
Hellebrigenin induces apoptosis in colorectal cancer Cells
through induction of excessive reactive oxygen species
CHUNJIAO LIU1,2; QINHONG KONG1,2; FENG PAN1,2; SHAN JIANG1,2; LINGJIE MENG1,2; GAI HUANG1,2; LIDAN LU1,2;
SANHUA LI1,2,*; YUN LIU1,2,3,*

1
Guizhou Provincial College-based Key Laboratory for Tumor Prevention and Treatment with DistinctiveMedicines, ZunyiMedical University, Zunyi, 563000, China

2
Life Sciences Institute, Zunyi Medical University, Zunyi, 563000, China

3
Department of Biochemistry and Molecular Biology, Zunyi Medical University, Zunyi, 563000, China

Key words: Hellebrigenin, Colorectal cancer, Reactive oxygen species, Apoptosis

Abstract: Traditional Chinese medicine (TCM) has been increasingly applied in both preventing and treating a variety of

cancers in the last decades, attributing to its fewer side effects as compared with chemotherapy drugs. Hellebrigenin, a

component of Chanpi from the skin of Bufo bufogargarizans Cantor or Duttaphrynus melanostictus has been reported

to have an obvious anti-cancer activity on various cancers. However, the effect and mechanism of hellebrigenin on

colorectal cancers were still unknown. Herein, the present study demonstrated hellebrigenin significantly reduced

viability and triggered apoptosis via the intrinsic pathway in colorectal cancer cell lines HCT116 and HT29 in vitro

and in vivo. Moreover, hellebrigenin led to a reduction of mitochondrial membrane potential. In addition, treatment

with hellebrigenin could result in the induction of excessive reactive oxygen species, which led to cell apoptosis. These

results indicated that hellebrigenin had anti-cancer potential in the treatment of colorectal cancers.

Introduction

The incidence of colorectal cancer (CRC) is ranked the third
in terms of morbidity and the fifth in terms of mortality of
malignancies in China, where new colorectal cancer cases
had reached over 0.8 million and 0.4 million deaths
occurred in 2018 (Feng et al., 2019). Chemotherapy is still
an important treatment strategy for CRC patients, especially
for the ones with metastatic disease. However, there are
many side effects such as myelosuppression, gastrointestinal
tract reaction, cardiac damage, liver or kidney damage. In
addition, the multiple drug resistance of cancer cells limits
the application of conventional chemotherapy drugs. It calls
for the development of more effective chemotherapy agents.

Traditional Chinese medicine (TCM) has been
increasingly applied in preventing and treating a variety of
cancers in the last decades because of its characteristics of
diverse components, multiple targets, low toxicity, and a few
side effects, overall regulation, and synergistic effects (Qi
et al., 2015). Skin from Bufo bufo gargarizans Cantor or
Duttaphrynus melanostictus, named Chanpi, is one of TCM

and is commonly used for bloating, heatstroke coma,
vomiting, diarrhea, and cancer.Cinobufacini (Huachansu) is
a water-soluble bioactive drug extracted from Chanpi and
has been approved for clinical treatment of cancer patients,
showing promising therapeutic effects in hepatocellular
carcinoma, lung cancer, colorectal and pancreatic cancer
(Meng et al., 2009; Qin et al., 2008). Hitherto, the anti-
tumor mechanism of Chanpi has not been fully explored
because of its complex components.

Bufadienolides are the primary bioactive components of
Chanpi, including approximately one hundred monomers,
most of which have potent anti-cancer activity and have
been drawn attention as novel candidates in cancer therapy
(Wang et al., 2011; Zhan et al., 2020). Hellebrigenin is one
of the bufadienolides and is an effective constitute of
Huachansu injection. It has reported that hellebrigenin
could suppress the growth of several cancer cell lines, but
few studies demonstrated its effect on colorectal cancer cell
lines(Cunha-Filho et al., 2010; Moreno et al., 2013; Wu et
al., 2006) and the underlying mechanisms against the
growth of colorectal cancer cell lines of hellebrigenin have
not yet been disclosed.

In the present study, the effect and mechanism of
hellebrigenin on human colorectal cancer cell lines HCT116
and HT29were investigated. We showed that exposure of
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CRC cell lines to hellebrigenin led to cell death with
morphological and biochemical characteristic changes of
apoptosis. Further study demonstrated that reactive oxygen
species (ROS) were upstream of hellebrigenin-mediated
apoptosis, and the apoptosis was triggered through the
intrinsic pathway in CRC cells. These findings suggest that
hellebrigenin may be a potential chemotherapeutic agent for
colorectal cancer treatment.

Materials and Methods

Materials
Human colorectal cancer cell lines HCT116 and HT29 cells were
purchased from Genechem Co., Ltd., (Shanghai, China).
Hellebrigenin was prepared from water extract of Chanpi and
dissolved in DMSO at a stock concentration of 10 mM. Fetal
bovine serum was purchased from Gibco (USA).
Sulforhodamine B (SRB) was purchased from Sigma (USA).
FITC-Annexin V Apoptosis Detection Kit I was purchased
from Becton Dickinson Biosciences (USA). Reactive Oxygen
Species (ROS) Assay Kit and Mitochondrial Membrane
Potential Assay Kit were purchased from Beyotime (China).
Antibodies against cleaved caspase-9 (#7237), cleaved caspase-3
(#9664), BAX (#272), BCL-2 (#3498), Cytochrome C (#11940)
and VDAC (#4661) were purchased from Cell Signaling
Technology (USA). Antibodies against PCNA (EM111201)
and β-actin (R1207-1) were obtained from Huabio (China).

Cell culture
The human colorectal cancer cell lines HCT116 and HT29
were cultured in RPMI-1640 medium supplemented with
1% penicillin/streptomycin and 10% fetal bovine serum
(FBS) at 37°C in a humidified cell culture incubator
containing 5% CO2.

Cell viability assay
Cells were seeded into 96-well plates at a density of 5 × 103cells
per well and cultured for 24 h to allow adherence. Next, cells
were incubated with a series of concentrations of
hellebrigenin. After incubated for 24, 48 and72 h, cells were
performed SRB colorimetry (Skehan et al., 1990). The
absorbance at 530 nm of each well was measured by a
Spectra Max i3X plate reader (Molecular Devices, USA) and
used for calculating cell viability.

Colony formation assay
Cells were seeded into 6-well plates at a density of 500 cells per
well and cultured for 24 h. Next, cells were pretreated with 100
to 400 nM of hellebrigenin for 48 h and then cultured with
fresh cell culture medium for 2 weeks. Then, cells were
washed with phosphate buffer saline (PBS) followed by fixed
with methanol for 1 h and stained with Giemsa solution
(Solarbio, Beijing, China). Finally, colonies of cells were
counted to evaluate cell proliferation.

Cell apoptosis analysis
Cells were plated into a 6-well plate at a density of 1 × 105cells
per well and cultured for 24 h. Then cells were incubated with
100 to 400 nM of hellebrigenin for 48 h. The cells were washed
and collected with cold PBS and resuspended in 500 μL

binding buffer (0.01 M Hepes-NaOH (pH7.4), 0.14 M NaCl,
2.5 mM CaCl2). Later, cells reacted with 5 μL
FITC-Annexin-V and 5 μL PI at room temperature in the
dark for 15 min. Finally, the stained samples were analyzed
by flow cytometerC6 plus (BD, USA).

Hoechst 33342 staining
Cells were plated into a 6-well plate at a density of 1 × 105cells per
well and cultured for 24 h. After incubated with 100 to 400 nM of
hellebrigenin for 48 h, cells were stained with Hoechst 33342
(Beyotime, Shanghai, China) for 30 min in the dark. Cells were
photographed by fluorescence microscope (Olympus, Tokyo,
Japan) in which the bright blue of condensed or fragmented
nuclei in apoptotic cells were observed.

Measurement of mitochondrial membrane potential (MMP)
Cells were plated into a 6-well plate at a density of 1 × 105 cells
per well and cultured for 24 h, followed by treating with 100 to
400 nM of hellebrigenin for 48 h. Cells were then washed by
PBS and cultured in fresh RPMI-1640 medium with 10 μM
of 5,5,6,6’-tetrachloro-1,1,3,3’-tetraethyl-imidacarbocyanine
(JC-1) for 20 min in the dark. Afterward, cells were washed
by JC-1 staining buffer and added fresh RPMI-1640
medium without fetal bovine serum to be photographed by
fluorescence microscope.

ROS detection
Cells were plated into a 6-well plate at a density of 1 × 105 cells
per well and cultured for 24 h followed by treating with 100 to
400 nM of hellebrigenin for 48 h. Cells then were washed
by PBS and incubated in fresh RPMI-1640 medium with
10 μM Dichloro-dihydro-fluoresceindiacetate (DCFH-DA)
probe for 30 min in dark. Later, cells washed with ice-cold
PBS and added fresh RPMI-1640 medium without fetal
bovine serum to be examined by fluorescence microscope.

Extraction of mitochondrial protein
Mitochondria of cells were prepared using Cell Mitochondria
Isolation Kit (Beyotime, Shanghai, China). Briefly, cells were
collected from culture dishes and suspended in ice-cold PBS.
Cells were then precipitated by centrifugation and treated
with mitochondrial separation reagent for 15 min in ice.
Later, the cell suspension was milled in a glass homogenizer
and centrifugated at 600 × g to collect the liquid
supernatant. Then, liquid supernatant was centrifugated at
11000 × g to collect precipitant in which mitochondria
remained. Finally, the mitochondrial protein was extracted
via RIPA lysis buffer.

Xenograft tumor model and compound administration in vivo
HCT116 cells were suspended in PBS at a concentration of 1 × 107

per µL and injected subcutaneously into the right forelimb of male
BALB/c nude mouse (N = 10) at 4 weeks of age (Beijing
Huahengkang Biological Technology, Beijing, China). Mice were
maintained in specific pathogen-free conditions. When the
mean volume of the tumors reached approximately 70 mm3,
the mice were randomized to either the vehicle control group
(N = 5) or hellebrigenin treated group (N = 5). Hellebrigenin
was dissolved in normal saline and intraperitoneally injected
into mice of the hellebrigenin-treated group at a dose of
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2.5 mg/kg for 12 continuous days. Mice of the vehicle control
group were treated with the same volume of normal saline and
DMSO. Volumes of tumors were measured and calculated
every day by the following formula: Volume = 1/2 (length ×
width2). Then tumor neoplasm was harvested 12 days after
compound administration.

Immunohistochemistry
Tumor tissues were fixed with formalin, embedded in paraffin,
and sectioned. The slices were incubated with primary antibody
against PCNA (1:200) overnight at 4°C, and HRP-secondary
antibody for 2 h at room temperature and then subjected to
3,3’-diaminobenzidine chromogen development. Samples
were photographed by microscope (Olympus, Tokyo, Japan).

Western blot analysis
Total protein was extracted from cells or tumor tissue by RIPA
lysis buffer with proteinase inhibitor PMSF (Beyotime, China)
and phosphatase inhibitor (Sigma-Aldrich, USA). Protein
samples were quantified, separated by SDS-PAGE in 12%
gel, and transferred to PVDF membranes (Millipore, USA).
The membranes were blocked with 5% BSA for 2 h at room
temperature and probed with primary antibodies at 4°C
overnight. Then the membranes were incubated with HRP-
conjugated anti-rabbit antibody for 1 h at room
temperature. Protein bands were visualized by ChemiDoc
Imaging System (Bio-Rad, USA).

Statistical analysis
All experiments were performed at least three times
independently. Statistical analyses were performed using SPSS
17.0 (IBM, Armonk, New York, USA). Statistical significance

was determined by ANOVA analysis, and a two-tailed value
of p < 0.05 was considered statistically significant.

Results

Hellebrigenin can suppress cell viability and colony formation
ability of CRC
To investigate the effect of hellebrigenin on the proliferation
of human CRC cells, two human CRC cell lines, HCT116
and HT29, were exposed to various concentration of
hellebrigenin (0, 15.62, 31.25, 62.5, 125, 250, and 500 nM)
for 24, 48, and 72 h, respectively. The cell viability detected
by SRB assay showed that hellebrigenin significantly
suppressed the growth of HCT116 and HT29 cells (Figs. 1A
and 1B). After treated with hellebrigenin (0, 100, 200, and
400 nM), colonies of CRC cells were much fewer than that
of the control group (Figs. 1C and 1D). These results
indicated the anti-proliferation effect of hellebrigenin in two
CRC cell lines.

Hellebrigenin induces apoptosis via intrinsic pathway in
CRC cells lines
In order to identify whether the proliferation inhibition by
hellebrigenin was associated with apoptosis, we detected
apoptotic cells by FITC-Annexin-V and PI staining. Results
showed that the proportion of apoptotic cells obviously
increased following treatment with 400 nM hellebrigenin
for HCT116 and HT29, respectively (Figs. 2A and 2C,
p < 0.05). Moreover, changes in nuclear morphometry are
the characteristics of cell apoptosis, which could be detected
via Hoechst 33342. Brighter blue fluorescence of the
condensed cell nuclei was observed in cells treated with 200

FIGURE 1. Hellebrigenin treatment inhibited proliferation of CRC cells measured via SRB assay in (A) HCT116, (B) HT29.
Colonies outgrew from single cells after cells treated with various doses of hellebrigenin (C and D). The data showed three independent
experiments (*p < 0.05 vs. control).
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FIGURE 2. Apoptosis induced after cells treated with various doses of hellebrigenin for 48 h by staining with FITC-Annexin-V and PI (A–C).
Mitochondrial apoptosis-associated protein BAX, BCL-2, cleaved caspase-3, and cleaved caspase-9 detected after cells treated with
hellebrigenin for 48 h (D). Nuclei of cells stained by Hoechst 33342 after cells treated with hellebrigenin for 48 h (E, the scale bar is 50
μm). Data of three independent experiments performed one-way ANOVA analysis (*p < 0.05 vs. control).
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and 400 nM hellebrigenin for 48 h than that in the cells of the
control group (Fig. 2E, p < 0.05). To further explore whether
apoptosis in cells is triggered through the intrinsic pathway,
downstream apoptotic proteins BAX, BCL-2, caspase-9, and

caspase-3 were detected by western blot. It indicated that
BAX, cleaved caspase-3, and cleaved caspase-9 increased
while BCL-2 declined in a dose-dependent manner after
treated with 100, 200, and 400 nM hellebrigenin (Fig. 2D).

FIGURE 3.Detection of mitochondrial membrane potential by fluorescent probe JC-1 loading after cells treated with hellebrigenin for 48 h (A
and B, the scale bar is 50 μm). Detection of cytochrome C in mitochondrial and cytoplasm by western blot after cells treated with hellebrigenin
for 48 h (C). Data of three independent experiments performed one-way ANOVA analysis (*p < 0.05 vs. control).
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Taken together, these results suggested the activation of
intrinsic apoptosis by hellebrigenin in CRC cells might
contribute to the inhibition of cell growth in CRC cell lines.

Hellebrigenin induces apoptosis via the mitochondrial pathway
Mitochondria play an important role in regulating apoptosis,
and exhaustion of MMP is a symbolic event in the early stage
of intrinsic apoptosis. Subsequently, cytochrome C is released
from mitochondria to the cytoplasm, and apoptosis
progresses. We examined the change of MMP by fluorescent
probe JC-1 with a microscope. MMP significantly declined
after treated with 400 nM hellebrigenin for 48 h, evidenced
by enhanced green fluorescence representing strengthened
permeating of JC-1 monomer in mitochondria (Figs. 3A
and 3B, p < 0.05), which indicated that accumulation of
damaged mitochondria. Cytochrome C localized in the
mitochondrial inner membrane was released from mitochondria
to the cytoplasm under the influence of hellebrigenin, especially
at 200 and 400 nM, evidenced by results of western blot
(Fig. 3C). These results further indicated the apoptosis-inducing
function of hellebrigenin in CRC cells. Here, VDAC located at

mitochondrial outer membrane was used as an internal
reference of the extracted mitochondrial protein.

Hellebrigenin induces accumulation of ROS
An unstable state of ROS is a precipitating factor of apoptosis,
and usually, excessive ROS production causes oxidative
damage to cells resulting in cell death. In order to find out
whether ROS was involved in apoptosis induced by
hellebrigenin, we detected the level of ROS in CRC cells by
fluorescent probe DCFH-DA. Results showed that the
production of ROS elevated, evidenced by green
fluorescence increase when cells were treated with 200 and
400 nM hellebrigenin. It revealed that hellebrigenin
promoted toxic levels of ROS production to trigger
apoptosis in CRC cells (Figs. 4A and 4B).

Hellebrigenin suppresses tumor growth in xenograft models
To investigate the antitumor activity of hellebrigenin in vivo,
we developed an ectopic transplantation model of tumor
cells in nude mice. It showed that hellebrigenin at the
chosen dose was able to hinder the increase of tumor

FIGURE 4. Detection of ROS by fluorescent probe DCFH-DA loading after cells treated with hellebrigenin for 48 h (A and B, the scale bar is
200 μm). Data of three independent experiments of apoptosis detection performed one-way ANOVA analysis (*p < 0.05 vs. control).
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volume and weight significantly (Figs. 5A–5C, p < 0.05).
Furthermore, hellebrigenin enhanced the expression of BAX,
cleaved caspase-9 and cleaved caspase-3, and decreased
BCL-2 in three random chosen tumor xenograft models
(Fig. 5D). These results revealed that intrinsic apoptosis
pathway was also activated by hellebrigenin treatment in
vivo. In addition, the protein expression of PCNA in
xenograft tumor section was determined via IHC. As the
result shown, PCNA decreased in hellebrigenin treated
group (Figs. 5E and 5F), which indicated that hellebrigenin
might reduce the degree of malignancy of human CRC in vivo.

Discussion

Hellebrigenin is a natural product found in the toad skin
secretions and plants of Urginea, including Helleborus and

Kalanchoe genera (Tempone et al., 2008). As a compound
of bufadienolide, hellebrigenin belongs to the family of
cardioactive steroids with high binding affinity and
inhibition activity to Na+/K+-ATPase complexes (Moreno
et al., 2013). Hellebrigenin also has anti-cancer activity
through different molecular mechanisms. For example, it
could trigger cell cycle arrest in human glioblastoma U-87
cells at the G2/M phase and promote necrotic cell death
through activation of the p38 MAPK signaling pathway
(Han et al., 2018). And it showed strong growth inhibition
to human leukemia CCRF-CEM cells and multidrug-
resistant CEM/ADR5000 cells through binding to tubulin
(Abdelfatah et al., 2019). Hellebrigenin induced the G0/G1
arrest and promoted cell early apoptosis and autophagy in
both human pancreatic cancer SW1990 and BxPC-3 cells
(Wei et al., 2020). It was reported that hellebrigenin induced

FIGURE 5. Anti-proliferation effect of hellebrigenin in CRC xenograft model treated at dose of 2.5 mg/kg/day for 12 days (A) fresh tumor, (B)
tumor volume, (C) tumor weight, (D) mitochondrial apoptosis-associated protein BAX, BCL-2, cleaved caspase-3, and cleaved caspase-9
changed in tumor tissue the same as in cell lines, (E) PCNA stained by immunohistochemistry in tumor tissue (the scale bar is 20 μm),
(F) relative staining intensity of PCNA (*p < 0.05 vs. control, **p < 0.001 vs. control).
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human hepatocellular carcinoma HepG2 cells DNA damage,
mitochondria collapse, cell cycle arrest, and apoptosis (Deng
et al., 2014). Hellebrigenin also had anti-proliferative
activities against human colon cancel HCT8 cells and HT29
cells (Cunha-Filho et al., 2010; Moreno et al., 2013; Wu
et al., 2006). However, the mechanisms of hellebrigenin
underlying against colorectal cancer cells are not fully
understood yet.

ROS is a set of short-lived molecules with unpaired
electrons, including superoxide, hydroxyl, hydrogen
peroxide, and hypochlorous acid. Endogenous ROS is
byproducts of oxygen consumption and is mainly generated
in mitochondria electron transport chain and NADPH
oxidases complex (Giorgio et al., 2007; Sabharwal and
Schumacker, 2014). The homeostasis of ROS is regulated by
a series of antioxidant molecules such as glutathione,
peroxiredoxin, thioredoxin, superoxide dismutase, and
catalase, which avoid oxidative damage by overproduction
of ROS (Nicco and Batteux, 2017). ROS also have long
been associated with cancers. Increased levels of ROS have
been found in different types of cancer cells compared to
their normal counterparts, indicating high metabolism and
high antioxidative capacity in the cancer cells. The
enhancive level of ROS has shown the ability of activation
of pro-survival signaling pathways resulting in function loss
of tumor suppressor, adaptation to hypoxia, and generation
of oncogenic mutations (Moloney et al., 2017; Sabharwal
and Schumacker, 2014). However, toxic levels of ROS
production bring oxidative damage to cells resulting in cell
cycle arrest, apoptosis, and senescence, which therefore
shows anti-tumor potential. Direct ROS-accumulating is an
effective anticancer strategy. For instance, doxorubicin can
induce the chelation of intracellular iron, leading to the
accumulation of hydroxyl radicals and ultimately to cell
death (Kotamraju et al., 2002). Cisplatin can directly
damage the mitochondrial DNA electron transport chain
leading to ETC impairment (Marullo et al., 2013) and also
interfere with DNA replication and consequently induce
oxidative stress to target cancer cells (Omura and
Gynecologic Oncology, 2008)

Although mitochondrion is one of the main ROS
generators, increased production of ROS in turn causes
damage to the mitochondrial membrane resulting in the
release and translocation of cytochrome C from
mitochondria to cytosol and then triggering caspase-
independent or caspase-dependent apoptosis (Ryter et al.,
2007). In our study, hellebrigenin induced excessive
production of ROS and then initiated mitochondrial
pathway apoptosis evidenced by activation of pro-apoptosis
molecules caspase-9, caspase-3, and BAX while inhibition of
anti-apoptosis molecule BCL-2. At the same time,
mitochondrial transmembrane potential declined, and
cytochrome C was translocated from mitochondria to the
cytoplasm, indicating the collapse of the mitochondrial
membrane. In the tumor-bearing nude mice, hellebrigenin
also inhibited ectopic tumor growth significantly through
activating the mitochondrial apoptosis pathway. These
results suggest hellebrigenin is an intrinsic apoptosis
inducer, and its function is involved with excessive ROS
production in CRC cells.
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