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Huanggqi Decoction reduces liver fibrosis in rats by
modulating PI3K/Akt/mTOR signaling and promoting
autophagy

Jingyin Mai ®%, Tianlu Hou ®?, Jiewen Shi®2, and Yang Cheng ®2*
Liver fibrosis is a chronic condition caused by various factors, and currently, there are no widely effective treatments. Autophagy plays
a crucial role in maintaining liver energy homeostasis, and its disruption can contribute to the development of liver fibrosis. This study

investigates the effects and molecular mechanisms of Huanggi Decoction, a traditional Chinese medicine, on autophagy and apoptosis

in fibrotic liver tissue. Tissue staining indicated that Huangqi Decoction mitigated CCL4-induced liver injury and apoptosis in rats.
Western blot analysis of liver fibrosis markers revealed that Huanggi Decoction significantly reduced the expression levels of
alpha-smooth muscle actin (a-SMA), type | collagen, matrix metalloproteinase-2 (MMP-2), and matrix metalloproteinase-9 (MMP-9).
Additionally, serum markers of liver fibrosis and biochemical indicators of hepatocyte injury showed that Huangqi Decoction effectively
lowered serum levels of hyaluronic acid (HA), lymph node (LN), type | collagen, aspartate aminotransferase (AST), and alanine
aminotransferase (ALT). Furthermore, Western blot analysis confirmed that Huangqi Decoction alleviated hepatocyte injury by
promoting autophagy and inhibiting the PI3K/Akt/mTOR signaling pathway. In conclusion, Huanggi Decoction enhances autophagy and
inhibits apoptosis through the PI3K/Akt/mTOR pathway in rats with liver fibrosis.
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Introduction

Hepatic fibrosis is the scarring of liver tissue following
chronic inflammation caused by various liver injury factors [1].
Chronic liver diseases—including cirrhosis, liver cancer, and
virus-mediated infections—affect billions of people worldwide.
These diseases are usually triggered by fibrosis, primarily
through the proliferation of hepatocytes stellate cells (HSCs),
and the activation of myofibroblasts, leading to the overexpres-
sion of extracellular matrix (ECM) [2]. Activated myofibroblasts
and HSCs are the primary cells responsible for fibrotic scar
formation. During liver fibrosis, HSCs interact with multiple
immune cells that either reside in or migrate to the liver, syn-
thesizing and releasing signaling molecules, such as cytokines
and chemokines that regulate liver fibrosis. Developing effec-
tive drugs remains an urgent challenge due to the multiple side
effects of anti-fibrosis therapies and the difficulty of diagnosing
asymptomatic patients.

Autophagy is a classical intracellular energy metabolism
and self-renewal mechanism. It serves as an important effec-
tor mechanism against pathogen invasion, stress response,
and protecting cells from ER stress damage caused by
organelle fragments and misfolded proteins. Autophagy
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plays a key role in biological development and maintaining
homeostasis [3,4]. Disruptions in cellular autophagy are
often involved in the pathological processes of many diseases,
including neurodegenerative disorders, cancer, and liver
diseases [5]. In normal liver tissue, autophagic activity is
low, but hepatocyte autophagy is activated during periods
of feeding restriction or starvation, providing the necessary
energy and nutrients by degrading intracellular misfolded
proteins and damaged organelles, thus maintaining cellular
homeostasis [6].

Abnormal autophagy is closely associated with the develop-
ment of liver fibrosis, while moderately activated autophagy
offers protection against fibrosis [7]. Although the role
of autophagy in liver fibrosis is well-established, current
anti-fibrotic treatments have limitations, such as side effects,
insufficient efficacy, and failure to target the underlying
mechanisms of fibrosis [8]. Therefore, there is a growing
demand for alternative therapies that can more effectively
target these mechanisms. One promising approach is the use
of traditional herbal medicines like Huanggi Decoction, which
has shown potential in both anti-inflammatory and anti-fibrotic
effects.
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Huanggqi Decoction originates from the theory of the Renzhai
Zhizhi Prescription written by Yang Shiying, a physician dur-
ing the Northern Song Dynasty [9]. This prescription is based
on the principles of supplementing Qi and nourishing Yin,
and it consists of seven traditional Chinese medicines: Astra-
galus membranaceus, Ophiopogon japonicus, Rehmannia gluti-
nosa, Poria cocos, Trichosanthes root, Schisandra chinensis,
and roasted licorice. Huangqi Decoction exhibits multiple phar-
macological effects [9]. In a previous report, we demonstrated
that Huangqi Decoction serum suppressed the proliferation and
migration of rat liver sinusoidal endothelial cells by inhibiting
angiogenesis through the promotion of Akt/mTOR-dependent
autophagy [10]. The present study aims to investigate the effects
and molecular mechanisms of Huangqi Decoction on autophagy
and apoptosis in liver tissues induced by CCL4-induced liver
fibrosis.

Materials and methods

Establishment of hepatic fibrosis rat model induced by CCL4
Healthy adult male Sprague-Dawley (SD) rats were
acclimatized for one week before the experiment. The rats
were randomly divided into five groups (n = 10): the normal
control group (Control), the model group (Model), and the low,
medium, and high-dose groups of Huangqi Decoction. Based
on previous studies [11, 12] and preliminary experiments, the
rats were administered different concentrations of Huangqi
Decoction (3.38, 6.75, and 13.5 g/kg).

From the first day of the experiment, the Control group was
intraperitoneally injected with 2 mL/kg of olive oil, while the
other groups received intraperitoneal injections of 2 mL/kg
of 40% CCL4 olive oil solution twice a week (on Tuesday
and Friday) for seven weeks. Starting from the 4th week, the
Huanggqi Decoction groups were administered Huangqi Decoc-
tion granules at doses of 13.5, 6.75, and 3.38 g/kg, respectively,
while the blank and model groups received distilled water twice
a day for four weeks. The study was approved by the Animal
Care Committee of Shuguang Hospital, affiliated with Shanghai
University of Traditional Chinese Medicine, and followed the
guiding principles for the care and use of laboratory animals
adopted by the committee.

Sample collection

After the final administration, the rats fasted for 12 h, with
access to water. After weighing, the rats were anesthetized,
their abdominal cavities were opened, and blood was collected
from the abdominal aorta. After standing at room temperature
for 30 min, the blood samples were centrifuged at 3500 g for
10 min at 4 °C. The serum was collected, stored in cryopreserva-
tion tubes, and kept at -20 °C for later use. The rat livers were
extracted and rinsed in ice-cold saline, and the excess water was
removed using filter paper. The liver was weighed to calculate
the liver index (liver index = liver wet weight/body weight x
100%). Two liver tissue samples were taken from the right lobe,
fixed in 10% neutral formaldehyde for HE staining and Masson
staining, while the remaining liver tissues were quickly frozen
in liquid nitrogen and stored at -80 °C.
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Histology examination

The liver tissues were immersed in 10% buffered formalin for
over 24 h, embedded in paraffin, and cut into 5-um-thick slices.
Pathological sections were examined to assess the extent of
fibrosis with H&E and Masson’s staining kits. The liver sec-
tions were observed under a light microscope (Leica, DM2500,
Germany). Representative views of the liver sections were
captured. Pathological observations, including H&E staining,
Masson'’s staining, and Sirius red staining, were subsequently
performed. Masson-stained images were randomly captured
from ten fields (magnification x 100) in three mice per

group.

Enzyme-linked immunosorbent assay (ELISA)

To investigate the fibrogenic state in CCL4-induced liver fibro-
sis, the concentrations of aspartate aminotransferase (AST),
alanine aminotransferase (ALT), hyaluronic acid (HA), lymph
node (LN), and collagenIin the supernatant of liver homogenate
were detected using the R&D system ELISA kits, following the
manufacturer’s protocols.

Tunel assay

Liver tissue apoptosis was detected using the TUNEL stain,
following the in situ cell death detection kit protocol (Roche,
Mannheim, Germany) as per the manufacturer’s instructions.

Western blot analysis

Equal amounts of protein from cells or liver tissue samples
were separated using vertical electrophoresis, then transferred
to PVDF membranes (Millipore, USA). The membranes were
blocked with 5% non-fat milk in TBS-T (TBS + 0.4% Tween-20)
for 2 h. Afterward, the membranes were incubated overnight
at 4 °C with the respective primary antibodies (alpha-smooth
muscle actin [a-SMA], collagen I, matrix metalloproteinase-
2 [MMP-2], matrix metalloproteinase-9 [MMP-9], Beclin-1,
LC3I1/LC3I, P62, p-PI3K/PI3K, p-Akt/Akt, and p-mTOR/mTOR)
at a dilution of 1:1000, except for GAPDH and B-actin. After
three washes with TBS-T, HRP-conjugated secondary antibod-
ies were incubated for 2 h, followed by three more washes with
TBS-T for 8 min each. Finally, the blots were incubated with ECL
(Proteintech, USA), and band intensity was quantified using
Image J software.

Ethical statement

The experimental protocols were approved by the Ethics Com-
mittee of Shanghai University of Traditional Chinese Medicine
(approval number: PZSHUTCM2020050216).

Statistical analysis

All data are presented as mean + standard deviation (mean
+ SD). Differences between groups were analyzed using
two-tailed Student’s t-tests or one-way analysis of variance
(ANOVA). Statistical significance was set at *P < 0.05,
**P < 0.01, and ***P < 0.001. GraphPad Prism 8.2 was used for
figure generation.
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Effect of Huanggi Decoction on liver tissue injury in rats with liver fibrosis. The rats were divided into five groups: Control group, Model group,

and Huangqi Decoction intervention groups (3.38, 6.75, and 13.5 g/kg). Liver tissues from all five groups were obtained, and HE staining, Masson staining,
and Sirius red staining were performed to observe the histological and morphological changes.

Results

Effect of Huangqi Decoction on liver tissue injury in rats with
liver fibrosis

To examine the effect of Huangqi Decoction on liver fibrosis, we
constructed a hepatic fibrosis rat model induced by CCL4. HE
staining was performed to examine the histomorphology of the
liver. As shown in Figure 1, hepatocytes were closely arranged
with normal morphology and no damage. CCL4 treatment sig-
nificantly destroyed the liver tissue. However, treatment with
Huangqi Decoction at doses of 3.38, 6.75, and 13.5 g/kg effec-
tively improved liver histomorphology. Masson staining and
Sirius red staining were also performed. The results showed
that, in the blank control group, hepatocytes were neat and reg-
ular, the central vein was clearly visible, with a small amount
of hepatocyte degeneration, cytoplasmic looseness, scattered
necrosis, and mild lymphocyte infiltration in the portal area. In
the model group, the liver lobule structure was seriously dam-
aged, hepatocytes were arranged disorderly, significantly dena-
tured, with debris-like necrosis. The portal area was expanded,
a large number of inflammatory cells had infiltrated, fibrous
tissue hyperplasia was present, and bridging fibrosis in the
portal area and around the central vein was observed, along
with some fibrous septa and central vein atrophy or disap-
pearance. In the Huanggqi Decoction group, hepatocytes were
irregularly arranged, with varying degrees of inflammatory cell
infiltration, necrosis, edema, degeneration, and fibrous tissue
proliferation around the portal area and central vein, but to a
lesser extent than in the model group.

Effect of Huangqgi Decoction on liver tissue apoptosis in rats
with liver fibrosis

We further explored the effect of Huangqi Decoction on apop-
tosis in liver tissue. Rats were treated with CCL4, followed
by Huangqi Decoction treatment (3.38, 6.75, and 13.5 g/kg).
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Apoptosis in liver tissue was assessed using the TUNEL assay.
As shown in Figure2, compared with the control group,
CCL4 treatment significantly induced apoptosis, while Huangqi
Decoction intervention effectively reduced apoptosis in a
dose-dependent manner.

Effect of Huangqi Decoction on the expression of hepatic
fibrosis markers

To further evaluate the effect of Huangqi Decoction on hep-
atic fibrosis in rats, the expression of hepatic fibrosis mark-
ers (a-SMA, collagen I, MMP-2, and MMP-9) in liver tissues
was examined by western blot [13, 14]. The results showed that
CCL4 significantly increased the expression of a-SMA, colla-
gen I, MMP-2, and MMP-9 compared with the control group
(P < 0.01, Figure 3). However, Huangqi Decoction intervention
(3.38, 6.75, and 13.5 g/kg) significantly reduced the expression
of a-SMA, collagen I, MMP-2, and MMP-9 in a dose-dependent
manner (P < 0.01, Figure 3).

Effect of Huangqi Decoction on protein levels of HA, LN,
collagen |, AST, and ALT

We next detected the protein levels of HA, LN, and collagen I
in the serum of rats in the control group, model group,
and Huangqi Decoction intervention group (3.38, 6.75, and
13.5 g/kg). As shown in Figure 4A, ELISA results indicated that
CCL4 induction significantly increased serum levels of HA, LN,
and collagen I (P < 0.01). However, Huangqi Decoction inter-
vention (3.38, 6.75, and 13.5 g/kg) notably reduced these pro-
tein levels to varying degrees (P < 0.05). At present, the most
widely used biochemical indexes reflecting hepatocyte injury
are ALT and AST [15]. The levels of ALT and AST in the serum of
rats in the control group, model group, and Huangqi Decoction
intervention group (3.38, 6.75, and 13.5 g/kg) were then exam-
ined by ELISA assay. The results showed that CCL4 induction
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Figure2. Effect of HuangqiDecoction on liver tissue apoptosis in rats with liver fibrosis. Liver tissues from the five groups (Control group, Model group,
and Huanggi Decoction intervention groups at 3.38, 6.75, and 13.5 g/kg) were obtained, and the TUNEL assay was performed to observe tissue apoptosis.
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Figure 3. Effect of Huanggi Decoction on the expression of hepatic fibrosis markers. (A) The expression of hepatic fibrosis markers (a-SMA, collagen |,
MMP-2, and MMP-9) in hepatic tissues from the five groups (Control group, Model group, and Huangqi Decoction intervention groups at 3.38, 6.75, and 13.5
g/kg) was tested by RT-PCR; (B) The expression of hepatic fibrosis markers (a-SMA, collagen |, MMP-2, and MMP-9) in hepatic tissues from the five groups
(Control group, Model group, and Huanggi Decoction intervention groups at 3.38, 6.75, and 13.5 g/kg) was examined by western blot. Data are shown as
mean =+ SD. **P < 0.01 vs Control group; **P < 0.01 vs Model group. a-SMA: Alpha-smooth muscle actin; MMP-2: Matrix metalloproteinase-2; MMP-9:
Matrix metalloproteinase-9; SD: Standard deviation.

significantly elevated the levels of ALT and AST in the serum  Effect of Huangqi Decoction on autophagy and PI13K/Akt/mTOR
(Figure 4B, P < 0.01), while Huangqi Decoction intervention signaling

(3.38, 6.75, and 13.5 g/kg) notably reduced ALT and AST levels To identify the effect of Huangqi Decoction on autophagy,
to varying degrees (Figure 4B, P < 0.05). the expression of Beclin-1, LC3II/LC3I, and P62 was detected
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Effect of Huanggqi Decoction on the protein level of HA, LN, collagen I, AST, and ALT. (A-B) The protein levels of HA, LN, collagen I, AST, and

ALT in the blood serum of rats in the Control group, Model group, and Huanggi Decoction intervention groups (3.38, 6.75, and 13.5 g/kg) were detected
by ELISA. Data are shown as mean % SD. **P < 0.01 vs Control group; #*#*P < 0.01 vs Model group. HA: Hyaluronic acid; LN: Lymph node; AST: Aspartate

aminotransferase; ALT: Alanine aminotransferase; SD: Standard deviation.

by western blot. As shown in Figure 5A, CCL4 treatment
had no obvious effect on Beclin-1 and LC3II/LC3I expression
compared with the control group. However, compared with the
model group, Huangqi Decoction intervention (3.38, 6.75, and
13.5 g/kg) promoted the expression of Beclin-1 and LC3II/LC3I
(P < 0.05). Moreover, CCL4 treatment increased the protein
expression of P62 (P < 0.01), while Huangqi Decoction inter-
vention (3.38, 6.75, and 13.5 g/kg) significantly inhibited P62
expression (P < 0.01).

The effect of Huangqi Decoction on PI3K/Akt/mTOR sig-
naling was also explored, and the protein expression of
p-PI3K/PI3K, p-Akt/Akt, and p-mTOR/mTOR was detected by
western blot. As shown in Figure 5B, compared with the con-
trol group, the expression of p-PI3K/PI3K, p-Akt/Akt, and
p-mTOR/mTOR in the model group was significantly increased
(P < 0.01). After Huangqi Decoction intervention (3.38, 6.75,
and 13.5 g/kg), the expression of p-PI3K/PI3K, p-Akt/Akt, and
p-mTOR/mTOR was reduced to varying degrees (P < 0.05).

Discussion

Huangqi Decoction, a traditional Chinese herbal formula,
has been widely used for centuries to treat various ail-
ments, including immune disorders, cardiovascular diseases,
and liver conditions. Recent studies have provided scien-
tific evidence supporting its efficacy in modulating immune
responses and protecting against oxidative stress and inflam-
mation. Previous studies have reported that Huangqi Decoction
exhibits various pharmacological actions. Li et al. [16] reported
that Huangqi Decoction displayed renoprotective ability by
protecting podocytes against apoptosis, regulated through
the downregulation of the Nox4/p53/Bax signaling pathway.
Wu et al. [17] investigated the effect of Huangqi Decoction on
the treatment of alpha-naphthylisothiocyanate (ANIT)-induced
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intrahepatic cholestasis in mice. They found that Huangqi
Decoction protected against intrahepatic cholestasis by revers-
ing the disordered homeostasis of bile acids (BAs) and glu-
tathione. Zou et al. [18] reported that Huangqi Decoction
treatment alleviated gut microbiota dysbiosis, ameliorated
intestinal barrier dysfunction, inhibited liver inflammation,
and protected against DDC-induced cholestatic liver injury. In
this study, we explored the effect of Huangqi Decoction on
autophagy and apoptosis in liver tissue of CCL4-induced hepatic
fibrosis rats. CCL4 is a well-established hepatotoxin that, when
administered to experimental animals, induces liver injury and
subsequently leads to the development of fibrosis [19]. This
model is widely employed in preclinical research to study the
mechanisms of liver fibrosis, evaluate the efficacy of potential
therapeutic agents, and understand disease progression [20].

In the CCL4 model, repeated exposure to CCL4 causes oxida-
tive stress and lipid peroxidation in the liver, leading to hepa-
tocyte damage and necrosis. This damage triggers a cascade of
inflammatory and reparative responses, including the activa-
tion of HSCs, which are the primary source of ECM components
such as collagen. As HSCs become activated and proliferate,
they produce excessive amounts of ECM, resulting in the accu-
mulation of fibrotic tissue and the formation of scar tissue in the
liver. The CCL4 model provides a valuable tool for researchers to
investigate the underlying mechanisms of liver fibrosis and to
test novel therapeutic strategies aimed at reversing or halting
the progression of this disease. However, it is important to
note that the CCL4 model has its limitations and may not fully
recapitulate the complexity of human liver fibrosis.

We found that Huangqi Decoction reduced liver injury
induced by CCL4 in rats. CCL4 treatment increased the expres-
sion of a-SMA, collagen I, MMP-2, and MMP-9, while Huangqi
Decoction reduced the expression of these markers. Huanggqi
Decoction also regulated the levels of HA, LN, and collagenI. The
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Effect of Huangqi Decoction on autophagy and PI3K/Akt/mTOR signaling. (A) The expression of Beclin-1, LC311/LC3I, and P62 in the blood

serum of rats in the Control group, Model group, and Huangqi Decoction intervention groups (3.38, 6.75, and 13.5 g/kg) was detected by western blot;
(B) The protein expression of p-PI3K/PI3K, p-Akt/Akt, and p-mTOR/mTOR was detected by western blot. Data are shown as mean + SD. **P < 0.01 vs

Control group; *#P < 0.01 vs Model group. SD: Standard deviation.

most widely used biochemical indexes reflecting hepatocyte
injury are ALT and AST [15]. Our results showed that Huangqi
Decoction inhibited the levels of AST and ALT in the blood
serum of hepatic fibrosis rats.

The PI3K/Akt/mTOR signaling pathway is a classical signal-
ing pathway that exists in all cell types and plays an impor-
tant role in the processes of cell growth, proliferation, and
apoptosis [21, 22]. The PI3K/Akt signaling pathway is critical for
the activation and proliferation of HSCs, and the pathogenesis
of liver fibrosis is based on the activation of HSCs, leading to
the deposition of ECM. The PI3K/Akt/mTOR signaling path-
way participates in the process of liver fibrosis by regulating
the proliferation and apoptosis of HSCs and the synthesis and
degradation of ECM [23]. Studies have shown that blocking the
PI3K/Akt/mTOR signaling pathway can reduce the adhesion
and migration abilities of HSCs, inhibit their proliferation, and
reduce the synthesis of ECM collagen, thereby affecting the
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development of liver fibrosis [24, 25]. Therefore, inhibiting the
activation and proliferation of HSCs and inducing apoptosis
of activated HSCs by targeting the PI3K/Akt/mTOR signaling
pathway has become one of the main strategies for treating liver
fibrosis. The PI3K/Akt/mTOR pathway regulates cell prolifer-
ation, growth, apoptosis, and metabolism by phosphorylating
several substrates. PI3K activates Akt, which is phosphorylated
to regulate a variety of downstream targets [26]. Our results
showed that CCL4 significantly increased the phosphoryla-
tion levels of PI3K and Akt in rats, suggesting that the
PI3K/Akt/mTOR signaling pathway was activated. However,
Huangqi Decoction significantly decreased the phosphoryla-
tion levels of PI3K, Akt, and mTOR in rat liver, indicating that
Huangqi Decoction plays an anti-hepatic fibrosis role at least in
part by inhibiting the PI3K/Akt/mTOR signaling pathway.

Our study demonstrates that Huangqi Decoction exerts
its anti-fibrotic effects through the modulation of the
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PI3K/Akt/mTOR signaling pathway. This finding is significant
because it provides a mechanistic basis for the therapeutic
potential of Huangqi Decoction in treating hepatic fibrosis. By
elucidating the molecular mechanisms involved, our research
contributes to the understanding of how natural compounds
can be used to target specific pathways implicated in liver
diseases. The identification of the PI3K/Akt/mTOR pathway
as a key target for the anti-fibrotic effects of Huangqi Decoction
represents a novel contribution to the literature. This advances
the field by suggesting new therapeutic strategies that can be
explored for the management of hepatic fibrosis. Our findings
provide a rationale for further investigation into the use of
herbal medicines in treating liver diseases, bridging traditional
and modern medical approaches. Clinically, our results suggest
that targeting the PI3K/Akt/mTOR pathway with natural
products like Huangqi Decoction may offer a safe and effective
alternative or complementary therapy for patients suffering
from hepatic fibrosis. Understanding the mechanism by which
Huanggqi Decoction reduces fibrosis and apoptosis can inform
the development of more targeted and personalized treatment
regimens. Future studies could focus on the detailed molecular
interactions between the components of Huangqi Decoction
and the PI3K/Akt/mTOR pathway to optimize its therapeutic
effects. Additional clinical trials are warranted to validate the
efficacy and safety of Huangqi Decoction in human subjects,
paving the way for its potential integration into clinical
practice. While conventional pharmacological agents, such as
corticosteroids and immunosuppressants, have shown efficacy
in managing symptoms of hepatic fibrosis, they often come
with side effects and do not specifically target the underlying
pathogenic mechanisms. In contrast, Huangqi Decoction, by
modulating the PI3K/Akt/mTOR pathway, offers a targeted
approach that addresses fibrogenesis directly. Some antifibrotic
drugs currently under investigation, such as pirfenidone and
nintedanib [27], have shown promise but are primarily used for
pulmonary fibrosis and require further validation for hepatic
applications. Huangqi Decoction, with its natural composition
and fewer side effects, presents a safer and potentially more
versatile option. Unlike synthetic drugs, Huangqi Decoction
is derived from natural herbs and has a long history of
use in traditional medicine, suggesting a favorable safety
profile.

Conclusion

In conclusion, our study indicates that Huangqi Decoction
exerts a hepatoprotective effect against CCL4-induced injury,
promotes autophagy, and suppresses apoptosis through the
PI3K/Akt/mTOR signaling pathway in hepatic fibrosis rats.

Conflicts of interest: Authors declare no conflicts of interest.

Funding: This research was supported by grants from
the National Natural Science Foundation of China
(81774098), and Training Project for the Fifth Batch of
National Excellent Clinical Talents in Traditional Chinese
Medicine(Guozhongyiyaorenjiaohan[2022]No.1).

Mai et al.
Huanggqi Decoction alleviates liver fibrosis

1375

Biomolecules
& Biomedicine

Data availability: The data used to support the findings of
this study are available from the corresponding author upon
request.

Submitted: 31 July 2024
Accepted: 25 September 2024
Published online: 25 September 2024

References

[1] LuJL, Yu CX, Song LJ. Programmed cell death in hepatic fibrosis:
current and perspectives. Cell Death Discov 2023;9(1):449. https://doi.
org/10.1038/541420-023-01749-8.

[2] Jiao J, Friedman SL, Aloman C. Hepatic fibrosis. Curr Opin
Gastroenterol ~ 2009;25(3):223-9.  https://doi.org/10.1097/MOG.
0b013e3283279668.

[3] Sun M, Tan L, Hu M. The role of autophagy in hepatic fibrosis. Am
J Transl Res [Internet] 2021;13(6):5747-57. Available from: https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC8290830/.

[4] SongY, Zhao Y, Wang F, Tao L, Xiao J, Yang C. Autophagy in hepatic
fibrosis. Biomed Res Int 2014:436242. https://doi.org/10.1155/2014/
436242.

[5] HuZ, ChenG, YanC,LiZ WuT,LiL, etal. Autophagy affects hepatic
fibrosis progression by regulating macrophage polarization and exo-
some secretion. Environ Toxicol 2023;38(7):1665-77. https://doi.org/
10.1002/t0x.23795.

[6] OhJH, Saeed WK, Kim HY, Lee SM, Lee AH, Park GR, et al. Hepatic stel-
late cells activate and avoid death under necroptosis stimuli: hepatic
fibrosis during necroptosis. ] Gastroenterol Hepatol 2023;38(12):2206-
14. https://doi.org/10.1111/jgh.16368.

[7] Hou L-S, Zhang Y-W, Li H, Wang W, Huan M-L, Zhou S-Y, etal.
The regulatory role and mechanism of autophagy in energy
metabolism-related hepatic fibrosis. Pharmacol Ther 2022;234:108117.
https://doi.org/10.1016/j.pharmthera.2022.108117.

[8] Abdalla N, Abo-ElMatty DM, Saleh S, Ghattas MH, Omar NN.
Empagliflozin suppresses hedgehog pathway, alleviates ER stress, and
ameliorates hepatic fibrosis in rats. Sci Rep 2023;13(1):19046. https://
doi.org/10.1038/541598-023-46288-5.

[9] Jie Z, Li W, Ai-Li C, Yun-Man W, Yang-Feng C, Yi W. Huanggqi decoc-
tion attenuates renal interstitial fibrosis transforming growth factor-
betal/mitogen-activated protein kinase signaling pathways in 5/6
nephrectomy mice. J Tradit Chin Med 2022;42(5):723-31. https://doi.
org/10.19852/j.cnki.jtem.2022.05.006.

[10] Chen Y, Rui R, Wang L, Wang H, Zhu B, Cao A. Huanggqi decoction
ameliorates kidney injury in db/db mice by regulating the BMP/S-
mad signaling pathway. BMC Complement Med Ther 2023;23(1):209.
https://doi.org/10.1186/s12906-023-04029-1.

[11] Li WK, Guo-Feng W, Tian-Ming W, Yuan-Yuan L, Yi-Fei L,
Xin-Yi L, etal. Protective effect of herbal medicine Huangqi
decoction against chronic cholestatic liver injury by inhibiting bile
acid-stimulated inflammation in DDC-induced mice. Phytomedicine
2019;62:152948. https://doi.org/10.1016/j.phymed.2019.152948.

[12] Song Y-N, Zhang G-B, Lu Y-Y, Chen Q-L, Yang L, Wang Z-T, etal.
Huangqi  decoction  alleviates  dimethylnitrosamine-induced
liver fibrosis: an analysis of bile acids metabolic mechanism.
] Ethnopharmacol 2016;189:148-56. https://doi.org/10.1016/j.jep.
2016.05.040.

[13] WangV,LiY,ZhangH, ZhuL, ZhongJ, Zeng]J, et al. Pharmacokinetics-
based comprehensive strategy to identify multiple effective
components in Huangqi decoction against liver fibrosis.
Phytomedicine  2021;4:153513.  https://doi.org/10.1016/j.phymed.
2021.153513.

[14] Yongping M, Zhang X, Li X, Fan W, Chen ], Zhang H, Chen G, etal.
Astragaloside prevents BDL-induced liver fibrosis through inhibi-
tion of notch signaling activation. ] Ethnopharmacol 2015;169:200-9.
https://doi.org/10.1016/j.jep.2015.04.015.

[15] Aljobaily N, Viereckl MJ, Hydock DS, Aljobaily H, Wu T-Y, Busekrus R,
Jones B, etal. Creatine alleviates doxorubicin-induced liver dam-
age by inhibiting liver fibrosis, inflammation, oxidative stress, and
cellular senescence. Nutrients 2020;13(1):41. https://doi.org/10.3390/
nul3010041.

www.biomolbiomed.com


https://www.biomolbiomed.com
https://doi.org/10.1038/s41420-023-01749-8
https://doi.org/10.1038/s41420-023-01749-8
https://doi.org/10.1097/MOG.0b013e3283279668
https://doi.org/10.1097/MOG.0b013e3283279668
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8290830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8290830/
https://doi.org/10.1155/2014/436242
https://doi.org/10.1155/2014/436242
https://doi.org/10.1002/tox.23795
https://doi.org/10.1002/tox.23795
https://doi.org/10.1111/jgh.16368
https://doi.org/10.1016/j.pharmthera.2022.108117
https://doi.org/10.1038/s41598-023-46288-5
https://doi.org/10.1038/s41598-023-46288-5
https://doi.org/10.19852/j.cnki.jtcm.2022.05.006
https://doi.org/10.19852/j.cnki.jtcm.2022.05.006
https://doi.org/10.1186/s12906-023-04029-1
https://doi.org/10.1016/j.phymed.2019.152948
https://doi.org/10.1016/j.jep.2016.05.040
https://doi.org/10.1016/j.jep.2016.05.040
https://doi.org/10.1016/j.phymed.2021.153513
https://doi.org/10.1016/j.phymed.2021.153513
https://doi.org/10.1016/j.jep.2015.04.015
https://doi.org/10.3390/nu13010041
https://doi.org/10.3390/nu13010041
https://www.biomolbiomed.com

Biomolecules
& Biomedicine

[16] Li Z, Deng W, Cao A, Zang Y, Wang Y, Wang H, Wang L, etal. [22] Ersahin T, Tuncbag N, Cetin-Atalay R. The PI3K/AKT/mTOR interac-
Huangqi decoction inhibits hyperglycemia-induced podocyte apopto- tive pathway. Mol Biosyst 2015;11(7):1946-54. https://doi.org/10.1039/
sis by down-regulated Nox4/p53/Bax signaling in vitro and in vivo. C5MB00101C.

Am] Transl Res [Internet] 2019;11(5):3195-212. Available from: https://  [23] Panneerpandian P, Ganesan K. PI3K/AKT/mTOR inhibitors as poten-
pubmed.nchi.nlm.nih.gov/31217889/. tial extracellular matrix modulators for targeting EMT subtype gastric

[17] Wu J-S, Li Y-J, Li Y-Y, Dai Y, Li W-K, Zheng M, etal. Huangqi tumors. Med Oncol 2023;40(4):120. https://doi.org/10.1007/s12032-
decoction alleviates alpha-naphthylisothiocyanate induced intrahep- 023-01984-0.
atic cholestasis by reversing disordered bile acid and glutathione [24] Cheng S, Zou Y, Zhang M, Bai S, Tao K, Wu J, etal. Single-cell
homeostasis in mice. Front Pharmacol 2017;8:938. https://doi.org/10. RNA sequencing reveals the heterogeneity and intercellular
3389/fphar.2017.00938. communication of hepatic stellate cells and macrophages during liver

[18] Zou ], Li W, Wang G, Fang S, Cai ], Wang T, etal. Hepatoprotective fibrosis. MedComm 2023;4(5):e378. https://doi.org/10.1002/mco2.
effects of Huangqi decoction (Astragali Radix and Glycyrrhizae 378.

Radix et Rhizoma) on cholestatic liver injury in mice: involvement  [25] Xiu AY, Ding Q, Li Z, Zhang CQ. Doxazosin attenuates liver fibro-
of alleviating intestinal microbiota dysbiosis. ] Ethnopharmacol sis by inhibiting autophagy in hepatic stellate cells via activation
2021;267:113544. https://doi.org/10.1016/j.jep.2020.113544. of the PI3BK/Akt/mTOR signaling pathway. Drug Des Devel Ther

[19] Nanni G, Majorani F, Maloberti G, Canepa C, Casu A. Action of chronic 2021;15:3643-59. https://doi.org/10.2147/DDDT.S317701.

CCl4 on the retinol and dolichol content of rat liver parenchymal [26] Ji D, Zhao Q, Qin Y, Tong H, Wang Q, Yu M, etal. Germacrone
and non-parenchymal cells. Life Sci 2000;67(19):2293-304. https:// improves liver fibrosis by regulating the PI3K/AKT/mTOR signalling
doi.org/10.1016/S0024-3205(00)00819-5. pathway. Cell Biol Int 2021;45(9):1866-75. https://doi.org/10.1002/

[20] Chupradit S, Bokov D, Zamanian MY, Heidari M, Hakimizadeh E. cbin.11607.

Hepatoprotective and therapeutic effects of resveratrol: a focus on  [27] Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y,
anti-inflammatory and antioxidative activities. Fundam Clin Pharma- Johkoh T, etal. Idiopathic pulmonary fibrosis (an update)
col 2022;36(3):468-85. https://doi.org/10.1111/fcp.12746. and progressive pulmonary fibrosis in adults: an official

[21] Xu Z, Han X, Ou D, Liu T, Li Z, Jiang G, etal. Targeting ATS/ERS/JRS/ALAT clinical practice guideline. Am ] Respir Crit
PI3K/AKT/mTOR-mediated autophagy for tumor therapy. Appl Care Med 2022;205(9):e18-47. https://doi.org/10.1164/rccm.202202-
Microbiol Biotechnol 2020;104(2):575-87. https://doi.org/10.1007/ 0399ST.
$00253-019-10257-8.

Related articles

1. Dihydromyricetin promotes autophagy and attenuates renal interstitial fibrosis by regulating miR-155-5p/PTEN signaling in diabetic
nephropathy

Liming Guo et al., BJBMS, 2019

2. Hypomethylation of the ENPP3 promoter region contributes to the occurrence and development of ovarian endometriosis via the
AKT/mTOR/4EBP1 signaling pathway

Yuzhen Qin et al., Biomol Biomed, 2023

3. Leukotriene B4 receptor knockdown affects PI3K/AKT/mTOR signaling and apoptotic responses in colorectal cancer

Cui Tang et al., Biomol Biomed, 2023

signaling pathway

Hang Jiang et al., Biomol Biomed, 2024

Mai et al.

Huanggqi Decoction alleviates liver fibrosis

1376

. SPDEF drives pancreatic adenocarcinoma progression via transcriptional upregulation of S100A16 and activation of the PI3K/AKT

www.biomolbiomed.com


https://www.biomolbiomed.com
https://pubmed.ncbi.nlm.nih.gov/31217889/
https://pubmed.ncbi.nlm.nih.gov/31217889/
https://doi.org/10.3389/fphar.2017.00938
https://doi.org/10.3389/fphar.2017.00938
https://doi.org/10.1016/j.jep.2020.113544
https://doi.org/10.1016/S0024-3205(00)00819-5
https://doi.org/10.1016/S0024-3205(00)00819-5
https://doi.org/10.1111/fcp.12746
https://doi.org/10.1007/s00253-019-10257-8
https://doi.org/10.1007/s00253-019-10257-8
https://doi.org/10.1039/C5MB00101C
https://doi.org/10.1039/C5MB00101C
https://doi.org/10.1007/s12032-023-01984-0
https://doi.org/10.1007/s12032-023-01984-0
https://doi.org/10.1002/mco2.378
https://doi.org/10.1002/mco2.378
https://doi.org/10.2147/DDDT.S317701
https://doi.org/10.1002/cbin.11607
https://doi.org/10.1002/cbin.11607
https://doi.org/10.1164/rccm.202202-0399ST
https://doi.org/10.1164/rccm.202202-0399ST
https://www.bjbms.org/ojs/index.php/bjbms/article/view/4410
https://www.bjbms.org/ojs/index.php/bjbms/article/view/9989
https://www.bjbms.org/ojs/index.php/bjbms/article/view/10119
https://www.bjbms.org/ojs/index.php/bjbms/article/view/10346
https://www.biomolbiomed.com

	Huangqi Decoction reduces liver fibrosis in rats by modulating PI3K/Akt/mTOR signaling and promoting autophagy
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Related articles


