean workbench was obtained from
Suzhou Purification Equipment Co., Ltd., a biological
inverted microscope was purchased from Olympus, and a
desktop low-speed centrifuge was obtained from Medical
Equipment Plant of Shanghai Medical Device Co., Ltd.

Study methods

Preparation of the drug serum

Wistar rats were kept at room temperature of 21-25 °C
with 50-60% relative humidity, living in a half day and
half night environment. They were fed together and given
free access to water. The 27 Wistar rats were randomly
divided (by drawing lots) into the blank control group
(BC group, n=3), positive control group (n=3), and TCM
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groups (n=3, 0.24 g/mL, 0.73 g/mL, 1.22 g/mL, 2.45 g/mL,
7.34 g/mL, 12.24 g/mL and 24.48 g/mL). The rats in the
BC group were fed 1 mL/100 g distilled water. The rats in
the positive control group were given 1 mL/100 g colchicine
solution (0.05 mg/mL). The different fold dosages for the
rats were converted according to the actual clinical dosages
of children in each TCM group based on the third edition
of Experimental Methodology of Pharmacological, namely
1 mL/100 g each time for drench, twice a day, with an interval
of 8 h, administered for 7 consecutive days (4). The rats were
anesthetized with 2% pentobarbital sodium by intraperitoneal
injection 1 h after the final administration. Blood was taken
from the abdominal aorta under aseptic conditions. After
standing for four hours at 4°C, the blood was centrifuged for
20 min at 3,000 r/min. The supernatant was absorbed and
inactivated in a water bath for 30 min at 56 °C, filtered with a
0.22 um micropore filter, and refrigerated at 80 °C standby.

HSC-T6 culture

HSC-T6 were cultured in a DMEM medium containing
10% FBS, 100 U/mL penicillin, and 100 U/mL streptomycin
in a constant-temperature incubator with 5% CO, and
saturated humidity at 37 °C. The solution was changed every
2-3 days. Digestive passage was conducted when the cells
were covered to 80%. A serum-free starved culture was
performed for 24 h to synchronize the cell cycle. According
to the concentration required in the experiment, the samples
were hatched in a 6-well plate and a 96-well plate and divided
into drug serum groups (0.24 g/mL, 0.73 g/mL, 1.22 g/mL,
2.45 g/ml, 7.34 g/mL, 12.24 g/mL, and 24.48 g/mL groups),
a positive control group, and a BC group with drug-free
serum culture medium. The supernatant was discarded after
the cells were attached to the wall. The 10% drug serum
culture solution and DMEM were added for inoculation
according to the groups. The cells were collected for testing
after being cultured for the length of time required by the
experiment.

Cell viability tested by cell counting kit-8 (CCK-8)

The logarithmic growth cells were collected, and the cell
suspension (100 pL/well) was inoculated in a 96-well plate.
The culture plate was placed in an incubator and hatched
for 24 h at 37 °C with 5% CO,. The culture solution
was changed to a DMEM medium without serum and
continued to culture in the incubator for 24 h. The control
group was changed to a serum-free medium, and the other
groups were changed to a TGF-B1 serum-free medium to
continue culturing for 24 h. The corresponding medium
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containing 10% drug serum was added to each group and
continuously cultured for 24 h. A total of 10 pL. CCK-8
10 reaction solution was added to each well. The culture
plate was placed in the incubator and incubated for 2 h at
37 °C. The absorbance (OD value) was measured at 450 nm
by ELISA and repeated three times. The cell proliferation
inhibition rate (%) = (absorbance of 1-test/blank control
group) x100%.

Apoptosis rate tested by flow cytometry

The cells in the tube were transferred to the flow cytometry
(FCM) tube and washed with cold PBS twice. Following
this, 1x binding buffer was added to resuspend the
cells. The cell concentration was adjusted to 2x10°/mL.
Subsequently, 2 pl Annexin VFITC and 2 pL propidium
iodide staining solution were added, and the tube was mixed
gently and incubated for 15 min at 4 °C without light. FCM
was used for testing (QQ2 zone: advanced apoptotic cells; Q3
zone: early apoptotic cells), and Cell Quest software was
used to analyze the results. The experiment was repeated
three times.

Cell cycle detection by FCM

The cells were washed once with precooled PBS and
centrifuged at a speed of 1,000 r/min for 5 min. The
supernatant was subsequently discarded. RNase A was
mixed with propidium iodide at a ratio of 1:4 and blended.
A total of 500 pLL was added to each sample and incubated
for 30 min at 37 °C. The DNA stages were analyzed by
FCM. The red fluorescence at 488 nm of the excitation
wavelength and the results of Modfit software analysis were
recorded. The experiment was repeated three times.

Statistical analysis

Data were statistically analyzed using SPSS 22.0 and
expressed as mean = standard deviation (¥ = s). Comparisons
between the groups and time points were conducted
using one-way analysis of variance (ANOVA). P<0.05 was
considered statistically significant.

Results

As shown in Figure 1, the cellular proliferation inhibition
rate in the positive control group and all the TCM groups
increased significantly 24 h after the drug serum had acted
on the cells. The difference in each group was statistically
significant compared with the BC group (P<0.01). In
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Figure 1 Effect of the cellular proliferation inhibition rate in the
positive control, BC control and TCM groups. BC, blank control;
TCM, traditional Chinese medicine.

Table 1 Comparison of apoptosis rates across groups (%, x+s)

Group n Early apoptosis Late apoptosis
BC 3 2.16+0.13 0.60+0.15
Positive group 3 2.50+0.39 0.79+0.18
0.24 g/mL TCM 3 2.20+0.58 0.95+0.28
0.73 g/mL TCM 3 1.66+0.43 0.84+0.21
1.22 g/mL TCM 3 2.28+0.34 0.74+0.11
2.45 g/mLTCM 3 1.78+0.29 0.67+0.07
7.34 g/mL TCM 3 2.28+0.08 0.75+0.02
12.24 g/mL TCM 3 1.35+0.92 0.90+0.34
24.48 g/mL TCM 3 1.27+0.33 0.83+0.26

There was no statistically significant difference between the
groups (P>0.05). BC, blank control; TCM, traditional Chinese
medicine.

addition, the inhibition rate of the 24.48 g/mL TCM group
was the highest, which showed that the TCM could inhibit
proliferation of HSCs. It was observed that by promoting
circulation, removing stasis, and dredging collaterals, the
prescription could inhibit the activity of the HSCs.

As shown in Table 1 and Figure 2, the cellular apoptosis
rate was <3% in the Q2 and Q3 zones. The apoptosis
rate was not clear, and the difference between the two
groups was not significant (P>0.05). This indicated that
by promoting circulation, removing stasis, and dredging
collaterals, the prescription did not alleviate or reverse liver
fibrosis through an HSC apoptosis mechanism.

As shown in Tible 2 and Figure 3, the number of cells in the
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positive control group, 0.24 g/mL. TCM group, 1.22 g/mL. TCM
group, and 7.34 g/mL TCM group increased significantly
in the GO/G1 phase compared with the BC group, and
the difference was statistically significant (P<0.05). The
number of cells in the positive control group and all the
TCM groups increased significantly in the S phase. The
difference was statistically significant in the 0.73 g/mL
TCM group, 2.45 g/mL TCM group, 12.24 g/mL. TCM
group, and 24.48 g/mL TCM group compared with the BC
group (P<0.05). The number of cells in the positive control
group and all the TCM groups decreased significantly in
the G2/M phase. The difference was statistically significant
in the positive group, 0.24 g/mL TCM group, 0.73 g/mL
TCM group, 1.22 g/mL TCM group, and 2.45 g/mL. TCM
group compared with the BC group (P<0.05). Based on
these results, it is thought that by promoting circulation,
removing stasis, and dredging collaterals, TCM therapy
based on the theory of liver collateral disease can inhibit the
activation of HSCs by blocking the cell cycle in the G0/G1
and S phases.

Discussion

The effect of TCM in the treatment of liver fibrosis has
been affirmed by the medical community, clinical common
single Chinese medicine, compound medicine, effective
ingredients of Chinese medicine and acupuncture and
moxibustion treatment, Chinese medicine compound W
multi-component, multi-directional, multi-channel, multi-
level advantages, has obtained an outstanding curative
effect in the treatment of fibrosis (5). The theory of liver
collateral disease is one of the important components of
TCM collateral disease theories. The collaterals of the
human body are widely distributed, and collateral disease
is a series of symptoms that occur under collateral damage,
which is characterized by blood stasis and qi stagnation and
manifesting in visceral dysfunction. As the liver belongs
to the yin in physique and yang in function, unobstructed
liver collaterals can play a role in liver catharsis and regulate
changes in qi and the blood (6). The liver acts through
liver collaterals. Liver collateral malnutrition in children
can be induced by various means, such as gi transportation
and distribution disorders, collateral qi stagnation, and
qi-blood-body fluid movement disorders in the liver
collaterals. Qi is a commander of the blood, and stagnation
in qi leads to poor blood flow, blood stasis, and collateral
obstruction, resulting in masses under the ribs, qi-blood-
body fluid retention, and accumulation of turbid phlegm
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Figure 2 Effect of the apoptosis rate in the positive control, BC control and TCM groups. BC, blank control; TCM, traditional Chinese

medicine.

in the liver collaterals, finally leading to liver fibrosis and and irrigation. The liver and gallbladder lose nourishment

cirrhosis. Liver collateral stasis and a deficiency in qi and and become deficient in yin and yang, and qi, while blood

blood may lead to the failure of transportation, distribution, in the collaterals causes a deficiency in qi, blood in the
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Table 2 Comparison of the cell cycle among the different groups (%, ¥+s)
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Group n G0/G1 S G2/M

BC 3 44.52+1.99 24.52+1.87 30.96+2.02
Positive group 3 47.93+0.63" 27.10+1.40 24.97+2.03"
0.24 g¢/mL TCM 3 48.47+1.67* 25.46+2.04 26.06+0.61*
0.73 g/mL TCM 3 39.26+1.25 34.02+1.32* 26.72+1.36*
1.22 g¢/mL TCM 3 45.66+3.30* 28.65+4.43 25.68+1.95*
2.45 g/mL TCM 3 43.48+1.05 29.29+1.77* 27.23+0.98*
7.34 g/mL TCM 3 47.81+0.10" 25.69+2.22 26.50+2.16
12.24 g/mL TCM 3 39.51+0.51 31.51+2.93* 28.98+2.86
24.48 g/mL TCM 3 40.18+0.42 32.67+1.81* 27.14+1.82

Compared with BC group, “P<0.05. BC, blank control; TCM, traditional Chinese medicine.

liver collaterals, and a loss of nourishment of the liver
and gallbladder, which results in prolonged and repeated
illness. Therefore, from the perspective of liver collateral
disease theory, the treatment of liver fibrosis can be guided
by the basic pathogenesis of qi and blood imbalance and
the principle of unobstructed collaterals. Our previous
study confirmed that children with postoperative biliary
atresia treated with T'CM had increased blood circulation,
which removed blood stasis and softened hardness to
dissipate stagnation. Furthermore, removing blood stasis
and dredging collaterals improved the liver function more
rapidly, smoothly, and effectively after a biliary atresia
operation to effectively delay the progress of liver fibrosis (3).

In the TCM prescription mentioned above, raw malt
was reused as a monarch to strengthen the spleen and
soothe the liver. The use of raw materials takes on the
meaning of growing and developing, which accords with
the physiological characteristics of liver vitality. The
administered drugs were combined with radix paeoniae
rubra, lycopus lucidus, and salvia miltiorrhiza. These
medicines are gentle and mainly affect the liver meridian
and blood system, working to promote circulation, remove
stasis, and dredge collaterals, as well as improving liver
collateral stasis and stagnation. Furthermore, lycopus
lucidus can enter the spleen meridian. Its scent refreshes the
spleen, aids in the excretion of water, and reduces swelling,
though its effect is slow. In combination with tetrapanax
papyriferus, it can prevent and cure liver ascites resulting
from water and blood stasis. Moreover, combining the
treatment with other administered drugs, such as herba
artemisiae capillariae, longhairy antenoron herb, and cortex

phellodendri, helps clear the spleen and stomach and
remove the dampness-heat of the liver and gallbladder. In
addition, these drugs are important for treating jaundice;
regardless of whether it is yang jaundice or yin jaundice,
they are all compatible applications. Assistant with poria
cocos and atractylodes, it takes the meaning of the four
characters and can replenish qi and tonify the middle-jiao,
strengthen the spleen, and nourish the stomach (7). Peach
kernel and safflower work synergistically to activate the
blood circulation and dredge the collaterals. The turtle shell
is salty-cold in nature and heavy in substance. It not only
nourishes the liver and kidney, but also softens hardness by
dissipating stagnation. It can be used to treat the symptoms
of lumps below the costal region, abdominal mass, and
accumulation. The combination clears liver collateral
stagnation, smooths qi and the blood of the liver collaterals,
tonifies the deficiency of and damage to the liver collaterals,
and therefore plays a role in anti-fibrosis and anti-cirrhosis.
The anti-fibrosis and anti-cirrhosis mechanisms of the
compound drugs have been studied. Through animal
experiments, Niu and Wu (8) found that total flavonoids of
artemisia stellariae can effectively protect the liver function
and hydroxyproline content in liver tissues of experimental
rats and block the progression of liver fibrosis at the same
time. Furthermore, radix paeoniae rubra can restrict matrix
hyperplasia by inhibiting collagen proliferation (9). Ye and
Cao (10) confirmed that the mechanism of salvia containing
serum to inhibit the proliferation of hepatic stellate cells
down-regulates TGF-1 and CyclinD1 and up-regulates
RXR- to control the development of HF. Therefore, the
above-mentioned herbs were selected for the experimental

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(4):3648-3656 | http://dx.doi.org/10.21037/apm-20-1545



3654 Zhang et al. Mechanism of hepatic stellate cell proliferation and apoptosis
Cell apoptosis in each group
] ggsﬂ =GOG1 = gg“e/ﬂ
400__ S-Phase 400 ] g-zF!\l{‘\ase 400—_ S-Phase
300 300
o} ] o} ]
£ 200 £ 200
=) 1 S 4
=z — b4 =
100 100
0]
0 20 40 60 80
PE-API 0 20 40 PEESR bl 80 100 120
Positive gropup 0.24 g/mL
M GoG1 B GoGi M GoG1
400 — g—%ﬂ\ase 400 — 400 ] g—%‘ﬂase
300 -] 300 300
g ] [} ] g ]
£ 200 - £ 200 € 200
=3 1 =] T =1 1
=z ~ p=4 B b4 e
100 100 100
0 0 o
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
PE-A PI PE-A PI PE-A PI
0.73 g/mL 1.22 g/mL 2.45 g/mL
M GoG1 ] ggsﬂ M GoG1
400 ] S-Phase 400__ g'z';\f‘ase
300 -
9] ]
€ 200 |
S ]
2 ]
100 -]
04
0 20 40 60 80 100 120 0 20 40 60 80 0 20 40 __60 80 100 120
PE-A PI PE-A PI PE-A PI
7.34 g/mL 12.24 g/mL 24.48 g/mL

Figure 3 Effect of the cell cycle in the positive control, BC control and TCM groups. BC, blank control; TCM, traditional Chinese

medicine.

study to protect the liver based on the theory of liver
collateral disease.

HSCs are the main cells in the liver that synthesize
the extracellular matrix (11). They are in a state of rest
in a normal liver. However, when the liver is damaged by
inflammation or mechanical stimulation, activation and
proliferation of HSCs can drive the occurrence of liver

© Annals of Palliative Medicine. All rights reserved.

fibrosis. Therefore, inhibiting HSC proliferation and
promoting HSC apoptosis are key factors in the treatment
of liver fibrosis. Both cellular proliferation and apoptosis
are closely related to the regulation of the cell cycle (12).
The cell cycle is divided into the DNA synthetic prophase
(G1), DNA synthetic phase (S), DNA synthetic anaphase
(G2), and cell division phase (M). The G0/G1 and G2/M
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phases of the cell cycle have cell cycle control checkpoints
that can ensure the function of cell mitosis synchronization
and ensure that the cell cycle begins downstream events
when upstream events are completed correctly (13). This
study used FCM to determine the different periodic phases
of cells according to the DNA content in the G0/G1, S, and
G2/M phases. The results revealed that promoting blood
circulation, removing blood stasis, and dredging collaterals
could block the GO/G1 and S phases of HSC-T6 based on
the theory of liver collateral disease; in addition, it could
prevent them from entering the G2/M phase normally,
thereby reducing the number of cells in the G2/M phase.
Therefore, this method may block HSC-T6 in the G0/G1
and S phases and inhibit the proliferation of HSC-T6 to
achieve anti-hepatic fibrosis.

Apoptosis is a programmed cell death pattern distinguished
from the concept of necrosis (14). HSC apoptosis is an
important method for eliminating activation, that is apoptotic
processes can reduce the number of activated HSCs
without causing damage to organelles, such as lysosomes, or
inflammatory damage to the microenvironment (15). In the
present study, the apoptosis of HSCs was detected by FCM
Annexin V FITC/PI double staining. The apoptosis rate of
each group was not clear based on the results. This suggests
that activating blood circulation, removing blood stasis, and
dredging collaterals may not play an antagonistic role in HF
by inducing the apoptosis of HSCs.

Conclusions

The mechanism of liver fibrosis is highly complex and
involves numerous cytokines, regulatory proteins, and
signaling pathways (16). Therefore, it is necessary to
determine the target of anti-liver fibrosis in rats by
exploring the activation of the blood circulation, removal of
blood stasis, and dredging of collaterals in suppressing the
activation of HSCs based on the theory of liver collateral
disease. The present study indicates that TCM can inhibit
the proliferation of HSCs and block the cell cycle in the
GO0/G1 and S phases based on the theory of liver collateral
disease and can therefore play a role in inhibiting HSC
activation and anti-hepatic fibrosis. The application of
TCM demonstrated a concentration-dependent trend.
However, the present study did not confirm whether this
method achieved its anti-liver fibrosis effects by suppressing
HSC apoptosis. Therefore, further research into methods
for inhibiting HSC activation is needed.

© Annals of Palliative Medicine. All rights reserved.
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