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Abstract: The present study evaluated the effects of Sophora flavescens Ait. root extract on the
proliferation of human hepatoma cell line HepG2. HPLC-UV analysis showed that the highest
matrine and oxymatrine contents were obtained in the chloroform extract, compared to ethanol
extract and ethyl acetate extract. The morphological analysis revealed that the chloroform extract of
Sophora flavescens Ait. (SFA-CHCl3 extract) induced alterations of HepG2 cell morphology, resulting in
the shrinkage of cells, the formation of debris, and cell detachment. The proliferation of HepG2 cells
was inhibited by SFA-CHCl3 extract treatment. Cell cycle analysis exhibited that the cell proportion
of the G0/G1 phase of HepG2 cells with SFA-CHCl3 extract treatment was decreased, while the
cell proportion of the G2/M phase was increased. Flow cytometry analysis indicated a dramatic
increase in the apoptotic percentage of HepG2 cells over the time of SFA-CHCl3 extract treatment.
The SFA-CHCl3 extract also caused morphological changes in HepG2 nuclear, including chromatin
condensation and DNA fragmentation. SFA-CHCl3 extract treatment induced the bax up-regulation
and the bcl-2 down-regulation in HepG2 cells. These results revealed that SFA-CHCl3 extract could
be a potential apoptosis inducer in HepG2 cells.

Keywords: apoptosis; HepG2 cells; proliferation; Sophora flavescens Ait

1. Introduction

Liver cancer has remained a world health challenge. The most common kind of liver
cancer is hepatocellular carcinoma (HCC), accounting for 90% of all occurrences [1]. HCC
can be treated effectively using a number of therapies such as resection, liver transplanta-
tion, chemoembolization, and systemic medicines. Additionally, the use of herbal medicine
in the treatment of liver cancer has also been documented. The Chinese and English
medical literature have reported that herbal medicine could be useful in the treatment
of HCC [2]. In addition, network pharmacology investigates the components, targets,
and synergistic connections between drugs, targets, and diseases. These findings are ap-
plied to explain pharmacological activity [3]. Network pharmacology has enabled herbal
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medicine researchers to look beyond a single ingredient, target, or condition to investigate
the effectiveness of herbal medicine and its mechanisms [4].

Apoptosis, a form of programmed cell death, is considered an anti-cancer mechanism
(Pistritto et al., 2016) [5]. Apoptotic cells exhibit morphological changes including cytoplas-
mic shrinkage, plasma membrane budding, exposure of phosphatidylserine on the extracel-
lular side, chromatin condensation, and DNA fragmentation (Hacker, 2000) [6]. Apoptosis can
be triggered by both intrinsic and extrinsic factors (Pfeffer 2018; Al-Aamri et al., 2021) [7,8].
Many anti-tumor drugs can target different stages of intrinsic and extrinsic pathways
(Liu 2017) [9]. Nowadays, some herbal medicine has been shown to be useful in cancer
treatment by triggering apoptosis (Li 2022) [10].

Sophora flavescens is a medicinal plant that has recently received a lot of attention.
Sophora flavescens is a plant that could be used for removing heat and humidity from the
body, as well as killing insects [11]. Kushen, a dried stem of Sophora flavescens, has been
demonstrated in clinical testing to have low toxicity and negative effects [12]. Kushen has
shown several therapeutic effects, including swelling reduction, immunostimulation, and
anti-tumor properties [13]. Sophora flavescens contains a variety of pharmacological activity
compounds such as matrine alkaloids, flavonoids, and the saponin sophoraflavoside [14].
These compounds also exhibit anti-oxidant and anti-cancer properties [15,16]. A recent
study showed that the compounds from Sophora flavescens exhibit anti-oxidant properties
and proliferative inhibition in several cell lines (HepG2, A549, and MCF7) [16]. The
prenylated flavanonol from Sophora flavescens could inhibit HeLa and HL-60 tumor cell
lines [17]. However, the mechanism of inhibited proliferation in HepG2 cells induced
by SFA extracts has not been well characterized. Therefore, this study was conducted
to estimate the capacity of matrine and oxymatrine-rich extracts of Sophora flavescens in
proliferative inhibition, as well as their ability to induce apoptosis in HepG2 cells.

2. Materials and Methods
2.1. Extraction and Fractionation

Sophora flavescens Ait. samples were collected from Dak Nong Province, Vietnam
(Figure 1). Pharmaceutical powder characterization was performed following Chinese
Pharmacopoeia 2010 (Figures S1 and S2). Sophora flavescens roots were air-dried to dryness
at room temperature, then powdered and used for fraction extraction. The dried and
powdered sample (100 g) was successively extracted with an ethanol–water mixture (80:20
v/v) at 50 ◦C for 24 h using an IKA RW20 impeller (IKA, Staufen, Germany) apparatus at
500 rpm. The solvent was then removed under reduced pressure to obtain sticky residues.
The crude ethanol extract, after the removal of the solvent, was dispersed in water and
partitioned with ethyl acetate and chloroform successively to give ethyl acetate, chloroform,
and water-soluble fractions.
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Figure 1. SFA samples. (A) SFA was cultivated in Dak Nong province, Vietnam. (B) SFA tree. (C) 
SFA flowers. (D) SFA roots. (E) SFA dry root samples. (F) Transverse section of SFA root. 
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tridge (OASIS- MCX 6 cc, 150 mg, Waters Corp., Milford, MA, USA) was pre-activated 
with 10 mL methanol and distilled water to eliminate any impurities. The sample’s 
methanol solution was fractionated on the cartridge and eluted with 3 mL of 5% ammo-
nia solution in methanol. Following the OASIS MCX cartridge’s partial separation, a ro-
tary evaporator was used to dry the collected fractions at 30 °C, and a speed vacuum 
concentrator was used at 30 °C. A modified method was applied to perform prep-HPLC 
separation [19]. Prep-HPLC was performed with a Shimadzu UFLC system with a re-
versed-phase C18 column (250 mm × 21.2 mm, i.d., 10 µm particle size, Supelco Japan). 
The mobile phase produced solvent A (5% aqueous acetonitrile) and solvent B (100% ac-
etonitrile). The mobile phase at a flow of 10 mL·min−1 was made up of 0.1% formic acid in 
water (phase A) and 0.1% formic acid in acetonitrile (phase B). A gradient of solvents was 
applied as follows: 0–15 min: 7.5–90% phase B, 15.1–19 min: 100% phase B, and finally, 
19.1–25 min: 7.5% phase B, maintained for 10 min before each new injection. A 220 nm 
wavelength was used to monitor each injection. The contents of the matrine and ox-
ymatrine fractions were collected and dried using a rotary evaporator at 30 °C. HRESIMS 
data were obtained from a Bruker micrOTOF—QII mass spectrometer (Berlin, Germany). 
The quantitation of matrine and oxymatrine was carried out using an Agilent 1200 Infin-
ity chromatograph coupled with a UV detector (Agilent Technologies Co., Ltd., Santa 
Clara, CA, USA) with an Eclipse XDB—C18 column (4.6 × 250 mm, 5 µm) from Agilent 
(Santa Clara, CA, USA). 
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Figure 1. SFA samples. (A) SFA was cultivated in Dak Nong province, Vietnam. (B) SFA tree. (C) SFA
flowers. (D) SFA roots. (E) SFA dry root samples. (F) Transverse section of SFA root.

2.2. Solid-Phase Extraction and Prep-HPLC Separation

The solid-phase extraction (SPE) procedure was performed under the modified method,
which was described by Bi and colleagues [18]. This experiment performed SPE on a chlo-
roform fraction extract (1 g) of SFA roots, and the purity extracts were reconstituted in 50%
methanol. Before the elution, each mixed-mode polymeric sorbent cartridge (OASIS- MCX
6 cc, 150 mg, Waters Corp., Milford, MA, USA) was pre-activated with 10 mL methanol and
distilled water to eliminate any impurities. The sample’s methanol solution was fraction-
ated on the cartridge and eluted with 3 mL of 5% ammonia solution in methanol. Following
the OASIS MCX cartridge’s partial separation, a rotary evaporator was used to dry the col-
lected fractions at 30 ◦C, and a speed vacuum concentrator was used at 30 ◦C. A modified
method was applied to perform prep-HPLC separation [19]. Prep-HPLC was performed
with a Shimadzu UFLC system with a reversed-phase C18 column (250 mm × 21.2 mm,
i.d., 10 µm particle size, Supelco Japan). The mobile phase produced solvent A (5% aqueous
acetonitrile) and solvent B (100% acetonitrile). The mobile phase at a flow of 10 mL·min−1

was made up of 0.1% formic acid in water (phase A) and 0.1% formic acid in acetonitrile
(phase B). A gradient of solvents was applied as follows: 0–15 min: 7.5–90% phase B,
15.1–19 min: 100% phase B, and finally, 19.1–25 min: 7.5% phase B, maintained for 10 min
before each new injection. A 220 nm wavelength was used to monitor each injection.
The contents of the matrine and oxymatrine fractions were collected and dried using a
rotary evaporator at 30 ◦C. HRESIMS data were obtained from a Bruker micrOTOF—QII
mass spectrometer (Berlin, Germany). The quantitation of matrine and oxymatrine was
carried out using an Agilent 1200 Infinity chromatograph coupled with a UV detector
(Agilent Technologies Co., Ltd., Santa Clara, CA, USA) with an Eclipse XDB—C18 column
(4.6 × 250 mm, 5 µm) from Agilent (Santa Clara, CA, USA).

2.3. Cell Culture and SFA Extract Treatment

HepG2 cells were purchased from the American Type Culture Collection (ATCC,
Manassas, VA, USA). The cell culture medium was DMEM/Ham’s F-12 (DMEM-12-A,
Capricorn Scientific, Ebsdorfergrund, Germany), containing 15% fetal bovine serum (FBS-
HI-22B, Capricorn Scientific, Ebsdorfergrund, Germany) and 1% antibiotics (15140-122,
Gibco, Thermo Fisher Scientific, Waltham, MA, USA). HepG2 cells in the experimental
groups were exposed to 3.125, 6.25, 12.5, 25, 50, and 100 µg/mL SFA-CHCl3 extract for 48 h.
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The IC50 value was determined and used to assess the proliferation and viability of HepG2
cells for 24 h, 48 h, and 72 h of SFA-CHCl3 extract treatment.

2.4. Cell Density Determination

The cells were seeded in 96-well plates (Thermo Fisher Scientific, Waltham, MA, USA)
with a density of 5 × 103 cells/well. After SFA-CHCl3 extract treatment, cells were washed
in PBS solution and 100 µL of culture media were added to each well. An amount of 10 µL
WST-1 (11644807001, Roche, Basel, Switzerland) was added to each well, and HepG2 cells
were incubated for 3.5 h at 37 ◦C, 5% CO2. GloMax® Explorer Multimode Microplate
Reader (Promega Corporation, Fitchburg, WI, USA) was applied to measure the O.D. value
at 450 nm wavelength. The standard curve was performed by determining the O.D. values
of cells at different densities (5 × 102, 1 × 103, 5 × 103, 1 × 104, 5 × 104 cells/well). The
standard curve was applied to calculate the cell density in the experimental groups.

2.5. Flow Cytometry Analysis

Flow cytometry analysis was applied to estimate the apoptosis and cycle progression
of HepG2 cells under SFA-CHCl3 extract treatment at 24 h, 48 h, and 72 h. The cells were
seeded in T25 tissue culture flasks (160430, Thermo Fisher Scientific, Waltham, MA, USA)
at 1 × 105 cells/flask density. The apoptosis analysis was executed using an Apoptosis De-
tection Kit I (556547, BD Biosciences, San Jose, CA, USA) in Accuri C6 Plus flow cytometer
(BD Biosciences, San Jose, CA, USA). In cell cycle analysis, 4% paraformaldehyde (09154-85,
Nacalai Tesque, Kyoto, Japan) was used for fixing the cell. Cell nuclear were then stained
with 5 µL propidium iodide (51-66211E, BD Biosciences, San Jose, CA, USA). The cell cycle
progression was subsequently analyzed using a flow cytometer.

2.6. Nuclear Staining

Cell fixation was performed with 4% paraformaldehyde (Nacalai Tesque, Kyoto,
Japan) for 30 min; then, 0.1% Triton X-100 was used to permeabilize the fixed cells (Merck,
Darmstadt, Germany) overnight at 4 ◦C. Nuclear staining was carried out with 2 µg/mL
Hoechst 33342 solution (14533, Sigma-Aldrich, Munich, Germany) for 15 min at room
temperature. Phosphate-buffered saline (Gibco, Thermo Fisher Scientific, Waltham, MA,
USA) was used for cell washing for 10 min each. The nuclear morphology was evaluated
under a Cytell fluorescent microscope (GE Healthcare, Chicago, IL, USA).

2.7. Real-Time RT-PCR

RNA extraction was performed with ReliaPrepTM RNA Cell Miniprep kit (Promega
Corporation, Madison, WI, USA). Real-time quantitative RT-PCR was carried out using a
PikoReal System (Thermo Fisher Scientific, Waltham, MA, USA) and a 2× qPCR SyGreen
1-Step kit (PCRBiosystems, London, UK). The PCR reaction was performed as follows: one
cycle of 45 ◦C for 15 min; heating to 95 ◦C for 2 min; 40 cycles of 95 ◦C for 10 s; 60 ◦C for 15 s;
and 71 cycles of 60 ◦C for 15 s. Primers were as follows: bax, F: 5′-CTT TTG CTT CAG GGT
TTC ATC-3′ and R: 5′-CAC TCG CTC AGC TTC TTG GT-3′; bcl-2, F: 5′-TTC TTT GAG TTC
GGT GGG G-3′ and R: 5′-CAG GAG AAA TCA AAC AGA GGC-3′; gapdh, F: 5′-GAA GGT
CGG AGT CAA CGG ATT T-3′ and R: 5′-CTG GAA GAT GGT GAT GGG ATT TC-3′ [20].
The relative expression of these genes was analyzed using the 2−∆∆Ct method [21].

2.8. Western Blot

The HepG2 cells were lysed with the Lysis buffer (ab119196, Abcam, Cambridge, MA,
USA). The protein samples were loaded into Precast Gel SDS-PAGE 4–12% (ab139596,
Abcam, Cambridge, MA, USA) with an equal amount for each well. Gel electrophoresis
was performed with running buffer (ab119197, Abcam, Cambridge, MA, USA) for 2 h at
50 V. The proteins were transferred to a methanol-activated PVDF membrane (ab133411,
Abcam, Cambridge, MA, USA). Blocking buffer (ab126587, Abcam, Cambridge, MA, USA)
was applied to blocking membrane overnight at 4 ◦C. The primary antibody incubation
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was carried out overnight at 4 ◦C. Anti-Bax antibody (ab53154, Abcam, Cambridge, MA,
USA) and Anti-bcl-2 antibody (ab196495, Abcam, Cambridge, MA, USA) were employed at
the 1/5000 dilution. Anti-GAPDH antibody (ab181602, Abcam, Cambridge, MA, USA) was
employed as the control at the 1/10,000 dilution. The membrane was washed using TBST
solution and incubated with Goat Anti-Rabbit IgG (HRP) (ab6721, Abcam, Cambridge,
MA, USA) for 1 h at room temperature. Blot visualization was conducted using an ECL
Substrate Kit (ab65623, Abcam, Cambridge, MA, USA) and X-ray film.

2.9. Statistical Analysis

The results were presented as mean± standard deviation. One-way ANOVA was applied
to analyze the statistical significance, where p < 0.05 was considered statistically significant.

3. Results
3.1. SFA Extraction

Table 1 demonstrates the matrine and oxymatrine contents from different extracts
of SFA powder. The chloroform extract showed higher matrine and oxymatrine contents
than ethanol extract and ethyl acetate extract. Matrine and oxymatrine contents were not
detected in the aqueous extract.

Table 1. Matrine and oxymatrine contents.

Solvent Matrine (mg/g) Oxymatrine (mg/g)

Ethanol extract 28.1 1.79
Chloroform extract 70.1 4.2
Ethyl acetate extract 1.1 0.09
Aqueous extract ND ND

3.2. Effects of SFA-CHCl3 Extract on HepG2 Cell Morphology

The morphology of the HepG2 cells in the control group and the SFA-CHCl3 extract-
treated groups were evaluated by observation under a microscope. The treatment with
3.125 µg/mL, 6.25 µg/mL, and 12.5 µg/mL SFA-CHCl3 extract did not result in morpho-
logical changes in HepG2 cells (Figure 2A–C). An amount of 25 µg/mL SFA-CHCl3 extract
treatment induced the morphological alteration in HepG2 cells (Figure 2D). The treatment
with 50 µg/mL and 100 µg/mL SFA-CHCl3 extract caused marked morphological alter-
ations of HepG2 cells, demonstrated by the shrinkage and detachment of cells (Figure 2E,F).
These results showed that the SFA-CHCl3 extract treatment induced morphological changes
in HepG2 cells.
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showed normal morphology. HepG2 cells showed morphological changes in 25 µg/mL (D),
50 µg/mL (E), and 100 µg/mL (F) SFA-CHCl3 extract groups. (G) Cell density was analyzed by
WST-1 assay. Original magnification 100×.

3.3. Effects of SFA-CHCl3 Extract on HepG2 Cell Proliferation

As seen in Figure 2G, there was no statistical difference in cell density between the
control group and the 3.125 µg/mL, 6.25 µg/mL, and 12.5 µg/mL SFA-CHCl3 extract treat-
ment groups (2.47 × 104/well vs. 2.39 × 104/well, 2.47 × 104/well, and 2.52 × 104/well,
respectively). The cell density of the 25 µg/mL SFA-CHCl3 extract treatment group was
decreased to 1.48 × 104/well. The 50 µg/mL and 100 µg/mL SFA-CHCl3 extract treatment
groups showed a dramatic reduction in the cell density of HepG2 cells (0.88 × 104/well
and 0.12 × 104/well, respectively). These results indicated that the SFA-CHCl3 extract
treatment attenuated the proliferation of HepG2 cells. The IC50 value was calculated after
2 days of SFA-CHCl3 extract treatment. The IC50 value was calculated as 47.68 µg/mL
SFA-CHCl3 extract in HepG2 cells (Figure S3, Tables S1–S3). This value was applied to
assess the effects of the SFA-CHCl3 extract on HepG2 cell proliferation over time.

3.4. Effects of SFA-CHCl3 Extract on Cell Cycle Progression of HepG2 Cells

Flow cytometry was also performed to estimate the effects of the SFA-CHCl3 extract
treatment on cell cycle progression in HepG2 cells. As shown in Figure 3, the SFA-CHCl3
extract treatment reduced the cell ratio in the G0/G1 phase for 24 h, 48 h, and 72 h,
compared to the control group (90.53 ± 0.15%, 87.40 ± 0.23, 85.43 ± 0.58 vs. 91.67 ± 0.55%,
respectively) (Figure 3A,B). In contrast, the increase in the cell ratio in the G2/M phase was
observed in cell cycle distribution maps. The G2/M phase proportion of HepG2 cells was
increased from the control group (2.87 ± 0.06%) to the SFA-CHCl3 extract treatment group
for 24 h, 48 h, and 72 h (3.87 ± 0.06%, 6.26 ± 0.31%, and 8.23 ± 0.22%). This result revealed
that the SFA-CHCl3 extract treatment induced the G2/M phase arrest of HepG2, which
resulted in the inhibition of HepG2 cell proliferation.
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HepG2 cells in cell cycle phases. The percentage of HepG2 cells in G0/G1 phase was reduced from
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24 h to 72 h (* p < 0.05, 48 h group vs. other groups; # p < 0.05, 72 h group vs. other groups). The
percentage of HepG2 cells in S phase was slightly increased in 48 h and 72 h (** p < 0.01, 48 h group
vs. control group and 24 h group; # p < 0.05, 72 h group vs. control group and 24 h group). The
percentage of HepG2 cells in G2/M phase was increased in 48 h and 72 h (*** p < 0.001, 48 h group vs.
other groups; ### p < 0.001, 72 h group vs. other groups).

3.5. SFA-CHCl3 Extract Induced Apoptosis of HepG2 Cells

The apoptotic induction of HepG2 cells using SFA-CHCl3 extract treatment was
analyzed further by flow cytometry analysis (Figure 4A–D). The increase in SFA-CHCl3
extract treatment time caused a decrease in the live cell ratio. The ratio of cells suffering from
apoptosis (including early apoptosis and late apoptosis) was increased from 1.27 ± 0.23%
(control group) to 22.90 ± 0.76%, 34.90 ± 1.41%, 43.17 ± 0.67%, after 24 h, 48 h, and 72 h
SFA-CHCl3 extract treatment, respectively. Moreover, HepG2 cells under SFA-CHCl3
extract treatment exhibited chromatin condensation and DNA fragmentation (Figure 4E).
These results show that SFA-CHCl3 extract treatment could induce significant apoptosis in
HepG2 cells.
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The expression of bax and bcl-2 was determined by real-time RT-PCR and Western
blotting (Figure 5A,B). The results showed that bax expression in HepG2 cells under 24 h
and 48 h of SFA-CHCl3 extract treatment was higher than HepG2 at 0 h treatment. In
contrast, bcl-2 expression was reduced in HepG2 cells for 48 h of SFA-CHCl3 extract
treatment, compared to other groups.
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Figure 5. The expression of bax and bcl-2 gene. (A) The transcript expression of bax and bcl-2
was performed by real-time RT-PCR, *** indicates significant difference between groups (p < 0.001).
(B) Western blot was applied to estimate the expression of bax and bcl-2. * indicates significant
difference between groups (p < 0.05).

4. Discussion

HepG2 cell is the most commonly utilized human hepatoma cell line in pharmaco-
toxicological research [22]. HepG2 cells are highly proliferative and successfully cultured
in large-scale systems. When grown on a solid surface, HepG2 cells exhibit an epithelial ap-
pearance, and their polarization can arise with the formation of bile canaliculi-like structures
between adjacent cells [23,24]. Anti-cancer drugs often suppress cancer cells by apoptotic
induction [25,26]. Apoptotic cells exposed several distinguishing characteristics such as cell
shrinkage, the condensation of chromatin, nuclear DNA fragmentation, phosphatidylserine
expression, and plasma membrane blebbing [27,28]. In this study, HepG2 cells maintained
epithelial appearance in the low SFA-CHCl3 extract-treated groups. However, morphologi-
cal changes in HepG2 cells were observed in the high SFA-CHCl3 extract-treated groups
(50 µg/mL and 100 µg/mL SFA-CHCl3 extract), concluding the shrinkage of cells, the
formation of debris, and the visible loss of contact and rounding of cell shape that are
classic morphologies of apoptosis [29]. Moreover, the SFA-CHCl3 extract treatment at IC50
value also resulted in the morphological changes of nuclear in HepG2 cells at 24, 48, and
72 h. These alterations were demonstrated by the nuclear condensation and fragmented
nuclear, which are also unique features during apoptosis [30]. Therefore, SFA-CHCl3
extract treatment induced the morphologic hallmarks of apoptosis, by a series of typical
morphological events in the cytoplasm and nuclear in HepG2 cells.

These findings suggest that SFA-CHCl3 extract treatment has strong cytotoxicity
against HepG2 cells and can limit their proliferation. Cell proliferation is a fundamental
process in multi-cellular organisms, and it has been reported to be linked to apoptosis [31].
Uncontrolled proliferation can be associated with a high level of apoptosis. This investi-
gation showed that SFA-CHCl3 extract treatment markedly decreased the proliferation
of HepG2 cells in a dose-dependent manner. This reduced proliferation was found to
be associated with HepG2 cells from the high SFA-CHCl3 extract-treated groups, which
strongly exposed the morphological features of apoptosis.

Cell cycle dysregulation is known to be characteristic of tumor cells. Anti-cancer
drugs induce apoptosis by stopping the cell cycle progression in the G1, S, or G2/M
stages [27,32,33]. In this study, flow cytometry demonstrated that the percentage of the
G0/G1 phase of HepG2 cells under SFA-CHCl3 extract treatment decreased with the
increase in time of the treatment, while the percentage of the G2/M phase increased. This
result disclosed that SFA-CHCl3 extract treatment significantly arrested the cell cycle of
HepG2 cells at the G2/M phase, leading to the inhibited proliferation of HepG2 cells.
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Phosphatidylserine exposure on the plasma membrane’s outer leaflet is a common
alteration in apoptotic cells, and it has been considered a unique feature of these cells [34,35].
This marker can be detected by double-staining with annexin V and PI; flow cytometry
analysis revealed a dramatic increase in the apoptotic percentage of HepG2 cells, suggesting
that SFA-CHCl3 extract could induce significant apoptosis in HepG2 cells.

The Bcl2 family plays a key role in intrinsic mitochondrial apoptosis [36]. Bcl2 interacts
with pro-apoptotic proteins such as Bax, limiting pore development and the release of
cytochrome c [37]. On the other hand, an increase in Bax expression causes tumor cells to
die, resulting in cell death [38]. The present investigation showed that bax up-regulation
and bcl-2 down-regulation were determined in HepG2 cells under SFA-CHCl3 extract
treatment. This revealed that SFA-CHCl3 extract could induce apoptosis in HepG2 cells by
intrinsic pathway.

Previous studies have shown that treatment with matrine and oxymatrine induces
inhibition of tumor cell proliferation in different types of cancer, including breast cancer [39],
colon cancer [40], melanoma [41], glioma [42], pancreatic cancer [43], and hepatoma [44].
Treatment with matrine showed inhibition of HepG2 cell proliferation [45,46]. Oxymatrine
inhibits the proliferation and induces apoptosis of human hepatoma SMMC-7721 cells [44].
Moreover, oxymatrine has been shown to inhibit the migration and invasion of human HCC
cell line MHCC97H [47]. However, the effects of a combination of matrine and oxymatrine
on tumor cells have not been well characterized. Combinations of bioactive compounds
play an important role in traditional medicines, particularly Sophora flavescens, because
the extracts are often composed of many compounds that act synergistically to inhibit
proliferation or induce apoptosis in cancer cells. In this study, we found that SFA-CHCl3
extract showed a high content of matrine and oxymatrine. In addition, SFA-CHCl3 extract
treatment resulted in effectively suppressing HepG2 cell proliferation through apoptosis.

5. Conclusions

This study showed the potential of SFA-CHCl3 extract in the proliferative inhibition
of HepG2 cells by inducing apoptosis. Further studies should be performed to evaluate the
effects of SFA-CHCl3 extract on in vivo suppression of hepatocellular carcinoma to clarify
the anti-cancer capacity of SFA-CHCl3 extract.
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treated with SFA-CHCl3 extract.
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DMEM Dulbecco’s Modified Eagle’s Medium
FBS Fetal bovine serum
GAPDH Glyceraldehyde-3-phosphate dehydrogenase
HPLC High-performance liquid chromatography
HRESIMS High-resolution electrospray ionisation mass spectrometry
HRP Horseradish peroxidase
IgG Immunoglobulin G
O.D. Optical density
PBS Phosphate-buffered saline
Pen/Strep Penicillin/streptomycin
PI Propidium iodide
SDS-PAGE Sodium dodecyl sulfate polyacrylamide gel electrophoresis
TBST Tris-buffered saline, 0.1% Tween 20
UFLC Ultra-fast liquid chromatography
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