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Abstract

[ Objectives ] To investigate the anti-hepatic fibrosis mechanism of lavandulyl flavonoid Kurarinol A (KA) from Sophora flavescens

through the TGF/Smad signaling pathway. [ Methods] A hepatic fibrosis model was established by TGF-B1-induced activation of human he-
patic stellate cells LX-2. Western blot and RT-qPCR techniques were employed to study the anti-fibrotic mechanism of KA through the

TGF/Smad signaling pathway. [ Results] KA exerted anti-hepatic fibrosis effects by significantly reducing the gene expression levels of
TGF-B1, Smad2, Smad3, and Smad4, as well as markedly decreasing the protein expression levels of TGF-B1, p-Smad2/3/Smad2/3, and
Smad4. [ Conclusions] KA demonstrates significant anti-hepatic fibrosis activity and alleviates liver fibrosis through the TGF/Smad signaling

pathway.
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1 Introduction
Sophora flavescens is a medicinal plant in the Leguminosae fami-
1yUJ

widely used in combination with other medicinal plants to treat fe-

. In traditional Chinese medicine, Sophora flavescens has been

ver, dysentery, hematochezia, jaundice, oliguria, eczema, in-
flammatory diseases, and conditions related to skin burns’. Tt
enhances liver function, reduces hepatotoxicity, exhibits anti-
tumor effects, and protects the liver from hepatitis B infection and
hepatic fibrosis. Alkaloids and flavonoids are the characteristic

components found in Sophora flavescens'

Among these compo-
nents, lavandulyl flavonoids have demonstrated promising antioxi-
dant and anti-proliferative activity'®’. Moreover, our research
group previously discovered the significant anti-inflammatory activ-
ity of lavandulyl flavonoids"’.

Hepatic fibrosis (HF) is a critical pathological condition oc-
curring in many chronic liver diseases, caused by persistent liver
injury and fibrotic scar formation. HF is characterized by exces-
sive deposition of extracellular matrix (ECM) composed of cross-
linked collagens (types I and IIT), fibronectin, elastin fibers,
glycoproteins, and mucopolysaccharides, which disrupts liver

structure and function™® .

Without intervention, hepatic fibrosis
can progress to cirrhosis, liver failure, or hepatocellular carcino-

ma, imposing a substantial global health burden. Therefore, effec-
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tive therapies for hepatic fibrosis are urgently needed””’. Current
studies have confirmed that total flavonoids from Sophora flavescens
can inhibit collagen deposition and hepatic fibrosis in rats through
antioxidative stress mechanisms.

Hepatic stellate cells (HSCs) are the primary cellular source
of extracellular matrix production during liver injury. The activa-
tion and transformation of HSCs into myofibroblast-like cells con-
stitute a central process in the initiation and progression of hepatic
fibrosis. Under normal circumstances, activated HSCs either un-
dergo apoptosis or are inactivated through unknown regulatory
mechanisms, thereby controlling fibrosis. When this balance is
disrupted, persistently activated HSCs drive uncontrolled fibrogen-
esis, leading to progressive fibrosis, structural and functional al-
terations, and ultimately cirrhosis and liver cancer'’.

Multiple signaling pathways are involved in the development
of hepatic fibrosis, primarily including TGF-B/Smad, TLRs/NF-
kB, PI3K/Akt, glycolysis, and lipid metabolism pathways®~"'.
The Toll-like receptor signaling pathway is most closely associated

The Toll-like receptors ( TLRs), as key

components of the innate immune system, serve as primary regula-

with inflammation'""

tors of hepatic inflammatory responses and play crucial roles in the
pathogenesis and progression of liver fibrosis. The TLR family
contains multiple subtypes (TLR2-TLR9) , with several TLRs par-
ticipating in the formation and progression of hepatic fibrosis.
TLR4, as a major TLR-related protein, activates hepatic inflam-
matory responses upon stimulation, particularly by inducing nucle-
ar factor-kB (NF-kB) in the pathway to amplify liver inflamma-
tion, regulate HSC proliferation, and promote excessive ECM se-
cretion, ultimately leading to hepatic fibrosis. Studies have shown
that individual knockout of TLR2, TLR4, TLRS, or TLR9 genes
cannot completely suppress carbon tetrachloride-induced hepatic
37181 This suggests that TLR2, TLR4, TLR5,
and TLRY in the TLRs/NF-kB inflammatory signaling pathway

fibrosis in mice
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may not be direct therapeutic targets for anti-fibrotic interventions.

Therefore, this study employed transforming growth factor-g1
(TGF-B1)-induced human hepatic stellate cells LX-2 to establish
an in vitro hepatic fibrosis model. RT-qPCR and Western blot
techniques were utilized to investigate the effects of Kurarinol A
(KA), a lavandulyl flavonoid isolated from the ethyl acetate in-
hibitory fraction of Sophora flavescens, on the expression of TGF/

Smad signaling pathway-related molecules in activated 1L.X-2 cells.

2 Materials and methods

2.1 Instruments Ulirahigh-speed refrigerated centrifuge (Op-
tima XPN-100, Beckman Coulter, USA); Nucleic acid/protein
analyzer ( NanoDrop 2000, Thermo Fisher, USA); Real-time
PCR system ( CFX96 Touch, Bio-Rad, USA); Electrophoresis
apparatus ( PowerPac Basic, Bio-Rad, USA); Chemilumines-
cence imaging system ( Azure ¢600, Azure Biosystems, USA);
Cell incubator (Forma Steri-Cycle, Thermo Fisher, USA).

2.2 Reagents and materials

2.2.1 Reagents. TRIzol reagent (Invitrogen, Thermo Fisher,
USA) ; Reverse transcription kit ( Promega, USA) ; SYBR Green
PCR Master Mix ( Applied Biosystems, Thermo Fisher, USA);
Rabbit anti-human TGF-B1 monoclonal antibody, rabbit anti-hu-
man Smad2/3 monoclonal antibody, rabbit anti-human Smad4
monoclonal antibody ( Wuhan SanYing Biotechnology, China) ;
Mouse anti-human GAPDH monoclonal antibody, mouse anti-hu-
man B-actin monoclonal antibody, DMSO, lipopolysaccharide
(LPS) (Sigma-Aldrich, USA) ; HRP-conjugated goat anti-rabbit
IgG antibody, HRP-conjugated goat anti-mouse IgG antibody
(Jackson TmmunoResearch, USA); Cell culture medium, fetal
bovine serum, penicillin-streptomycin solution ( Gibco, Thermo
Fisher, USA).

2.2.2 Experimental cells. Human hepatic stellate cells LX-2
were purchased from Procell Life Science & Technology Co. , Lid,
and cultured in DMEM medium containing 10% fetal bovine ser-
um and 1% penicillin-streptomycin solution, maintained at 37 C

in a 5% CO, incubator.

Table 1 Primer sequences for RT-qPCR analysis

2.3 Preparation of drugs and reagents

2.3.1 Preparation of experimental drug. An appropriate amount
of Kurarinol A (KA) was dissolved in DMSO to prepare a 10 mM
stock solution stored at —20 °C. The stock solution was diluted
with serum-free medium to desired concentrations before use.
2.3.2 Preparation of 1 x PBS buffer. 8 g of NaCl, 0.2 g of KCI,
1.44 g of Na,HPO, and 0.24 g of KH,PO, were dissolved in 800
mlL of distilled water. The pH was adjusted to 7.4 using HCI, fol-
lowed by dilution to 1 L with distilled water. The solution was au-
toclaved and stored at 4 °C.

2.4 Cell culture LX-2 cells were thawed and seeded in culture
flasks. When reaching 80% —-90% confluence, cells were diges-
ted with 0. 25% trypsin for subculture. Experimental groups in-
cluded: normal control group, model group (TGF-B1-induced ac-
tivation) , positive drug group (silibinin, 60 wM), and KA treat-
ment group (2.5, 5, 10 uM).

2.5 Total RNA extraction from LX-2 cells LX-2 cells in
logarithmic growth phase were collected and gently washed twice
with pre-cooled PBS. 1 mL of TRIzol reagent was added to each
well to ensure complete cell lysis, followed by 5-min incubation at
room temperature. After adding 0.2 mL of chloroform, the mixture
was vigorously shaken for 15 s and allowed to stand for 2 —3 min.
The mixture was centrifuged at 12 000 rpm for 15 min at 4 °C. The
upper aqueous phase was carefully transferred to a new tube. 0.5
mL of isopropyl alcohol was added, mixed gently, and incubated
for 10 min at room temperature. After centrifugation at 12 000 rpm
for 10 min at 4 °C, the supernatant was discarded. RNA pellets
were washed twice with 75% ethanol. Air-dried RNA pellets were
dissolved in DEPC-treated water, and RNA concentration/ purity
was determined using NanoDrop 2000.

2.6 RT-qPCR
c¢DNA  using the
manufacturer’s instructions. Real-time PCR amplification was per-
formed using SYBR Green PCR Master Mix with ¢DNA as tem-

plate. Primer sequences were as Table 1.

1 g of total RNA was reverse-transcribed into

reverse transcription kit according to

Gene Forward Reverse

GAPDH GGAGTCCACTGGCGTCTTCAC GCTGATGATCTTGAGGCTGTTGTC
TGF-B1 AGCAACAATTCCTGGCGATACCTC TCAACCACTGCCGCACAACTC
Smad2 CCTGCTCCTGACCACAACTCTG TCATCCCTTCCCACCCACTCC
Smad3 AGGCTGCTTGTAGGACTGTTCAC CGCTGTGTTGAGGTTTGGTTCTG
SmadA AGGATCAGTAGGTGGAATAG TCTAAAGGTTGTGGGTCTGC

TLR4 GCTCTTGGTGGAAGTTGAACGAATG CAAGCACACTGAGGACCGACAC
MyD88 GCCGCCTGTCTCTGTTCTTG GTCCGCTTGTGTCTCCAGTTG
TRAF6 TGTGCCTCTGCTCTTACTGTCTG GAACTATGGTCACTGCTGCTTGG
TIRAP GGCAAGATGGCTGACTGGTTC GGTAGTGGGCTGTCCTGTGAG
TAK1 AGACAATGGAATTAGGGCAGGTTTG GACGGAAGGCAGGCAACAATC
NF-kB ATGGTGGTCGGCTTCGCAAAC CGCCTCTGTCATTCGTGCTTCC
TNF-a AAGGACACCATGAGCACTGAAAGC AGGAAGGAGAAGAGGCTGAGGAAC

IL-1B GGACAGGATATGGAGCAACAAGTGG

CAACACGCAGGACAGGTACAGATTC
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Reaction conditions: 95 °C pre-denaturation for 3 min; 40
cycles of 95 °C denaturation for 15 s, 60 °C annealing for 30 s,
and 72 °C extension for 30 s. GAPDH was used as internal refer-
ence, and relative gene expression was calculated using the 2 7%
method.

2.7 Western blot
pre-cooled PBS. Appropriate amount of protein lysis buffer was

Cells were collected and washed twice with

added, and cells were lysed on ice for 30 min. After centrifugation
at 12 000 rpm for 15 min at 4 °C, supernatants were collected.
Protein concentration was determined using BCA method. Equal
amounts of protein samples were mixed with 5 x SDS loading buffer
and denatured by boiling for 5 min.

After denaturation, SDS-PAGE electrophoresis was per-
formed. Proteins were transferred to PVDF membranes, which
were blocked with 5% skim milk for 2 h. Membranes were incu-
bated overnight at 4 °C with rabbit anti-human TGF-B1 mono-
clonal antibody (1 : 1 000), rabbit anti-human Smad2/3 mono-
clonal antibody (1 : 1 000), rabbit anti-human Smad4 mono-
clonal antibody (1 : 1 000), and mouse anti-human GAPDH
monoclonal antibody (1 :5 000).

The next day, membranes were washed three times with
TBST (10 min each). HRP-conjugated goat anti-rabbit IgG anti-
body (1 :5000) and HRP-conjugated goat anti-mouse IgG anti-
body (1 :5000) were added for 1-hour incubation at room tem-
perature. After three additional TBST washes, bands were visual-
ized using chemiluminescence imaging system. Band intensities
were analyzed using Image] software, with B-actin as internal ref-
erence for calculating relative protein expression.

2.8 Statistical analysis  Statistical analysis was performed
using GraphPad Prism 8 software. Measurement data were ex-
pressed as mean * standard deviation. One-way analysis of vari-
ance (ANOVA) was used for multi-group comparisons, followed
by Tukey’s test for pairwise comparisons. A P-value <0. 05 was

considered statistically significant.

3 Results and analysis

3.1 RT-qPCR analysis of mRNA expression levels of TGF-
Bl, Smad2, Smad3, and Smad4 As shown in Fig. 1, RT-
gPCR results indicated that mRNA expression levels of TGF-B1,
Smad2, Smad3, and Smad4 were significantly elevated in the
model group compared to the normal group, confirming successful
establishment of the hepatic fibrosis model. Compared to the mod-
el group, KA treatment group (2.5, 5, 10 uM) exhibited signifi-
cant reductions in mRNA expression levels of TGF-B1, Smad2,
Smad3, and Smad4 (P <0.05), with a clear dose-dependent
trend. These findings preliminarily demonstrate that KA exerts an-
ti-fibrotic effects at the genetic level by downregulating mRNA ex-
pression of TGF-B1, Smad2, Smad3, and Smad4 via the TGF/
Smad signaling pathway.

Fig.1 mRNA expression levels of TGF-g1, Smad2, Smad3, and
Smad4 detected by RT-qPCR

3.2 Western blot analysis of protein expression levels of
TGF-p1, Smad2, Smad3, and Smad4 Western blot results
(Fig.2) revealed significantly increased protein expression levels
of TGF-B1, p-Smad2/3/Smad2/3, and Smad4 in the model group
compared to the normal group, further validating the successful in-
duction of hepatic fibrosis. Compared to the model group, KA
treatment group (2.5, 5, 10 uM) showed marked reductions in
protein expression of TGF-B1, p-Smad2/3/Smad2/3, and Smad4
(P <0.05) in a dose-dependent manner. These results further in-
dicate that KA attenuates hepatic fibrosis at the protein level by
suppressing TGF-B1, p-Smad2/3/Smad2/3, and Smad4 expres-
sion via the TGF/Smad signaling pathway.

Fig.2 Protein expression levels of TGF-g1, p-Smad2/3/Smad2/3,
and Smad4 detected by Western blot
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4 Conclusion

This study employed a TGF-B1-induced LX-2 cell activation model
to investigate the anti-fibrotic mechanism of KA via the TGF/Smad
signaling pathway using RT-qPCR and Western blot. The results
demonstrate that KA alleviates hepatic fibrosis by significantly
suppressing both gene expression levels ( TGF-B1, Smad2,
Smad3, Smad4 ) and protein expression levels ( TGF-BI,
p-Smad2/3/Smad2/3, Smad4 ), highlighting its therapeutic po-
tential through modulation of the TGF/Smad pathway.
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