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Abstract 

Snail mucus is significant in promoting wound healing, however, its active components and their 

mechanisms are partially understood. The present study isolated and hydrolyzed snail mucus via 

trypsin to obtain snail mucus active peptides (SMAP). The SMAP was analyzed via liquid 

chromatography mass spectrometry and bioinformatics screening,an active peptide EK-12 

(molecular weight, 1366.2 Da) comprising 12 amino acids was screened from the candidate peptides 

and synthesized through the solid-phase approach. In vitro functional verification showed that EK-

12 significantly promoted the proliferation, migration, and tube formation ability of endothelial 

cells.In vivo experiment showed that EK-12 significantly accelerated the wound healing process on 

mice. Pathological examinations showed significantly upregulated expression of CD31 and vascular 

endothelial growth factor in wound tissues, suggesting this as the mechanism by which the active 

peptide promoted angiogenesis and wound healing. Thus, the active peptide screened from snail 

mucus showed a great potential in developing therapeutic agent for wound healing. 

Keywords: snail mucus;active peptides; endothelial cells; proliferation; wound healing 

 

1. Introduction 

Skin is the largest organ of human body, which prevents from external injury and infections[1]. 

Skin injury is often caused by trauma, surgery, infection, and diseases, such as diabetes. The natural 

healing process of skin injury is relatively slow and wound infection is often prone to occur. Thus, 

the discovery of bioactive components and explore its therapeutic mechanism is a hot topic of 

academic research[2]. 

Skin injury repair and regeneration is a complex process, consisted of mainly four stages, 

including hemostasis, inflammation, proliferation, and remodeling[3].The activation of various cells 

such as endothelial cells (ECs), fibroblasts, and macrophages, as well as the synchronous interaction 

of cytokines and growth factors, are involved[4]. Angiogenesis is crucial in wound healing, as local 

injury-induced hypoxia and inflammatory factors stimulate EC proliferation and migration, 

gradually forming new epithelium, blood vessels, and granulation tissue. The newly formed capillary 

network provides oxygen, nutrients, and immune cells to the damaged tissue while facilitating the 

removal of metabolic waste, promoting wound healing[5-8]. 

Snail mucus has a long history of application in wound management. Current evidence suggests 

that snail mucus enhances fibroblast proliferation and migration, likely through the induction of 

interleukin-8 (IL-8) and other unidentified growth factors, thereby directly or indirectly accelerating 
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wound closure[9]. Furthermore, snail mucus-treated wounds demonstrate upregulated expression of 

angiogenic genes and enhanced matrix deposition, indicating its regulatory role in angiogenesis[10] 

.   

Our previous review on its chemicals found that snail mucus contains abundant natural 

collagen, allantoin, proteins, and glycosaminoglycans[11]. Recent studies reported that the mucin 

and polysaccharides promoted the wound healing process via functioning as adhesive agent[12,13]. 

Dolashki.et al reported various peptides identified from snail mucus showing antimicrobial 

activities[14].Despite these advances, the specific bioactive components and molecular mechanisms 

underlying snail mucus’s therapeutic effects remain poorly understood. Therefore, the present study 

aimed to screen snail mucus active peptides (SMAPs) for wound healing and explore its potential 

mechanism. The results will provide the basis the development of natural drugs to promote wound 

healing in the future. 

2. Materials and Methods 

2.1. Preparation of Snail Mucus Lyophilized Powder 

Fresh adult Achatina fulica snails with a body mass of over 20 g each were provided by Qianfu 

Company (Jiaxing, China), repeatedly rinsed with tap and distilled water, and placed in a rotating 

drum to stimulate mucus secretion. The collected mucus was dissolved in ultrapure water, 

centrifuged at 5,000 × g for 10 min, and filtered through a 0.45-μm aqueous membrane to remove 

impurities. The supernatant was centrifuged at 3,000 × g for 10 min, lyophilized, and stored as a 

lyophilized powder. 

2.2. Enzymatic Hydrolysis of Snail Mucus 

Lyophilized snail mucus powder (300 mg) was dissolved in 30 mL of 0.2 M disodium hydrogen 

phosphate-0.1 M citrate buffer (pH=6.8). Trypsin (6 mg, 2,500 U/mg activity) was added, and the 

mixture was incubated in a water bath at 37 °C for 4 h. Subsequently, 10 mL of the reaction solution 

was heated at 100 °C for enzyme inactivation and centrifuged at 5,000 × g for 10 min. The supernatant 

was collected and then lyophilized to obtain a mixture containing snail mucus active peptides SMAP. 

2.3. Screening and Synthesis of SMAP 

The protein mixture of enzymatically hydrolyzed snail mucus was subjected to a standardized 

process of liquid chromatograph-mass spectrometry (Bruker timsTOF, USA) for proteomics studies 

and bioinformatics analysis.Then, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway 

enrichment analysis was used to annotate the function of the identified peptides. Peptides involved 

in the "Cell Growth and Death" regulatory pathway were selected and synthesized by Temic Biotech 

(Suzhou, China).The peptide was purified by high performance liquid chromatography (HPLC) and 

verified by mass spectrometry for molecular weight consistency (molecular weight error <0.1 Da). 

Peptides were stored as lyophilized powder and stored at -20 ℃, named as EK-12.  

2.4. Cell Culture and Proliferation Assay 

Human umbilical vein endothelial cells (HUVECs,Zhong Sheng, Beijing, China) were thawed 

and cultured in an endothelial cell medium (ECM) supplemented with 10% fetal bovine serum (FBS). 

Cells were passaged at 80–90% confluence and maintained for subsequent experiments. EK-12 were 

dissolved in sterile phosphate-buffered saline (PBS) to prepare drug solutions at concentrations of 

10-3,000 μg/mL, using low (10-250 μg/mL) to high (500-3000 μg/mL) dose ranges to assess dose-

dependent effects. 

HUVECs were seeded into 96-well plates (100 μL/well) and pre-cultured for 24 h in a 37 °C, 5% 

CO₂ incubator to ensure adhesion.Subsequently, the cells were then treated with SMAPs at varying 

concentrations or with a drug-free medium (control) for 24 h, with six replicates per group. After 
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treatment, 10 μL of cell counting kit-8 (CCK-8) reagent was added to each well, followed by a 2-h 

incubation. Absorbance at 450 nm was measured using a microplate reader to calculate cell viability. 

2.5. Cell Scratch Test 

HUVECs were seeded into 12-well plates at 2×10⁵ cells/well and cultured to 100% confluence. A 

sterile 200 μL pipette tip was used to create uniform scratches on the monolayer. After washing with 

PBS to remove detached cells and debris, experimental wells were treated with SMAPs at designated 

concentrations (1,000, 1,500,and 2,000 μg/mL), while were treated with a standard medium. Cell 

migration was monitored at 6, 12, and 24 h post-scratch using an inverted phase-contrast microscope. 

The cell migration rate was calculated as follows: 

𝑪𝑴(%) =
𝑺𝟎 − 𝑺

𝑺𝟎
× 𝟏𝟎𝟎%  

CM = cell migration rate;S₀ = initial scratch area; S = remaining scratch area at observation time. 

2.6. Tube Formation Assay 

Matrigel was thawed at 4 °C, diluted, and aliquoted (50 μL/well) into pre-chilled plates, avoiding 

bubble formation. The plates were incubated for 30–45 min at 37 °C to allow polymerization. 

HUVECs were trypsinized, resuspended in a medium containing SMAPs (1,500 μg/mL final 

concentration), and seeded onto the Matrigel-coated wells. The control groups were treated with a 

drug-free medium. Cells were cultured in a 37 °C, 5% CO₂ incubator, and tubular structures were 

imaged at 6, 12, and 24 h via microscopy. Tube network nodes were quantified using ImageJ software. 

2.7. Pro-Wound Healing Assay of SMAPs 

Healthy adult Kunming male mice (aged 7 weeks and weighing 30-45g) were obtained from 

Gema Gene Company (Suzhou,China,catered by license SYXK2024-0013). This study was approved 

by the Ethics Committee of the Medical Center of Soochow University (approval no.2021-210044), 

and conducted per ARRIVE guidelines. 

The mice were accommodated for 1 week, anesthetized, and subjected to dorsal hair removal 

using electric clippers and depilatory cream. The skin was disinfected with 75% ethanol, eighteen 

full-thickness circular wounds (1 cm diameter) were established on the dorsum in six mice ,which 

were randomly divided into the experimental and control groups and treated daily with 1,500 μg/mL 

SMAP or saline, respectively. The SMAP was fabricated a vaseline paste at 1,500 μg/mL and topically 

applied to mice where the control group was treated with vaseline. Wound areas were photographed 

on Days 0, 3, 7, 10 and 14 and quantified using ImageJ software,and the healing rate was calculated 

as follows: 

𝑯𝑹(%) =
𝑺𝟎 − 𝑺

𝑺𝟎
× 𝟏𝟎𝟎%  

HR=healing rate; S₀ = initial wound area; S = remaining wound area at observation time. 

2.8. Histopathological Examination 

Post-euthanasia, wound tissues were excised, rinsed in saline, and fixed in paraffin. The sections 

were stained with hematoxylin and eosin (HE) for histological evaluation. Immunofluorescence 

staining for CD31 (endothelial marker) and vascular endothelial growth factor (VEGF) was 

performed to assess microvascular density and angiogenesis. 

2.9. Statistical Analysis 

Data were analyzed via SPSS 27.0. Continuous variables were presented as mean ± standard 

deviation (SD) (normal distribution) or median (interquartile range, IQR) (non-normal distribution). 

Categorical variables are expressed as frequency (percentage) (n%). Group comparisons utilized 
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independent samples t-test (continuous data) or Chi-Square test (categorical data). Graphs were 

generated using Origin 2024, with error bars denoting SD or SEM. Statistical significance was denoted 

as:*(*P<0.05, **P<0.01, ***P<0.001). 

3. Results 

3.1. Screening and Synthesis of SMAPs  

The proteins were isolated from snail mucus and subjected to trypsin digestion to SMAPs. 

Through a standardized proteomics study process, 621 candidate peptides were identified from 

SMAPs and they were functionally annotated, as shown in Figure. 1A. Eighty-eight peptides were 

identified to be involved in basic Cellular Processes, and 12 peptides were further screened to be 

directly involved in the regulation of "Cell Growth and Death" pathways. Because small-molecular 

peptides are readily transported across the membrane and have relatively high bioavailability, a 

molecular weight threshold of <3,000 Da was set as the screening threshold. From the 12 target 

peptides, EK-12 (N-terminal sequence: EAFDDAISELEK, Figure. 1B) with a molecular weight of 

1366.2Da was selected. It was synthesized by solid-phase peptides synthesis method and purified by 

HPLC (C18 column, acetonitrile/water gradient elution), and the purity was ≧ 98%. The sequence of 

synthesized EK-12 was confirmed by MS/MS analysis(Figure 1). 

 

Figure 1. Screening and synthesis of SMAP (A). Research procedure of screening and synthesis of SMAP; (B). 

Synthetic EK-12 amino acid sequence; (B) MS/MS spectrum of synthesized EK-12. 
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3.2. Effects of EK-12 on Cell Proliferation 

Compared with that in the control group, the CCK-8 assay (absorbance at 450 nm) showed that 

the proliferative activity of HUVECs under each SMAP in the experimental group was significantly 

increased, and the difference was statistically significant (P<0.01).This proliferative effect was 

concentration-dependent and significantly increased with increasing EK12 concentration (P< 0.01). 

Notably, at 1,500 μg/mL EK-12, the proliferative ability stopped increasing with the concentration, 

and there was no statistically significant difference between 1,500 and 3,000 μg/mL (P>0.05), 

indicating that the proliferative effect plateaued at 1,500 μg/mL (Figure 2).  

 

Figure 2. EK12 promotes HUVEC proliferation in a concentration-dependent manner (A) . Phase-contrast 

images illustrating HUVECs morphology. (B). Quantitative analysis cell proliferative activity across all tested 

concentrations compared to the control group (P < 0.001). (C) Effect on cell proliferation was enhanced with 

increasing concentration. 

3.3. Effects of EK12 on Cell Migration 

Based on CCK-8 results, EK12 at 1,000, 1,500, and 2,000 μg/mL were selected for cell scratch 

assays. All concentrations significantly increased HUVECs migration rates compared that in the 

control group at 6,12, and 24 h post-scratch (P < 0.001), with concentrations greater than 1,500 μg/mL 

exerting a more significant effect; however, the 1,500 and 2,000 μg/mL groups showed no significant 

differences (P> 0.05) (Figure 3). 
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Figure 3. EK12 promote HUVECs migration. (A) Representative phase-contrast images of scratch wounds at 0-

24 h post-treatment; (B). Effect at EK12 at 1,000, 1,500, and 2,000 μg/mL significantly increased HUVECs 

migration rates compared to the control group (P < 0.001). 

3.4. Effects on Tube Formation Capacity  

Compared with the observation in saline control group, EK12 at 1,000, 1,500 and 2,000 μg/mL 

significantly increased the number of HUVECs forming tubular structures on Matrigel after 24 h in a 

concentration-dependent manner. However, there was no significant difference between the 1,500 

μg/mL and 2,000 μg/mL concentration groups (P> 0.05)(Figure.4). 
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Figure 4. EK12 promotes tube formation capacity (24-h treatment). (A) Microscopic images of tubular network 

formation by HUVECs treated with varying EK12 concentrations. (B) .Tube formation ability at different 

concentrations. 

3.5. Effects on Wound Healing and Angiogenesis  

The wounds in the EK12 groups healed completely within 14 days, and the healing speed was 

significantly faster than that in the control group (Figure 5A-C). On day 7, the HR in the EK12 groups 

was significantly higher than that in the control group (P < 0.01). Immunofluorescence analysis 

further revealed elevated expression of CD31 (endothelial marker) and VEGF (angiogenic factor) in 

SMAP-treated tissues, as evidenced by higher mean fluorescence intensity (P < 0.05 and P < 0.01, 

respectively; Figure 6). 
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Figure 5. SMAPs accelerate wound healing in a mouse model. (A) Macroscopic images of wound healing 

progression in EK12-treated and control groups. (B). Time course analysis showed that the HR in the EK12 

groups were significantly higher than that in the control group (P < 0.05,P < 0.01, P < 0.001).(C). Comparative 

wound healing profiles at key time points (Days 3, 7, 10,and 14). 
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Figure 6. SMAPs upregulates angiogenic markers in wound tissues. (A). Immunofluorescence staining of CD31 

and VEGF in EK12-treated and control tissues. EK12-treated samples exhibited markedly stronger fluorescence 

signals for both markers. (B) Semi-quantitative analysis of CD31 and VEGF expression (mean gray values) 

confirmed significant upregulation in the EK12 group (P < 0.05, P < 0.01). 

4. Discussion  

In chronic wounds, such as diabetic foot ulcers, persistent inflammation, microcirculatory 

dysfunction, and impaired ECs activity collectively suppress angiogenesis and extracellular matrix 

remodeling, significantly hindering healing[14] . Thus, protecting ECs from apoptosis and promoting 

localized vascularization are pivotal strategies in wound management[15]. Therefore, the present 

study used ECs for evaluating the effect of SMAP promoting wound healing. 

Snail mucus has abundant active peptides that promote cell proliferation and antibacterial 

effects[11,16]. In this study, an active peptide derived from snail mucus was screened and 

synthesized for the first time, which significantly enhanced the proliferation, migration and tube 

formation of ECs. In vivo, EK-12 treatment upregulated VEGF and CD31 expression, facilitating 

collagen deposition and capillary network formation, which improved local blood perfusion and 

accelerated wound healing[17]. 

Mechanistically, we hypothesized that EK-12 (EAFDDAISELEK) may activate cell surface 

receptors (e.g., VEGFR-2) through the synergistic action of multiple targets and trigger downstream 

signaling pathways such as PI3K/AKT and MAPK/ERK. These pathways regulate cell cycle 

progression, survival, and angiogenesis, ultimately contributing to functional vascular network 

formation[18-20]. These findings highlight SMAP’s potential as a therapeutic agent for ischemic 

ulcers. Furthermore, this study revealed that the ability of EK-12 to promote cell proliferation 

is concentration-dependent. Cellular proliferative and migratory activities increased with increasing 

EK-12 concentration. However, beyond a certain saturation concentration, cellular activity entered a 

plateau phase. This indicates that at this concentration, EK-12 may trigger a negative feedback 

mechanism regulating cell proliferation and/or reach a state of receptor binding saturation, leading 

to the cessation of increasing proliferative activity with additional concentration increases. 

It is speculated that the snail mucus also contains various unidentified active peptide 

components and synergistic factors, which collaborate to promote wound healing[13]. Future studies 

should focus on isolating and synthesizing other individual peptides, characterizing their biological 

functions, and elucidating their molecular mechanisms. These efforts may provide new insights into 

ischemic vascular disease treatment and regenerative medicine.   

5. Conclusion 

The present study has screened a snail mucus derived peptide, EK-12. The EK-12 was 

synthesized and its sequence was confirmed via MS/MS analysis which is EAFDDAISELEK. EK-12 

significantly promoted endothelial cell proliferation, migration, angiogenesis, and capillary network 

formation. EK-12 treatment had accelerated wound healing process on mice. The mechanism of EK-

12 promoted wound healing was probably through multiple signaling pathways. These findings 

provide a scientific foundation for developing snail mucus-based therapeutics and offer a new 

approach to managing chronic wounds. 
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