
a*erhu1999@126.com; bf.marklloyd.dapar@cmu.edu.ph; c*zhangxuezhong926@126.com
 

Toxicity study of Gloydius brevicaudus venom on Hela and Hep 
G2 cells 

Jianguo Hu12a⁎, Mark Lloyd G. Dapar145b, Xuezhong Zhang13c⁎ 

1. Biology Department, College of Arts and Sciences, Central Mindanao University, Musuan, Maramag, Bukidnon 8714, Philippines 
2.School of nursing, Anhui Sanlian University, Hefei, Anhui, China 
3.Department of Laboratory Medicine, Zibo Central Hospital, Zibo, Shandong, 255036, China 
4. Center for Biodiversity Research and Extension in Mindanao, Central Mindanao University, Musuan, Bukidnon 8714, Philippines  
5. Microtechnique and Systematics Laboratory, Natural Science Research Center, Central Mindanao University, Musuan, Bukidnon 8714, 

Philippines 

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 µg/ml and 12.276 µg/ml, respectively. Furthermore, at a concentration of 4 µg/ml, the 

venom was able to inhibit the migration of tumor cells. Cell nuclear fluorescence staining revealed that the 

venom at concentrations of 8 µg/ml and 12 µg/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 

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 

dose (depending on the size of the snake). It is found 

mainly in China, Korea and North Korea[1,2]. 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[3]. In recent years, 

researchers have isolated anti-tumor components from 

various snake venoms. However, there is limited 

research available on the cytotoxicity of Gloydius 

brevicauda venom towards tumor cells. Thus, this study 

aimed to expand the understanding of the physiological 

activity of Gloydius brevicauda venom[4]. 

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[4]. 

2. Materials and Methods 

2.1. Materials 

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 ℃ for backup after 

low-temperature drying. The Hela and Hep G2 cell lines 

were purchased from Wuhan Pronosai Life Sciences Co., 

China. 

2.1.2. Main instruments and consumables 

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 ℃, 5% 

CO2 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 1X105 cells/well in a 

96-well plate and incubated at 37 ℃ with 5% CO2 for 24 

hours. Both a control group and a snake venom group 

were established. The snake venom group had 

concentrations of 128 μg/ml, 64 μg/ml, 32 μg/ml, 16 

μg/ml, 8 μg/ml, 4 μg/ml, 2 μg/ml, 1 μg/ml and 0.5 μg/ml, 

with 6 replicate wells and 3 replicates. The inhibition rate 

was calculated by measuring the absorbance at MTT 

after 48 hours[5]. 

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 µg/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 

software[6]. The cell migration rate is calculated using the 

following formula: (Area at 0-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% 

CO2 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 8µg/ml 

of venom, while Hep G2 cells were cultured with a 

concentration of 12 µg/ml of venom. The cells were 

incubated at 37 °C with 5% CO2 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% CO2 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 µg/ml, the cells 

exhibited aggregation and a decrease in adhesion ability 

(Figure 2). At 16 µg/ml, the cells started to detach and 

float, and at 32 µg/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 µg/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 µg/ml, the cells displayed aggregation 

and reduced adhesion ability (Figure 2). At 16 µg/ml, the 

cells started to detach and float, and at 64 µg/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 

µg/ml (Figure 4) [7]. 

 

Figure 1 SDS-PAGE electrophoresis of snake venom. Note: 1: 

Mark; 2A: sample 15 µl; 2B: sample 3 µl; 2C: sample 10 µl; 

2D: sample 6 µl. 

 

 

Figure 2 Morphology of Gloydius brevicaudus snake venom 

after its action on Hela and Hep G2 cells. Note: A. Hela cell 

morphology (4 µg/ml); B. Hep G2 cell morphology (8 µg/ml) 

(10 X 10). 

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

 
0.5 

µg/ml 

1 

µg/ml 

2 

µg/ml 

4 

µg/ml 

8 

µg/ml 

16 

µg/ml 

32 

µg/ml 

64 

µg/ml 

128 

µg/ml 

Hela 0.81±0.02 0.54±0.03 0.83±0.05 5.85±0.47 57.56±3.32 84±4.32 98±0.82 99.44±0.25 99.78±0.09 

Hep G2 0.89±0.03 0.44±0.09 0.89±0.04 5.78±0.66 27.56±1.73 75.16±2.91 90.17±0.80 93.60±1.12 94.03±1.11 

 

 

Figure 3 Logarithmic response after conversion and 

Confidence limit of Hela 

 

Figure 4 Logarithmic response after conversion and 

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 

groups for both cell lines (Figure 5, 6 and 7). 

 

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 

migration 

rate (%) 

50.14 1.31 43.18 6.78 

42.28 1.35 40.69 7.84 

44.40 1.79 38.55 6.16 

Mean±SD 45.61±4.06 1.48±0.003 40.81±2.31 6.96±0.008 

 

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). 

 

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 

µg/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[8]. 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[9,10]. 

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. 

Acknowledgments 

This work was supported by the Innovation and 

Entrepreneurship Program for College Students of Anhui 

Province Education Department, China (No. 

S202210959202 and S202210959205) and the Natural 

Science Program of Anhui Sanlian University, China (No. 

PTZD2023008). 

4

BIO Web of Conferences 72, 02005 (2023)   https://doi.org/10.1051/bioconf/20237202005
ICFSB 2023



References 

1. Zhao Ermi. (2006). Chinese Snakes (Part 1). Anhui 

Science Press. 

2. Huang Song. (2021) A pictorial guide to the snakes 

of China. Strait Book Bureau. 

3. Tran TV, Siniavin AE, Hoang AN, et al. (2019) 

Phospholipase A2 from krait Bungarus fasciatus 

venom induces human cancer cell death in vitro. 

PeerJ, 7: 105-118. 

4. Tian DH, Lu LM, Zhi H, et al. (2020) AHVAC-Ⅰ 

inhibits the proliferation in human primary gastric 

cancer cells.Chinese Journal Clinical Pharmacology, 

25:505-511. 

5. Xiong Y, LB, He QY, et al. (2019) Inhibitory Effect 

of Deinagkistrodon acutus Venom on Human 

Ovarian Cancer Cell Line A2780. Journal of 

Chongqing Normal University (Natural Science), 

169:140-145. 

6. Kadi-Saci, A., & Laraba-Djebari, F. (2020) 

Purification and characterization of a thrombin-like 

enzyme isolated from Vipera lebetina venom: its 

interaction with platelet receptor. Blood coagulation 

& fibrinolysis, 31(1), 1–10.  

7. Soares, T. G., Santos, J. L. D., Alvarenga, V. G., 

Santos, J. S. C., Leclercq, S. Y., Faria, C. D., 

Oliveira, M. A. A., Bemquerer, M. P., Sanchez, E. O. 

F., de Lima, M. E., Figueiredo, S. G., & Borges, M. 

H. (2020) Biochemical and functional properties of a 

new l-amino acid oxidase (LAAO) from Micrurus 

lemniscatus snake venom. International journal of 

biological macromolecules, 154, 1517–1527.  

8. Constantinou, E., Sarris, D., Psichoudaki, M., 

Cabello, J.,& Vogiatzakis, I. N. . (2023) How can 

ecosystem engineer plants boost productivity in east 

mediterranean drylands. Ecological Processes, 

12(1).114-119. 

9. Zhang Honghong, Yu Bing, He Yu, Yang Zhangmin. 

(2010) Research progress of snake venom. Shanxi 

Agricultural science, (2), 4. 

10. Li, L., Huang, J., & Lin, Y. (2018) Snake Venoms in 

Cancer Therapy: Past, Present and Future. Toxins, 

10(9), 346.  

5

BIO Web of Conferences 72, 02005 (2023)   https://doi.org/10.1051/bioconf/20237202005
ICFSB 2023


