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Abstract: The purpose of this study was to explore the cytotoxicity of Gloydius brevicauda venom on
tumor cells. Hela and Hep G2 cells were used as the research subjects. The MTT assay was employed to
investigate the proliferative activity of snake venom on tumor cells. The cell scratch assay was conducted to
study the migration ability of tumor cells treated with snake venom. The Hoechst 33258 fluorescent staining
method was utilized to examine the damage caused by snake venom on tumor cells. The results
demonstrated that the half maximal inhibitory concentration (IC50) of the venom on Hela and Hep G2 cells
at 48 hours was 8.176 pg/ml and 12.276 ng/ml, respectively. Furthermore, at a concentration of 4 pg/ml, the
venom was able to inhibit the migration of tumor cells. Cell nuclear fluorescence staining revealed that the
venom at concentrations of 8 pug/ml and 12 pg/ml induced DNA condensation in Hela and Hep G2 cells,
respectively. In conclusion, the venom of Gloydius brevicauda was found to inhibit cell proliferation and
migration, as well as induce cell apoptosis.

1. Introduction
2. Materials and Methods

Gloydius brevicauda is a species of Gloydius, Pit viper,
Viperaceae. The body length did not exceed 70 cm. The
amount of venom excreted ranged from 6 to 30 mg per 2.1. Materials
dose (depending on the size of the snake). It is found
mainly in China, Korea and North Korea!"?!. The venom
of Gloydius brevicauda contains four major components:
neurotoxin, cytotoxin, thrombin inhibitor, and plasmin.
Currently, anticoagulant components derived from the
venom are primarily utilized in clinical practice,
particularly for embolic diseases’®. In recent years,

2.1.1. Snake venom and tumour cells

Gloydius brevicauda venom was purchased from the
Huangshan Snake Park in Huangshan City, Anhui
Province, China. The venom was collected between July
. . and August 2019 and stored at 4 °C for backup after
researchers have isolated anti-tumor components from low-temperature drying. The Hela and Hep G2 cell lines

various snake venoms. However, there is limited C o .
. .. . were purchased from Wuhan Pronosai Life Sciences Co.,
research available on the cytotoxicity of Gloydius China

brevicauda venom towards tumor cells. Thus, this study
aimed to expand the understanding of the physiological
activity of Gloydius brevicauda venom™. 2.1.2. Main instruments and consumables

Hela cells, collected in 1951 from a cervical cancer
tissue sample from an African-American woman named
Henrietta Lacks, were the first cell line ever to be
successfully cultured in unlimited passaging, and are
now widely used in biomedical research; Hep G2 cells, a
cell line established in the 1970s and derived from the
liver cancer tissue of a 15-year-old boy, has become one
of the widely used models in liver cancer research!l,

Autoclave (ZEALWAY, USA), Ultra Clean Workbench
(Zhejiang Baishun Experimental Equipment Co., Ltd.),
Desktop centrifuge (Shanghai Disuo Instrument Co.,
Ltd.), Carbon dioxide incubator (SANYO Company,
Japan), Inverted fluorescence microscope (OLYMPUS,
Japan), High-speed freezing centrifuge (Hunan Xiangli
Scientific  Instrument Co., Ltd.), Enzyme-linked
immunosorbent assay (Bio-Rad, USA).

T25 cell culture bottles and cell culture plates were
purchased from Corning Inc. in the United States, and
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cell counting plates were purchased from Shanghai
Xinrui Biotechnology Co., Ltd, China. MEM medium
was purchased from Wuhan Pronosai Life Sciences Co.,
China. Fetal Bovine Serum (FBS) was obtained from
Hangzhou Four Seasons Green Company, China. The
BCA protein concentration detection kit, MTT cell
proliferation kit, P/S, SDS-PAGE reagent kit, Kamas
Brilliant Blue Staining Kit, and Hoechst 33342
fluorescent dyes are all from Biyuntian Biotechnology
Co., Ltd, China.

2.2. Methods

2.2.1. SDS-PAGE electrophoresis

The electrophoresis procedure involved using a 12%
concentration separation gel and a 5% concentration
stacking gel. The snake venom supernatant was subjected
to electrophoresis, which is a technique used to separate
and analyze molecules based on their charge and size.

2.2.2. Tumor cell culture

The tumor cell culture medium consisted of §89% MEM
(including NEAA), 10% FBS, and 1% P/S. The cells
were cultured in a humidified incubator at 37 °C, 5%
CO; concentration, and with saturated humidity. Both
Hela and Hep G2 cells exhibited adherent growth.
Throughout the subsequent experiments, the culture
medium formulation and the physicochemical parameters
within the incubator remained constant.

2.2.3. The effect of snake venom on cell proliferation
and vitality

Weigh 0.1 g of lyophilised Gloydius brevicauda snake
venom dissolved in 1 ml of complete medium and then
centrifuged at 10,000 rpm for 15 min at 4 °C. The
supernatant was then extracted for BCA protein
concentration measurement.

Hela and Hep G2 cells in the exponential growth
stage were seeded at a density of 1X103 cells/well in a
96-well plate and incubated at 37 °C with 5% CO; for 24
hours. Both a control group and a snake venom group
were established. The snake venom group had
concentrations of 128 pg/ml, 64 pg/ml, 32 pg/ml, 16
pg/ml, 8 ug/ml, 4 pg/ml, 2 pg/ml, 1 pg/ml and 0.5 pg/ml,
with 6 replicate wells and 3 replicates. The inhibition rate
was calculated by measuring the absorbance at MTT
after 48 hoursl®l.

2.2.4. Effect of snake venom on Cell migration

Inoculate Hela and Hep G2 cell suspensions at the
logarithmic growth phase into separate wells of a 6-well
culture plate and allow them to grow for 72 hours.
Afterward, create a scratch in the cell monolayer. Both a
control group and a venom group are established, with
the venom group treated with a concentration of 4 pg/ml
of snake venom. The cells are then cultured for an

additional 48 hours, with each experiment repeated three
times. The area of the scratch is measured using Image J
softwarel®l. The cell migration rate is calculated using the
following formula: (Area at O-hour scratch - Area at
48-hour scratch) / Area at 0-hour scratch X 100%.

2.2.5. The damage effect of snake venom on cellular
DNA

Hela and Hep G2 cells at the logarithmic growth stage
were seeded in T25 flasks and incubated at 37 °C with 5%
CO; for 24 hours. Afterward, the growth medium was
removed, and the venom was added to the fresh medium.
Hela cells were cultured with a concentration of 8ug/ml
of venom, while Hep G2 cells were cultured with a
concentration of 12 pg/ml of venom. The cells were
incubated at 37 °C with 5% CO; for 24 hours. Following
the incubation period, the cell culture was terminated.
The cells were washed with PBS and then treated with
Hoechst 33258 fluorescent staining solution at 37 °C
with 5% CO, for 20-30 minutes. After the staining
solution was discarded, the cells were washed 2-3 times
with PBS in preparation for fluorescence microscopy.

2.3. Statistical analysis

SPASS 14.0 software was used to calculate the half
inhibitory concentration (IC50) using t-test, P < 0.05
difference is significant, P > 0.05 difference is not
significant.

3. Results

3.1. Snake venom protein purity

Weighing 0.1 g of snake venom lyophilised powder
dissolved and centrifuged gave a protein content of 88.45%
by the BCA method.

3.2. SDS-PAGE electrophoresis of snake venom
proteins

After conducting SDS-PAGE electrophoresis, Gloydius
brevicauda venom exhibited six distinct electrophoresis
bands, with the most prominent bands observed at
molecular weights of 25 kDa and 15 kDa. These results
indicate the molecular weights of the main components
present in the venom of Gloydius brevicauda (Figure 1).

3.3. Gloydius brevicaudus Venom Anti-Tumor
Activity

The effect of Gloydius brevicauda venom on Hela cells
revealed that at a concentration of 4 pg/ml, the cells
exhibited aggregation and a decrease in adhesion ability
(Figure 2). At 16 pg/ml, the cells started to detach and
float, and at 32 pg/ml, the presence of flocculent
substances was observed, suggesting possible cell death
(IR = 98%) (Table 1). The half-maximal inhibitory
concentration (IC50) was determined to be 8.176 pg/ml
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(Figure 3). Similarly, the effect of Gloydius brevicauda
venom on Hep G2 cells demonstrated that at a
concentration of 8 pg/ml, the cells displayed aggregation
and reduced adhesion ability (Figure 2). At 16 pg/ml, the
cells started to detach and float, and at 64 ug/ml, the
presence of flocculent substances indicated potential cell
death (IR = 93.60%) (Table 1). The half-maximal
inhibitory concentration (IC50) was found to be 12.276
pg/ml (Figure 4) 71,

25kD

15KD

Figure 2 Morphology of Gloydius brevicaudus snake venom

Figure 1 SDS-PAGE electrophoresis of snake venom. Note: 1: after its action on Hela and Hep G2 cells. Note: A. Hela cell
Mark; 2A: sample 15 pl; 2B: sample 3 pl; 2C: sample 10 pl; morphology (4 pg/ml); B. Hep G2 cell morphology (8 pg/ml)
2D: sample 6 pl. (10 X 10).

Table 1 Inhibition of Hela and Hep G2 by Gloydius brevicaudus venom (IR %)

0.5 1 2 4 8 16 32 64 128
pg/ml pg/ml ug/ml ug/ml ug/ml ug/ml ug/ml png/ml png/ml
Hela 0.8140.02 0.5420.03 0.8320.05 5.8530.47 57.5643.32 8444.32 980.82 99.44390.25 99.7840.09
Hep G2 0.8930.03  0.4440.09 0.89#.04 5.78#).66 27.56+.73 75.164291 90.1740.80  93.60+.12 94.03+.11
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Figure 3 Logarithmic response after conversion and Figure 4 Logarithmic response after conversion and
Confidence limit of Hela Confidence limit of Hep G2.
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3.4. Effect of snake venom on Cell migration

After 48 hours, the control group of Hela cells exhibited
a migration rate of 45.61%, whereas the experimental
group showed a significantly reduced migration rate of
1.48% (Table 2). Similarly, in the Hep G2 cell line, the
control group had a migration rate of 40.81%, while the
experimental group exhibited a migration rate of 6.96%
(Table 2). These results indicate a significant difference
in migration rates between the experimental and control

Figure 5 Hela cell migration experiment. Note: A. Control
group scratch start; B. Control group incubated for 48 hours
after scratching; C. Experimental group scratch start; D.
Experimental group incubated for 48 hours after scratching (10
X 10).

Figure 6 Hep G2 cell migration experiment. Note: A. Control
group scratch start; B. Control group incubated for 48 hours
after scratching; C. Experimental group scratch start; D.
Experimental group incubated for 48 hours after scratching (10
X 10).

Table 2 Cell migration rate (%)

Hela Hep G2
Contorl Venom Contorl Venom
50.14 1.31 43.18 6.78
migration
rate (%) 42.28 1.35 40.69 7.84
44.40 1.79 38.55 6.16
MeantSD  45.61+4.06  1.48+0.003  40.81+2.31  6.96+0.008
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Figure 7 Cell migration histogram. Note: Hela: P =0.003 <
0.05; Hep G2: P=0.001 < 0.05.

3.5 The damage effect of snake venom on
cellular DNA

Hoechst 33258 staining was used to stain Hela and Hep
G2 cells after 24 h of the venom exposure, and both
tumour cells showed nuclear chromatin condensation
(Figure 8).

A B

Figure 8 Hoechst 33342 fluorescent dye staining of nuclei.
Note: A. Hela; B. Hep G2; Both cell lines showed dense and
intense staining (10 X 40).

4. Discuss

The main components of snake venom are proteins,
accounting for 88.45% of the dry matter of snake venom,
of which the main molecular weights of the proteins in
the venom are 25 kDa and 15 kDa (SDS-PAGE
electrophoresis). The toxicity of snake venom proteins to
Hela and Hep G2 cells was shown in two ways: firstly,
inhibition of cell migration at low concentrations (4
pg/ml); secondly, inhibition of cell proliferation or
induction of cellular DNA condensation at high
concentrations. The effect of the inhibition of
proliferation is that the higher the concentration the
greater the inhibition®. Tumour cells no longer
proliferate means that the tumour no longer grows, which
is of great significance in the treatment of tumours.
Inhibition of tumour cell migration is the key to curbing
the metastasis of tumour cells in vivo, which in turn can
prolong the survival time of patients after tumour surgery.
DNA condensation is the initial stage of DNA
fragmentation and is a sign of DNA damage. DNA
damage is a necessary condition for apoptosis, which
suggests that the Gloydius brevicauda venom may have a
potential mechanism for inducing apoptosis®!?l.

5. Conclusion

Based on the above experimental analysis, the venom of
Gloydius ~ brevicaudus can not only inhibit the
proliferation and migration of tumor cells, but also
induce cell apoptosis.
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