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Abstract:  

Our study aimed to investigate the protective role of SDAPR on cisplatin-induced cytotoxicity and 

its' possible mechanism in HEK293 cells. Cell viability was measured by MTT assay. Oxidative 

stress (SOD, GSH, LDH, and MDA), inflammatory factors (TNF-α and IL-6) and 

apoptosis-related proteins (caspase-3, Bax, Bcl-2) expression were measured. The apoptotic cells 

were observed by TUNEL staining. Our study results indicated that non-cytotoxic levels of 

SDAPR significantly increased viability rate (LD50 value of cisplatin is 20 μM), which improved 

antioxidant defense, attenuated apoptosis by decreasing expression levels of cleaved-caspase-3 

and Bax, increasing Bcl-2 expression, and inhibiting apoptotic positive cells in HEK 293 cells. In 

addition, SDAPR treatment markedly inhibited the levels of TNF-α and IL- 6. In conclusion, Sika 

deer antler protein, a potential modulator, could alleviate cisplatin-induced cytotoxicity in HEK 

293 cells. 
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1.Experimental 

1.1 Extraction of the sample 

Samples of Sika deer antler powder (100.0 g, lot No. 20160525), purchased from Shuangyang 

deer farm (Changchun, China) and verified by Dr. Zhang Jing, were put into 400 mL ethanol water 

(50% v/v), then it was extracted by water bath at 85°C for 4 h, the extractions were filtered and 

collected, repeated three times. Next, the extracted solution was settled at 4°C overnight. Then, the 

sediment was collected and lyophilized by freeze dryer (Telstar, Spain). Finally, SDAPR was 

attained. 



1.2 Cell culture 

HEK 293 cells purchased from ATCC and stored at Laboratory of Molecular Biology in Jilin 

Agricultural University were used in vitro. HEK 293 cells were cultured in Dulbecco's modified 

Eagle's medium (Hyclone, USA) with 10% fetal bovine serum (Clark, China) and 1% 

penicillin/streptomycin (Hyclone, USA). The cells were maintained in humidified incubator with 

5% CO2 at 37°C. The cells were subcultured every other day. 

1.3 Cell viability test 

Cell viability was assessed by MTT assay. In short, HEK 293 cells were seeded in 96-well 

configuration. Cells were incubated for overnight in incubator. After an appropriate incubation 

period, cells were pretreated with various concentrations of cisplatin (Shanghai Civi Chemical 

Technology, China) or SDAPR for 24 h, then 20 μL MTT (5 mg/mL, Biotopped, China) added and 

cultured for 4 h. Next, 150 μL DMSO (Shanghai Civi Chemical Technology, China) was added to 

each well, and the plates were agitated for 10 min. Finally, the absorbance was measured at 490 

nm using a microplate reader (Nano, Germany). 

1.4 Determination of oxidative stress markers 

To evaluated oxidative stress markers in HEK 293 cells, such as SOD, GSH, LDH, and MDA. 

HEK 293 cells were collected after experiment period. The protein concentrations were 

determined using BCA protein assay kit with the absorption band of 562 nm (Beyotime 

Biotechnology, China). According to the manufacturer's instructions, we examined the activities of 

SOD and LDH; the levels of GSH and MDA in HEK 293 cells. All commercial kits were 

purchased from Nanjing Jiancheng Biotech. Co. Ltd. (Nanjing, China). 

1.5 Measurement of inflammatory cytokines 

After treatment period, RIPA lysis buffer (Beyotime Biotechnology, Shanghai, China) containing 1 

mM PMSF (Beyotime Biotechnology, Shanghai, China) was added, the lysate was collected and 

centrifuged at 12,000 g, 4°C for 10 min. Then, according to Human ELISA kits manufacturer’s 

instructions strictly, TNF-α and IL-6 were measured. All ELISA kits were purchased from 

Shanghai Lengton Bioscience Co., Ltd. (Shanghai, China). 

1.6 Western blot analysis  

After treatment period, the cells were washed with cool PBS (Hyclone, USA) and solubilised with 



RIPA lysis buffer containing 1 mM PMSF. The lysate was collected by scraping from the plate and 

then centrifuged at 10,000 g, 4°C for 5 min. BCA protein assay kit was used for quantifying 

protein concentrations. Next, loading buffer (×2) was added. Then, the samples were thermally 

denatured. The samples (20 μL/well) were loaded on 12% SDS-polyacrylamide gel for 

electrophoresis, and transferred to PVDF membranes ( DingGou Biotechnology, Beijing, China) at 

80 V for 60 min. The membranes were blocked with 5% skim milk at 4°C overnight. Then, the 

membranes were washed and incubated with the primary rabbit antibodies of caspase-3 (1:1000, 

Abcam, UK), Bax (1: 500, Boster, China), Bcl- 2 (1: 500, Boster, China) and β-actin (1: 500, 

Bioss, China) at room temperature for 2 h. Next, we washed the membranes and incubated with 

horseradish peroxidase conjugated secondary antibodies at room temperature for 2 h and the bands 

were visualized by ECL kit (Solarbio, Beijing, China）according to the manufacturer's instructions 

and analyzed by Image pro plus. 

1.7 TUENL assay 

According to TUNEL apoptosis detection kit (Nanjing Jiancheng Biotech, China) manufacturer's 

protocol, the apoptosis cells were measured strictly.  

2. Statistical analysis 

All data were presented as means ± SD and analyzed using SPSS 19.0 software. Differences 

between the control and the treatment groups were determined using ANOVA followed by 

Dun-can's multiple tests. P<0.05 and P<0.01 were used as the criterion for statistical significance. 

Figure legend 

 

Fig. S1 Effect of cisplatin or SDAPR on HEK 293 cells viability. (A) The cells treated with cisplatin (0, 5, 10, 20, 

40, 80, 160, 320, 640 μM) for 24 h. (B) The cells treated with SDAPR (0, 25, 50, 100, 200, 400, 800, 1600, 3200, 

6400 μg/mL) for 24 h. Data are means ± SD (n = 3). **P<0.01 vs. Control group. 



 

Fig. S2 The effects of SDAPR treatment on cisplatin-induced cytotoxicity in HEK 293 cells. Data are means ± SD 

(n = 3). **P<0.01 vs. control group. ##P<0.01 vs. cisplatin group. 

 

Fig. S3 Effect of SDAPR treatment on cisplatin-induced oxidative stress parameters in HEK 293 cells. Values are 

expressed as means ± SD (n = 3). **P<0.01 vs. control group. #P<0.05 vs. cisplatin group. ##P<0.01 vs. cisplatin 

group. 

 

Fig. S4 Effects of SDAPR treated on cisplatin-induced inflammatory parameters in HEK 293 cells. 

Values are expressed as means ± SD (n = 3). 
**

P<0.01 vs. control group. 
##

P<0.01 vs. cisplatin 

group. 

 



 

 

Fig. S5 Effect of SDAPR treated on cisplatin- induced apoptosis in HEK 293 cells. (A) Cleaved-caspase 3, Bax, 

and Bcl-2 activities are determined by western blotting. (B) Effect of SDAPR on the apoptosis in HEK 293 cells. 

The apoptosis positive cells (indicated by arrows) were detected by TUNEL staining. (a) is control group; (b) is 

cisplatin group; (c)- (e) are vary concentrations of SDAPR experience group. Values are presented as mean ± SD 

(n=3),**P<0.01vs. control group;  ##P<0.01 vs. cisplatin group. 

 

Fig. S6 Schematic representation of pathophysiological events on cisplatin-induced cytotoxicity. Cisplatin 

accumulates in HEK 293 cells. And then, this accumulation lead to product immune cell cytokine, decrease 



antioxidant enzyme activity, and release proapoptotic factors. Those reasons result in oxidative stress, 

inflammation and apoptosis. Finally, the activation of these pathological pathways and HEK 293 cells death 

ultimately. 

 

 


