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Abstract: The snail serves as a well-documented traditional Chinese medicine for many diseases. However, there has been no 

report for the potential benefit, especially the neuroprotective effect of the snail polypeptide mixtures (SPM). We made 

preliminary attempt to explore the protective effect of SPM against cell damage induced by H2O2 in neuroblast-drived cell line 

SH-SY5Y. In the present study, H2O2 at the concentration of 1.54 mmol/L significantly induced nuclear condensation, MMP 

dissipation and decreased expression of PCNA and BDNF. SPM at the concentartion of 39 mg/L and 156 mg/L improved 

morphological changes of nucleus and MMP dissipation induced by H2O2, which was associated with significantly increased 

expression of PCNA and BDNF. SPM could protect SH-SY5Y cells from apoptosis induced by H2O2, which holds promise as a 

novel drug for the treatment of neurodegenerative diseases. 
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1. Introduction 

It has been widely demonstrated that oxidative stress plays 

an important role in many neurodegenerative diseases [1, 2]. 

Oxidative injury is induced by reactive oxidative species 

(ROS) which attack bio-macromolecules, such as proteins, 

DNA and lipids. One of the most characterized ROS, 

hydrogen peroxide (H2O2) is generated in redox processes, 

and a major mediator of oxidative stress, which could lead to 

apoptosis in a variety of cell-types by lipid peroxidation as 

well as protein and DNA oxidation [3]. Moreover, H2O2 has 

also been suggested to be a messenger in intracellular 

signaling cascades [4]. 

Brain-derived neurotrophic factor (BDNF) is a member of 

the neurotrophic family and probably the most abundant 

neurotrophic factor in the central nervous system, and 

contributes to neuronal survival, growth and differentiation 

[5]. BDNF plays an important role in long-term potentiation 

and memory formation [6]. The deficiency in the regulation of 

BDNF are involved in a number of neurodegenerative and 

neuropsychiatric disorders [7]. 

Proliferating cell nuclear antigen (PCNA) plays an 

important role in DNA synthesis, especially in triggering cell 

proliferation [8]. It has been shown that PCNA is a 

processivity factor for DNA polymerases delta and epsilon, 

and is essential for both DNA replication and repair [9]. PCNA 

is required in the resynthesis step of nucleotide excision repair. 

In quiescence fibroblasts, the amount of nuclear-binding 

PCNA increases in a dose dependentmanner when treated with 

methyl methane sulfonate and H2O2, suggesting that PCNA 

might be involved in post-damage DNA repair [10]. An in vivo 

study by Okada et al showed that the exposure of old mice to 

UV light for one week result in the increase of PCNA in 

pyramidal cells, suggesting that the expression of PCNA 

might also be involved in DNA damage and repair in 

neurological organs [11]. 

Achatina fulica is a special of large land snail with soft body 

which is rich in proteins such as snail polypeptides (SP), vitamins 

and polysaccharides. The species serves as a popular food 

worldwide, and also a well-documented traditional Chinese 
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medicine for many diseases such as diabetes and hypertension. 

However, there has been no report for the potential benefit, 

especially the neuroprotective effect of the snail polypeptide 

mixtures in experimental setting. In the present study, we made 

preliminary attempt to explore the protective effect of SPM 

extracted from Achatina fulica against cell damage induced by 

H2O2 in neuroblast-drived cell line SH-SY5Y. 

2. Materials and Methods 

2.1. Reagents 

Achatina fulica was purchased from Luoyang Lver 

Agricultural Science and Technology Co. Ltd. (Henan, China). 

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium 

bromide (MTT) and Rhodamine123 were purchased from 

Sigma (St. Louis, MO, USA). DMEM medium and fetal calf 

serum were purchased from GIBCO Chemical Co (Grand 

Island, NY. USA). Mouse monoclonal antibody against human 

PCNA (BM0104) and rabbit polyclonal antibodies against 

BDNF (BA05651 and BA0665-2, for IH and WB, respectively) 

were purchased from Wuhan Boster Bio-engineering Limited 

Company (Hubei, China). Streptavidin-Peroxidase 

Immunohistochemistry kit (ZYMED, USA) was purchased 

from Bioss (Beijing, China). DAB Horseradish Peroxidase 

Color Development Kit was purchased from Dingguo 

Changsheng Biotechnology Co. Ltd. (Beijing, China). All other 

chemicals were of analytical grade and commercially available. 

2.2. Purification of Snail Polypeptide 

Fresh raw tissues of Achatina fulica (200g) were cut into small 

pieces, and then collected into tubes with 500 mL of precooled 

acetic acid solution (pH 3.5). After homogenization with a 

colloidal mill, the supernatant was obtained by centrifugation at 

5500 rpm for 10 min at 4°C. The purification of snail polypeptide 

was performed as described previously [12]. 

2.3. Cell Culture 

SH-SY5Y cells were grown in DMEM supplemented with 

10% (v/v) heat-inactivated newborn calf serum and 2 mM 

glutamine in a humidified atmosphere with 5% CO2 at 37°C. 

The cells were sub-cultured every 2 days. 

2.4. Determination of Cell Viability by MTT 

Assay. 

Cell viability was determined by measuring the 

dehydrogenase activity retained in the cultured cells through the 

MTT assay. The cells were plated at a density of 4×10
4
 

cells/mL in 96-well plates for 8 replicates and incubated for 1 

day. The cells were then incubated for 24 h in fresh medium 

without newborn calf serum in the presence of SPM for 24 h 

before the treatment with H2O2 for another 24 h. The cells were 

then incubated with 5 mg/mL MTT (25 µL/well) in 10% FBS 

DMEM medium for 4 h at 37°C. The MTT-containing medium 

was removed and the intracellular purple was dissolved in 

DMSO for quantification at 490 nm with a microplate reader. 

2.5. Assessment of Apoptosis by Hoechst 

33342 Staining 

For detection of apoptosis, Hoechst 33342 staining was 

employed to visualize the apoptotic nucleus. After treatment, 

cells were washed three times with phosphate-buffered saline 

(PBS), and stained with 5 µg/mL Hoechst 33342 in PBS at 

37°C for 30 min. Apoptotic cells were characterized by the 

condensed or fragmented nuclei, as visualized using a 

fluorescence microscope (Olympus, Melville, NY, USA). 

2.6. Mitochondrial Membrane Potential 

Change 

To determine mitochondrial membrane potential change, 

the experimental SH-SY5Y cells were stained with Rh-123, a 

cationic fluorescent dye. Briefly, SH-SY5Y cells were 

cultured in a Petri dish, after each treatment cells were stained 

with Rh-123 (10 M) in PBS for 30 min at room temperature 

then washed three times with PBS, the cells were observed 

with a fluorescence microscope, and the fluorescence intensity 

of at least eight fields per dish was analyzed with an Alpha 

Ease FC imaging system (Alpha Imager 2200, Alpha 

Innotech). 

2.7. Morphological Analysis and 

Fluorescence Immunohistochemistry 

Staining 

Glass cover slips were placed in 6-well plates (Greiner 

Bio-One, Germany), and cells were seeded onto the cover 

slips. After treatment, the cover slips were fixed with 4% 

paraformaldehyde and then washed 3 times with 0.01 M PBS. 

After that, the cover slips were incubated with 0.5% Triton 

X-100 in PBS for 15 min at 22°C and washed with PBS. After 

incubation with primary antibodies overnight at 4°C, the cover 

slips were incubated with secondary antibodies. Stained cells 

were mounted and imaged by using a Nikon inverted 

microscope. Densitometry analysis was performed with Image 

pro-plus 6.0 software. 

2.8. Western Blot Analysis 

Whole cell extracts were prepared in lysis buffer (50 mM 

HEPES, pH 7.4, containing 150 mM NaCl, 1% TritonX-100, 

0.4% SDS, 5 mg/ml aprotinin, 5 mg/ml leupeptin, 1mM 

PMSF, 1 mM DTT, 1 mM Na3VO4, and 1 mM NaF). After 

centrifugation at 3,000 g for 20 min, the supernatants were 

collected for western blot analysis. The total protein 

concentration of the supernatants was determined with 

Lowry method. Equal amounts of protein were 

electrophoresed on 10% SDS-PAGE and transferred to 

nitrocellulose membranes. Non-specific binding was 

blocked with 5% BSA in TBST (20 mM Tris-HCl, pH 7.5, 

containing 137 mM NaCl, and 0.1% Tween 20). The 

membranes were then incubated with antibody for PCNA or 

BDNF at 4°C overnight. followed by incubated with 

anti-mouse IgG conjugated to horseradish peroxidase for 1.5 

h at room temperature. The blots were developed using the 
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ECL detection system with β-actin as the internal standard. 

2.9. Statistical Analysis 

All of the data are expressed as the mean ± standard 

deviation (SD). The values obtained before and after treatment 

within each group were analyzed using paired Student’s t test. 

All statistical analyses were performed using SPSS 17.0 

(SPSS Inc., Chicago, IL, USA). All P values were 2 sided, and 

P < 0.05 was considered statistically significant. 

3. Results 

3.1. The effect of H2O2 on the Cell Viability of 

SH-SY5Y Cells 

As can be seen from Figure 1, the viability of SH-SY5Y 

cells decreased in a dose-dependent manner when treated with 

0.25-6.0 mM H2O2 for 24 h- The IC50 of H2O2 in SH-SY5Y 

cells was 1.54 mM as calculated from the dose-response curve. 

Based on the results of MTT assay, the cells were further 

treated with 1.54 mM H2O2 for 24 h and the results showed a 

47.65 ± 3.52% loss of cell viability (Figure 1). Pretreatment 

with SPM for 24 h at the concentration ranging from 39 

mg·L
-1

 to 1250 mg·L
-1

 significantly reduced the cell death (P 

< 0.05) induced by H2O2, and the effect of SPM was in a 

dose-dependent manner (Figure 2). 

 

Figure 1. The effect of H2O2 on the viability of SH-SY5Y cells. 

SH-SY5Y cells were treated with H2O2 at indicated 

concentration for 24 h, and cell viability was measured by 

MTT assay. 

 

Figure 2. Pretreatment with SPM protects SH-SY5Y cell from death induced by 

H2O2. Cell were pretreated with SPM at indicated concentration for 24h, 

followed by 1.54 mM H2O2 treatment for 24h. Cell proliferation was measured 

by MTT assay. A: H2O2; B:39mg·L-1 SPM followed by H2O2; C:78 mg·L-1 SPM 

followed H2O2; D:156 mg·L-1 SPM followed H2O2. E:312.5 mg·L-1 SPM 

followed H2O2. F:625 mg·L-1 SPM followed H2O2. G:1250 mg·L-1 SPM 

followed H2O2, *P<0.05, **P<0.01 compared with H2O2 group. 

3.2. The effect of SPM on the apoptosis of 

SH-SY5Y cells induced by H2O2 

We chose 39 mg·L-1 as a low dose SPM (SPM-L) and 156 

mg·L-1 as a high dose SPM (SPM-H) to evaluate the effect 

on viability of SH-SY5Y cells visualized with Hoechst 

33342 staining. As shown in Figure 3, the control cells 

showed intact nuclei. Incubation of SH-SY5Y cells with 1.54 

mM H2O2 for 24 h resulted in perinuclear chromatin 

condensation and especially nuclear fragmentation, which 

are characteristics of apoptotic nuclei. These apoptotic 

changes were significantly reduced in the cells pretreated 

with both SPM-L and SPM-H for 24 h before H2O2 exposure 

(Figure 3), indicating a protective effect of SPM on the 

neuroblast cells. 

 

Figure 3. Representative photomicrographs of SH-SY5Y cell labelled with Hoechst 33342 (Panel A) after the indicated treatments. Fluorence intensity was 

calculated and mean (n=3) ± SD is presented (panel B). * p<0.05. 
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Numerous studies have demonstrated that the loss of 

mitochondrial membrane potential is associated with 

apoptosis. Rh-123, a mitochondrial voltage-dependent dye, 

was employed to assess the changes in mitochondrial 

membrane potential. After exposure of SH-SY5Y cells to 1.54 

mM H2O2 for 24 h, the fluorescence of Rh-123 decreased 

significantly (Figure 4), indicating the reduction of 

mitochondrial membrane potential. Pretreatment with SPM-L 

and SPM-H 24 h before H2O2 exposure resulted in a 

significant increase in mitochondrial membrane potential 

when compared with the H2O2 group (Figure 4). 

 

Figure 4. Representative photomicrographs of SH-SY5Y cells labelled with Rh-123. Panel A after 24 h exposure to indicated treatment. Fluorescence intensity 

was measured and mean (n=3) ± SD is presented (panel B). * p<0.05. ** p<0.01. 

3.3. The Effect of SPM on the Expression of 

PCNA and BDNA in H2O2-Exposed 

SH-SY5Y Cells 

The effect of SPM on the expression of PCNA and BDNA 

in H2O2-exposed SH-SY5Y cells was investigated by western 

blot analysis and immunohistochemistry. Compared with the 

control group, H2O2 treatment significantly decreased the 

expression of both PCNA and BDNA in SH-SY5Y cells 

(Figure 5 and Figure 6). Pretreatment with SPM-L and SPM-H 

24 h before H2O2 exposure restored much of the expression of 

PCNA and BDNA in H2O2-exposed SH-SY5Y cells (Figure 5 

and Figure 6). These findings were also confirmed by 

western-blot analysis (Figure 7) 

 

Figure 5. The expression of PCNA by immunochemistry in the SH-SY5Y cell (×200). A: Control; B: treated with H2O2; C: treated with SPM-L+H2O2; D: treated 

with SPM-H+H2O2. 

 

Figure 6. The expression of BDNF by immunochemistry in the SH - SY5Y cell (×200). A: Control; B: treated with H2O2; C: treated with SPM-L+H2O2; D: treated 

with SPM-H+H2O2. 
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Figure 7. Expression of PCNA and BDNF by western-blot analysis in the SH - SY5Y cells. Positive bands were measured. * p<0.05. ** p<0.01 when compared 

to the cells with H2O2 treatment only. 

4. Discussion 

Brain is a vital organ which is more susceptible to oxidative 

stress than any other organs due to its high metabolic rate and 

high content of polyunsaturated fatty acids. The imbalance 

between oxidants and antioxidants leads to disruption of redox 

signaling and oxidative stress [13]. The most common 

reactive oxygen species (ROS) include superoxide (O
2·−

), 

hydrogen peroxide (H2O2), peroxyl (ROO
·
) and reactive 

hydroxyl (OH
·
) radicals (Sies, 1997). These ROS play an 

important role in neurodegenerative diseases such as 

Alzheimer’s and Parkinson’s diseases [14]. 

Oxidative stress has also been implicated in the 

development of dopaminergic neuron apoptosis, particularly 

in Parkinsonism [15]. In this investigation, we used 

dopaminergic SH-SY5Y human neurons as an in vitro model 

to assess the potential neuroprotective effect of SPM on 

oxidative stress by the exposure of H2O2. We found SPM had 

significant protective effects against H2O2 induced cell death, 

MMP dissipation and decrease in the expression of PCNA and 

BDNF. Pretreatment with SPM significantly decreased 

hydrogen peroxide-induced morphological change of nucleus 

and MMP dissipation. Immunohistochemistry and 

western-blot analysis demonstrated that SPM also prevents 

H2O2-related decrease in expression of PCNA and BDNF. 

These data suggest that SPM-provided neuron protection is 

possibly achieved through PCNA and BDNF up-regulations. 

PCNA is a DNA clamp and involved in many aspects of DNA 

replication-linked processes [16, 17]. BDNF, a member of the 

neurotrophic factor family, has been shown to promote 

survival and maintain proper function of neuronal population 

[18]. By examination of cell apoptosis, we found that SPM 

pretreatment suppressed H2O2-induced apoptosis and other 

forms of cell death. In addition, we demonstrated that this 

effect was associated with up-regulation of PCNA and BDNF. 

Taken together, these results for the first time provide 

evidence suggesting that SPM may exert its preventive effect 

of cell apoptosis on neuroblasts by increasing the expression 

of PCNA and BDNF. The results may provide insights for 

potential development of treatment to neurodegenerative 

diseases. To the best of our knowledge, this is the first study of 

the SPM on the protective effect on neurons. The results 

indicate that SPM has potential as a new drug candidate for 

neuro-degenerative diseases. Further studies are needed to 

identify the active ingredients from SPM for the development 

of more effective drug in the treatment of neurological 

disorders. 

5. Conclusion 

The snail polypeptide mixtures (SPM) could protect 

SH-SY5Y cells from apoptosis induced by H2O2, which holds 

promise as a novel drug for the treatment of 

neurodegenerative diseases. 
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