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The effect of biologically active 
compounds in the mucus of slugs 
Limax maximus and Arion rufus 
on human skin cells
Anna Leśków1*, Małgorzata Tarnowska1, Izabela Szczuka2 & Dorota Diakowska1

Molluscs are one of the sources of biologically active substances, which are now intensively studied, 
especially for their anti-cancer properties. Malignant melanoma originates from melanocytes, 
develops very quickly and is associated with poor prognosis. Therefore, the aim of the study was to 
assess the properties of biologically active compounds in sterile mucus isolated from slugs Limax 
maximus and Arion rufus. Tested mucus were isolated using the new self-developed method which is 
safe for the environment and the animal donors. The impact of the mucus on human keratinocytes 
CCD 1106 KERTr and malignant melanoma cells A-375 was examined using MTT assay and SRB 
assay, which allowed us to determine the cell metabolic activity and cell number after treating them 
with slug mucus isolated from Limax maximus and Arion rufus decreased human keratinocytes and 
melanoma cells metabolic activity as well as manifested properties of reducing the number of cells in 
both tested cell lines, and therefore can be a source of biologically active substances with anticancer 
potential.

Human skin, as an organ most exposed to contact with the external environment, is subjected to various damag-
ing factors. These factors can cause pathophysiological and morphological changes or mutagenesis of the genetic 
material, often leading to carcinogenesis. The most common non-melanoma skin cancer (NMSC) are basal cell 
carcinoma (BCC) and squamous cell carcinoma (SCC), which represent 95% of all skin cancers and up to 35% 
of primary human malignant  neoplasms1–3. However, the most dangerous skin cancer is malignant melanoma, 
which causes 1.5–2% of all malignant neoplasms, and its primary location is skin in 95% of  cases1,3,4. Skin mela-
noma is a cancer with a rapid development rate and high drug  resistance3–5. Melanoma spreads quickly to various 
distant organs, which makes treatment difficult or impossible. The rate of metastasis, its location and number of 
metastases significantly affects the survival of patients, which is why it is so important to find a way to slow this 
 process6,7. Therefore, it is extremely important to implement rapid diagnosis and treatment in the early stages of 
melanoma, when the chances of cure are as high as 80%3. Currently, a cream containing imiquimod is used to 
treat stage 0 melanoma (melanoma limited to the epidermis)8–10. Imiquimod is the only topical use drug approved 
by the Food and Drug Administration (FDA), although its main applications are treatment of keratinization 
lesions, basal cell carcinoma, genital and anal warts. Based on the available data, there is currently no specific 
drug approved for the treatment of superficial malignant melanoma. This generates the need to search for new 
biologically active compounds with anti-tumor potential against this type of cancer.

One of the current trends in world science is the search for biologically active substances derived from 
living organisms and their use in biotechnological processes in the pharmaceutical, cosmetic, food and other 
industries. Numerous scientific reports indicate the cytotoxic properties of snail mucus in relation to various cell 
lines, including  cancerous11–19. It was reported that Helix aspersa maxima snail mucus shows antitumor activity 
against human melanoma  cells12 and Cornu aspersum snail lyophilisate significantly reduces the survival rate of 
Caco-2 colon cancer  cells20. In addition, haemocyanins obtained from aquatic snails (Rapana venosa) and ter-
restrial snails (Cornu aspersum and Helix lusitanicus) are immunostimulators with antimicrobial and anticancer 
properties, cytotoxic to T-24 bladder cancer  cells16. The haemolymph of aquatic Rapana thomasina and terrestrial 
Helix pomatia snails show antitumor activity against C-26 colorectal cancer  cells13, and terrestrial snails Achatina 
fulica mucus is cytotoxic to MCF-7 breast cancer cells and Vero fibroblast-like renal epithelial  cells21.
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Among free-living snails in European countries, the main interest of scientists are snails Cornu aspersum 
(until 2014, known as Helix aspersa)11,20,22,23. Despite their presence in culture and natural  medicine24, slugs did 
not arouse much interest among scientists, with the exception of Limax slugs which were behaviorally  tested25–29.

The aim of the study was to assess the impact of the mucus of slugs Limax maximus and Arion rufus on human 
keratinocytes and melanoma cell lines.

Results
Isolation and purification of slug mucus. The developed own method of obtaining mucus is innovative 
and safe for both animals and material. Alcohol is not used as in other methods, which prevents protein dena-
turation in the formulation. The use of membrane filtration ensured the sterility of the formulations, which was 
confirmed by the Matrix Assisted Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-
TOF MS; Table 1).

MTT assay assessment of the survival of human keratinocytes and melanomas exposed to 
slug mucus. The obtained data indicate a statistically significant reduction in the survival of keratinocytes in 
the presence of Limax maximus mucus at 1, 2 and 4 mg/mL concentration. The results indicate that a 4 mg/mL 
concentration of mucus decreased the survival of keratinocytes by 80% (cell viability 20.88 ± 8.25%; p < 0.0001) 
compared to the untreated control cells, while 2 mg/mL concentration of mucus inhibited the survival of cells 
by 65% (cell viability 35.78 ± 12.08%; p < 0.0001) (Fig. 1). In the case of Arion rufus mucus, the obtained data 
indicate a statistically significant reduction in cell survival in the presence of mucus at 2 and 4 mg/mL concen-
tration. The results indicated that a concentration of 4 mg/mL decreased the survival of keratinocytes by 75% 
(cell viability 25.29 ± 17.72%; p < 0.0001) compared to the control, and a concentration of 2 mg/mL inhibited the 
survival by 35% (cell viability 67.2 ± 22.74%; p < 0.001) compared to control (Fig. 2).

In the case of melanoma, one-way ANOVA analysis showed statistically significant differences in cell viability 
between tested groups incubated with mucus of Limax maximus or Arion rufus (p < 0.0001) (Figs. 1, 2). There 
was a significant reduction in the survival of melanoma cells by 17% (cell viability 83.67 ± 18.02%; p = 0.034) 
when exposed to Limax maximus mucus at 4 mg/mL concentration (Fig. 1). In the case of Arion rufus, the results 
show a significant reduction in the survival of melanoma cells treated with mucus at 2 and 4 mg/mL, reducing 
the number of viable cells by 22% (cell viability 78.53 ± 19.78%; p = 0.006) and 18% (cell viability 82.22 ± 14.3%; 
p = 0.035), respectively (Fig. 2). The results showed that 2 mg/mL Arion rufus mucus caused the greatest change 
in melanoma cell survival, leading to a 22% decrease in viable cell number compared to untreated control cells.

On the basis of the obtained data, the value of the minimum inhibitory concentration was calculated, defined 
as the minimum concentration of the tested compound needed to inhibit the growth of the tested cells by 50% 
 (IC50), which in the case of Limax maximus slug mucus was  IC50 = 2.35 mg/mL, and for Arion rufus mucus 
 IC50 = 2.91 mg/mL (Fig. 3.).

Sulforhodamine B assay assessment of the survival of human keratinocytes and melanomas 
exposed to slug mucus. In the sulforhodamine B (SRB) assay, 1, 2 and 4 mg/mL Limax maximus mucus 
showed statistically significant cytotoxic effects which caused, compared to the cell number in control group, 
a decrease in the number of keratinocytes by 14% (cell number 86.23 ± 7.67%; p < 0.0001), 25% (cell number 

Table 1.  Results of MALDI-TOF analysis of slug mucus. BHI brain heart infusion, AG Agar medium. 
***Reliable identification at the species level, **Reliable identification at the genus level, *Probable 
identification at the genus level.

Slug species Step of determination Medium type Temperature [°C]
Species (best matching according to MALDI-TOF 
method Identification value Credibility

Limax maximus
Prior to filtration

BHI 30 Pseudomonas fulva 1.955 *

BHI 30 Acinetobacter radioresistens 2.115 **

BHI 30 Pseudomonas fulva 2.039 **

BHI 30 Acinetobacter radioresistens 2.4 ***

BHI 30 Acinetobacter radioresistens 2.336 ***

BHI 30 Enterobacter cancerogenus 1.836 *

AG 37 Pseudomonas fulva 2 **

AG 37 Leclercia adecaroxylata 1.94 *

AG 37 Acinetobacter radioresistens 2.341 ***

AG 37 Pseudomonas fulva 1.904 *

AG 37 Escherichia vulneris 1.87 *

AG 37 Acinetobacter radioresistens 2.293 **

AG 37 Escherichia vulneris 1.952 *

After filtration Lack of isolates

Arion rufus
Prior to filtration AG 30 Sphingomonas paucimobilis 2.184 **

After filtration Lack of isolates
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75.22 ± 4.36%; p < 0.0001) and 18% (cell number 82.12 ± 4.84%; p < 0.0001), respectively. The obtained results 
for the concentrations of 2 mg/mL and 4 mg/mL of Arion rufus mucus indicated a statistically significant cyto-
toxic effect of these mucus towards keratinocytes, reducing their number by 19% (cell number 81.51 ± 5.73%; 
p = 0.025) and 35% (cell number 66.85 ± 3.9%; p < 0.0001) respectively. The most cytotoxic to keratinocytes were 
Limax maximus mucus at a concentration of 2 mg/mL and 4 mg/mL Arion rufus mucus, causing a decrease in 
the number of cells by 25% and 35%, respectively.
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Figure 1.  Viability of keratinocytes (KERTr) and melanoma cells (A-375) after 24 h incubation with Limax 
maximus mucus (MTT assay). Results are shown as a percentage value of living cells (control was taken as 
100%). *p < 0.05 vs control.
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Figure 2.  Viability of keratinocytes (KERTr) and melanoma cells (A-375) after 24 h incubation with Arion 
rufus mucus (MTT assay). Results are shown as a percentage value of living cells (control was taken as 100%). 
*p < 0.05 vs control.
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In the case of A-375 melanoma cells, statistically significant differences in cell viability were observed between 
tested groups after incubation with Limax maximus or Arion rufus mucus (p < 0.0001 for both) (Figs. 4, 5). 4 mg/
mL Limax maximus mucus reduced cell number by 15% (cell number 85.17 ± 10.65%; p < 0.001). The most cyto-
toxic mucus for A-375 melanoma cells was Arion rufus mucus at a concentration of 2 mg/mL, which reduced 
cell survival by 18% (cell number 81.93 ± 11.49%; p = 0.001) (Fig. 5).

Discussion
Slugs naturally occurring in Western Europe, Limax maximus and Arion rufus, have not yet been tested for 
their biological properties in relation to human keratinocytes and melanoma cells. Existing research papers on 
 proteolytic30, anti-bacterial22,31,32, anti-cancer11,12,20 properties prompted an in-depth analysis of the biological 
properties of these slugs’ mucus. For the research described in this study, slug mucus was obtained by own 
method, non-invasive for slugs, using low (0.9%) sodium chloride concentration. The obtained mucus, in a 
freeze-dried form, is sterile and could be safely stored for further analysis. Many methods of obtaining mucus 
from slugs and snails were described, including manual  stimulation12,22,31,33, electrical  stimulation20 and even by 
cutting the bodies of slugs/snails and squeezing out the  mucus34, or whole animal  homogenization32. Swapna 
et al. even describes obtaining mucus through ethanol  extraction33. The main limitation in the case of this study 
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Figure 3.  Half maximal inhibitory concentration  (IC50) calculated for Limax maximus mucus (a) and Arion 
rufus mucus (b) based on the MTT assay results.
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Figure 4.  The survival of keratinocytes (KERTr) and melanoma cells (A-375) after 24 h incubation with Limax 
maximus’ mucus (SRB assay). Results are shown as a percentage value of living cells (control was taken as 100%). 
*p < 0.05 vs control.
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was the small amount of mucus produced by slugs, which prevents efficient mucus collection using manual 
stimulation. Incision or other damage to the body of slugs/snails, including homogenization of whole animals, 
are extreme and violent, and methods based on high salt concentrations may impede further research and even 
cause degradation and formation of non-specific particles in the tested  material23,35. The own method of isola-
tion, used in the above-described studies, allows to isolate clean mucus, without contamination with cells or 
animal material (e.g. haemolymph). Additionally, based on our other studies, we did not notice any change in 
the composition of the mucus, regardless of the year of the slugs harvest. Therefore we conclude, obtained mucus 
has a constant composition, although in general external and environmental factors may have an influence on 
slugs and their mucus (data not published).

The results obtained in the process of our own research showed that the tested mucus of the slugs Limax maxi-
mus and Arion rufus differ from each other in terms of their effect on human keratinocytes and melanoma cells, 
both in terms of their impact on the survival of these cells and the nature of this effect, i.e. cytotoxic properties. 
The use of two different assays: MTT and SRB, made us possible to show the differences in mucus activity. MTT 
measures cell metabolic activity, which depends on cell viability but also on cell number. SRB measures cell total 
protein, which depends on a cell cycle phase but more directly gives an indication about the cell number. The 
results of the MTT and SRB assays demonstrated the same tendency: the influence of slug mucus on keratinocyte 
culture is cytotoxic, and the number of keratinocyte cells decreases with increasing mucus concentration. When 
comparing the results obtained with the MTT assay with the results of the SRB assay, the concentration of 2 mg/
mL resulted in a strong decrease of cell metabolic activity and viability, but the total protein mass was less affected. 
Taking into account the principles of the MTT and SRB assays and on the basis of the presented data, it can be 
concluded that Limax maximus mucus does not inhibit cell growth in the initial phase of cell culture. Compar-
ing the results and observations to the data obtained in the study of Limax maximus mucus, in the case of Arion 
rufus mucus, the principle of action is analogous. However, additional tests, with more timepoints, are needed 
to see if this effect may be based on a delayed cytotoxic effect against keratinocyte cells in the late growth phase. 
It is also worth noting that due to the presence of sugars in the mucus of slugs, it has a thick consistency, which 
in high concentrations may negatively affect the bioavailability of nutrients contained in the culture medium, 
which may additionally determine the higher cell death at high concentrations of the tested mucus.

Therefore, Limax maximus slug mucus shows a stronger cytotoxic effect against human keratinocytes, which 
determines its influence on the decrease in the survival of these cells, than in the case of Arion rufus mucus. In 
turn, melanoma cells are more sensitive to the action of Arion rufus mucus, showing higher mortality in the 
environment containing this mucus.

Due to the lack of scientific reports describing the influence of Limax maximus and Arion rufus slug mucus 
on the survival of human cells, the results of our research were compared to studies on the mucus of other slugs 
and snails and/or other mixtures obtained from snails/slugs of various species. Matusiewicz et al.20 investigated 
the effect of Cornu aspersum snail mucus, homogenate from the body of this snail and snail shells dust, indicated 
that after 24 h of incubation of Caco-2 colon cancer cells with snail mucus at a concentration of 2.5 mg/mL, cell 
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Figure 5.  The survival of keratinocytes (KERTr) and melanoma cells (A-375) after 24 h incubation with Arion 
rufus’ mucus (SRB assay). Results are shown as a percentage value of living cells (control was taken as 100%). 
*p < 0.05 vs control.
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survival measured by the MTT assay was higher than the values obtained for untreated control cells. On the 
other hand, 72 h incubation caused a decrease in cell survival by about 25%. Studies on the effect of Achatina 
fulica snail mucus on MCF-7 breast cancer cells have shown that this mucus at a concentration of 1 mg/mL after 
72 h of incubation reduced the survival rate of these cells by 20%21. In addition, the studies of other authors have 
shown that haemocyanins obtained from the hemolymph of the water snail Rapana venosa and two terrestrial 
snails: Cornu aspersum and Helix lucorum, exhibit anti-cancer properties against bladder  cancer11,15,16,36. These 
properties, however, were strongly dependent on the incubation time, concentration of the tested compounds 
and their quality, i.e. the type of the tested haemocyanin  subunit11,16.

In conclusion, the subject of own research is adding more data to the field of the properties of biologically 
active substances obtained from slugs and points to the need to continue research and expand knowledge in 
this field.

On the basis of the obtained results, it was found that the mucus of slugs Limax maximus and Arion rufus 
differ in terms of biological properties in relation to human cells (normal keratinocytes and melanoma cells). 
The mucus of slugs has strong properties that reduced the survival of keratinocytes and reduced the number of 
melanoma cells by up to 22%. Limax maximus mucus showed a stronger influence on cell survival, and Arion 
rufus mucus was characterized by higher cytotoxicity in relation to both tested cell lines. However, further 
research is needed to determine the mechanisms of action of the mucus.

Methods
Animal material and preparation of samples. The material used in the study was the mucus of slugs: 
Limax maximus (commonly named as leopard slug or great grey slug) and Arion rufus (known as European red 
slug).

Limax maximus and Arion rufus slugs have been harvested from a garden, located in a green district of the 
city, bordering a park and other wild gardens, without contact with city streets. No plant protection products nor 
fertilizer (and other similar products) were used in this area as well as in the closest neighborhood. We collected 
only adult individuals, based on the criterium of body length—more than 10 cm for Limax maximus and 8 cm in 
the case of Arion rufus37–39. The slugs (32 Limax maximus specimens and 34 Arion rufus specimens) were shaken 
with 0.9% NaCl (B. Braun, Germany) for 20 min, at 150 rpm, at room temperature. The mucus solution was 
then centrifuged at 10,000×g, 15 min, 4 °C. The supernatant was poured into dialysis tubes (Carl Roth GmbH, 
Germany) and desalted at 4 °C. The dialysate was filtered into a sterile bottle through 0.22 pm membrane filters 
(Millipore Express PLUS from PES—Sigma-Aldrich, USA) placed in a Nalgene ™ Polysulfone Reusable Bottle 
Top Filters (Thermo Fisher Scientific, Waltham, MA, USA). The solution was then sterile poured into sterile 
containers, frozen at − 80 °C and lyophilized. The lyophilisate was stored in tightly closed containers at − 20 °C 
for further research.

After the extraction, slugs were placed in safe, single containers located in their natural habitat and after about 
2 weeks they could be used again (no more than 3 times) or were set free. A period of 2 weeks was needed for 
full recovery, due to the fact that after the contact with NaCl slugs were less elastic and dehydrated.

MALDI-TOF MS analysis of slug mucus lyophilisates purity. The research material consisted of aque-
ous solutions of Limax maximus and Arion rufus mucus. Matrix Assisted Laser Desorption/Ionization Time-of-
Flight Mass Spectrometry—MALDI-TOF  MS40–42 technique was used to determine microbiological purity of 
mucus before and after filtration. The tested materials were seeded on the media: BHI ((Brain Heart Infusion)—
Oxoid, Wielka Brytania), AG ((Agar medium)—BTL Sp. z o.o., Poland), BA ((blood agar = AG + bovine heart 
blood)—BTL Sp. z o.o., Poland), STG ((AG + sodium thioglycolate)—IITD PAN, Wroclaw, Poland), YM ((yeast 
extract + malt extract agar)—IITD PAN, Wroclaw, Poland), and incubated for 24 h at 30 °C and 37 °C under 
aerobic and anaerobic conditions. Bacteria isolated from single homogeneous colonies were identified using the 
MALDI-TOF MS technique. The procedure included an initial step: a bacterial colony was dissolved in 300 µL of 
sterile deionized water, 900 µL of ethanol (POCH, Poland) was added and thoroughly mixed. The solution was 
then centrifuged at 13,000×g for 2 min, 50 µL of a 70% aqueous formic acid solution (Pol-Aura, Poland) and 50 
µL of acetonitrile (Pol-Aura, Poland) were added to the pellet and thoroughly mixed, followed by centrifugation. 
The results were compiled on the basis of the MALDI-Biotyper 3.0 database (Bruker, Germany) according to 
the point scale: 3.000–2.300 reliable identification of the microorganism at the species level; 2.299–2.000 reliable 
identification of the microorganism at the genus level and highly probable at the species level; 1.999–1.700 prob-
able result at genus level; 1.699–0 no reliable identification.

Determination of the cytotoxic activity of slug mucus on selected human cell lines. Human 
keratinocytes CCD 1106 KERTr (ATCC® CRL2309 ™) were obtained from the American Type Culture Collec-
tion (ATCC; MD, USA) and were cultured in a medium composed of Keratinocyte Serum Free Medium (Gibco, 
Thermo Fisher Scientific, Waltham, MA, USA) and dedicated supplements: 30 µg/mL bovine pituitary extract 
(BPE; Gibco) and 0.2 ng/mL recombinant human endothelial growth factor (rEGF; Gibco) with addition of 
stabilized 1% antibiotic antimycotic solution containing 25 µg/mL of amphotericin B, 10,000 units of penicillin/
mL, 10 mg/mL of streptomycin (Sigma-Aldrich, St. Luis, MO, USA). For the experiments CCD 1106 KERTr cells 
were seeded at 4 ×  103 cells per well on a 96-well plate and cultured for 24 h in  CELCULTURE® CCL-170B-8  CO2 
incubator (Esco, Singapore) at 37 °C in 95% air with 5%  CO2.

Human malignant melanoma A-375 cells (ATCC; ATCC ® CRL1619™) were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM; Gibco) supplemented with 10% fetal bovine serum (FBS; Sigma-Aldrich, USA) with 
addition of stabilized 1% antibiotic antimycotic solution (Sigma-Aldrich). For the experiments A-375 cells were 
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seeded at 2 ×  103 cells per well on a 96-well cell culture treated plate and cultured for 24 h in the  CO2 incubator 
at the above-mentioned conditions.

Cells from both cell lines were treated for 24 h with Arion rufus or Limax maximus mucus dissolved in dedi-
cated complete growth medium at 0.25, 0.5, 1, 2, and 4 mg/mL concentration. Cells cultured with dedicated 
complete growth medium alone were used as controls. Mucus were added to the same number of cells both in 
MTT and SRB assays, and also in the same culture stage.

Both assays were conducted at 1 day, from one cell culture. The experiments were done in a triplicate.

Evaluation of cell metabolic activity of cells treated with slug mucus with the MTT assay. After 
24 h of treatment, post-culture medium was discarded, cells were rinsed with sterile phosphate-buffered saline 
(PBS) solution and 0.5  mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide in complete 
growth medium (MTT reagent; Sigma-Aldrich) was added. Plates were incubated for 3 h in the  CO2 incubator 
at the above-mentioned conditions. Subsequently, the MTT reagent was decanted and the formed formazan 
crystals were dissolved by dimethyl sulfoxide (DMSO; BioShop, Canada). The absorbance was measured using 
an  Infinite® M200 plate spectrophotometer (Tecan Group Ltd., Männedorf, Switzerland) at λ = 540 nm.

Evaluation of the cells number after exposure to slug mucus with the sulforhodamine B (SRB) 
assay. After 24 h of treatment, cells were fixed with 12.5% trichloroacetic acid (TCA; Sigma-Aldrich) and 
incubated for 1 h at 4 °C, followed by rinsing with distilled water and drying. Subsequently, a freshly prepared 
solution of 0.04% SRB (Sigma-Aldrich, USA) in 1% acetic acid (Avantor Performance Materials Poland, Poland) 
was added and let stand for 30 min. The unbound dye was removed using 1% acetic acid. The protein-bound SRB 
was solubilized by 10 mM Tris base solution (pH 10.5). The absorbance, proportional to the protein content, was 
measured using an Infinite® M200 plate spectrophotometer (Tecan Group Ltd) at λ = 520 nm.

Statistical analysis. Statistical analysis was conducted using MS Excel 2016 (Microsoft Co, USA) and Sta-
tistica 13.3 (Tibco Software Inc., CA, USA). Descriptive data were presented as a mean and a standard deviation. 
Distribution of the data was tested with the Shapiro–Wilk normality test, and homogeneity of variances were 
analyzed by the Leven’s test. One-way ANOVA analysis and post-hoc LSD test were performed for evaluation of 
differences between independent groups. In all analyzes a 2-tailed p-value of p < 0.05 was considered statistically 
significant.

Conclusions

1. The developed own method of isolating and purifying the mucus of the Limax maximus and Arion rufus 
slugs ensures the sterility of the obtained product, which is a condition for working with it in safe condi-
tions. Thanks to the final, freeze-dried form of the product, it is also possible to store and easily dissolve it 
in various solvents, which determines a wide range of applications.

2. Limax maximus and Arion rufus slug mucus significantly reduce the survival of human keratinocytes and 
malignant melanoma cells.

3. Limax maximus and Arion rufus slug mucus are cytotoxic to both human keratinocytes and malignant 
melanoma cells. Further research is required to determine the mechanisms of the toxic effect underlying 
the decreased cell survival.

Data availability
All data are available within the text of the article. The raw/processed data required to reproduce these findings 
are available from the corresponding author upon reasonable request.

Received: 6 July 2021; Accepted: 6 September 2021

References
 1. Kapka-Skrzypczak, L., Dudra-Jastrzębska, M. & Czajka, M. I. Charakterystyka kliniczna oraz molekularne podstawy nowotworów 

skóry. Hygeia Public Health 49, 39–45 (2014).
 2. Madan, V., Lear, J. T. & Szeimies, R.-M. Non-melanoma skin cancer. Lancet (London, England) 375, 673–685 (2010).
 3. Rutkowski, P. et al. Cutaneous melanomas. Oncol. Clin. Pract. 13, 241–258 (2017).
 4. Janik, M. E., Hoja-Łukowicz, D., Szajda, S. D., Waszkiewicz, N. & Przybyło, M. Czerniak—Najbardziej złośliwy nowotwór skóry. In 

Zapobieganie chorobom nowotworowym (eds Szajda, S. D. et al.) 87–109 (Wyższa Szkoła Zawodowa Ochroby Zdrowia Towarzystwa 
Wiedzy Powszechnej w Łomży, 2016).

 5. Kitchener, S. Epidemiology of melanoma. Color Atlas Melanocytic Lesions Ski. 29, 185–195 (2007).
 6. Schadendorf, D. et al. Melanoma. The Lancet 392, 971–984 (2018).
 7. Sandru, A., Voinea, S., Panaitescu, E. & Blidaru, A. Survival rates of patients with metastatic malignant melanoma. J. Med. Life 7, 

572–576 (2014).
 8. Wolf, I. H. et al. Topical imiquimod in the treatment of metastatic melanoma to skin. Arch. Dermatol. 139, 273 (2003).
 9. Ray, C. M., Kluk, M., Grin, C. M. & Grant-Kels, J. M. Successful treatment of malignant melanoma in situ with topical 5% imiqui-

mod cream. Int. J. Dermatol. 44, 428–434 (2005).
 10. Munoz, C. M., Sanchez, J. L. & Martin-Garcia, R. F. Successful treatment of persistent melanoma in situ with 5% imiquimod cream. 

Dermatol. Surg. 30, 1543–1545 (2004).
 11. Antonova, O. et al. In vitro antiproliferative effect of Helix aspersa hemocyanin on multiple malignant cell lines. Z. Naturforsch. 

C 69, 325–334 (2014).



8

Vol:.(1234567890)

Scientific Reports |        (2021) 11:18660  | https://doi.org/10.1038/s41598-021-98183-6

www.nature.com/scientificreports/

 12. Ellijimi, C. et al. Helix aspersa maxima mucus exhibits antimelanogenic and antitumoral effects against melanoma cells. Biomed. 
Pharmacother. 101, 871–880 (2018).

 13. Gesheva, V. et al. Anti-cancer properties of gastropodan hemocyanins in murine model of colon carcinoma. BMC Immunol. 15, 
34 (2014).

 14. Thomas, S. Medicinal Use of Terrestrial Molluscs (Slugs and Snails) with Particular Reference to Their Role in the Treatment of Wounds 
and Other Skin Lesions (2013). http:// www. world widew ounds. com/ 2013/ July/ Thomas/ slug- steve- thomas. html. Accessed 20 Mar 
2021.

 15. Boyanova, O., Dolashka, P., Toncheva, D., Rammensee, H.-G. & Stevanović, S. In vitro effect of molluscan hemocyanins on CAL-29 
and T-24 bladder cancer cell lines. Biomed. Rep. 1, 235–238 (2013).

 16. Dolashka, P. et al. Bioactive compounds isolated from garden snails. J. BioSci. Biotechnol. 147–155 (2015).
 17. Newman, D. J. & Cragg, G. M. Natural products as sources of new drugs from 1981 to 2014. J. Nat. Prod. 79, 629–661 (2016).
 18. Laack, E. et al. Lectin histochemistry of resected adenocarcinoma of the lung: Helix pomatia agglutinin binding is an independent 

prognostic factor. Am. J. Pathol. 160, 1001–1008 (2002).
 19. Lescar, J. et al. Structural basis for recognition of breast and colon cancer epitopes Tn antigen and Forssman disaccharide by Helix 

pomatia lectin. Glycobiology 17, 1077–1083 (2007).
 20. Matusiewicz, M. et al. In vitro influence of extracts from snail Helix aspersa Müller on the Colon Cancer Cell Line Caco-2. Int. J. 

Mol. Sci. 19, 1064 (2018).
 21. E-kobon, T., Thongararm, P., Roytrakul, S., Meesuk, L. & Chumnanpuen, P. Prediction of anticancer peptides against MCF-7 breast 

cancer cells from the peptidomes of Achatina fulica mucus fractions. Comput. Struct. Biotechnol. J. 14, 49 (2016).
 22. Pitt, S. J., Graham, M. A., Dedi, C. G., Taylor-Harris, P. M. & Gunn, A. Antimicrobial properties of mucus from the brown garden 

snail Helix aspersa. Br. J. Biomed. Sci. 72, 174–181 (2015).
 23. Trapella, C. et al. HelixComplex snail mucus exhibits pro-survival, proliferative and pro-migration effects on mammalian fibro-

blasts. Sci. Rep. 8, 1–10 (2018).
 24. Stawarczyk, K. & Stawarczyk, M. Ślimaki bezskorupowe w medycynie ludowej: Przegląd literatury. Etnobiol. Pol. 2, 33–38 (2012).
 25. Cooke, I. R. & Gelperin, A. In vivo recordings of spontaneous and odor-modulated dynamics in the Limax olfactory lobe. J. 

Neurobiol. 46, 126–141 (2001).
 26. Wayne, N. L. Regulation of seasonal reproduction in mollusks. J. Biol. Rhythms 16, 391–402 (2001).
 27. Wang, J. W., Denk, W., Flores, J. & Gelperin, A. Initiation and propagation of calcium-dependent action potentials in a coupled 

network of olfactory interneurons. J. Neurophysiol. 85, 977–985 (2001).
 28. Watanabe, S., Kirino, Y. & Gelperin, A. Neural and molecular mechanisms of microcognition in Limax. Learn. Mem. 15, 633–642 

(2008).
 29. Goel, P. & Gelperin, A. A neuronal network for the logic of Limax learning. J. Comput. Neurosci. 21, 259–270 (2006).
 30. Milne, T. J., Abbenante, G., Tyndall, J. D. A., Halliday, J. & Lewis, R. J. Isolation and characterization of a cone snail protease with 

homology to CRISP proteins of the pathogenesis-related protein superfamily. J. Biol. Chem. 278, 31105–31110 (2003).
 31. Santana, W. A. et al. Assessment of antimicrobial activity and healing potential of mucous secretion of Achatina fulica. Int. J. 

Morphol. 30, 365–373 (2012).
 32. Ulagesan, S. & Kim, H. Antibacterial and antifungal activities of proteins extracted from seven different snails. Appl. Sci. 8, 1362 

(2018).
 33. Swapna, P. & Rivender Reddy, T. Quantification of mucoproteins (glycoproteins) from slugs mucus, Arion hortensis. Int. J. Pharm. 

Res. Bio-sci. 4, 242–320 (2015).
 34. Etim, L., Aleruchi, C. & Obande, G. Antibacterial properties of snail mucus on bacteria isolated from patients with wound infec-

tion. Br. Microbiol. Res. J. 11, 1–9 (2016).
 35. Yuliana, M., Truong, C. T., Huynh, L. H., Ho, Q. P. & Ju, Y.-H. Isolation and characterization of protein isolated from defatted 

cashew nut shell: Influence of pH and NaCl on solubility and functional properties. LWT Food Sci. Technol. 55, 621–626 (2014).
 36. Dolashki, A. et al. Antitumour activity of Helix hemocyanin against bladder carcinoma permanent cell lines. Biotechnol. Biotechnol. 

Equip. 33, 20–32 (2019).
 37. Bogdanowicz, W., Chudzicka, E., Pilipiuk, I. & Skibińska, E. Polish Fauna—Characteristics and the List of Species (MiIZ, 2008).
 38. Wiktor, A. & Riedel, A. Arionicea. discidae and arionidae. /Gastropoda, Stylommatophora/. In Fauna Poloniae, Vol. 140, 26–39, 

85–126 (Państwowe Wydawnictwo Naukowe, 1974).
 39. Wiktor, A. Limacoidea et Zonitoidea nuda—Ślimaki pomrowiokształtne (Gastropoda: Stylommatophora). In Fauna Poloniae, Vol. 

203, 8–17, 53–100 (Państwowe Wydawnictwo Naukowe, 1989).
 40. Kosikowska, U. et al. Zastosowanie spektrometrii masowej MALDI-TOF MS w identyfikacji bakterii izolowanych z materiałów 

klinicznych od ludzi i zwierząt. Diagnostyka Lab. 51, 23–30 (2015).
 41. Carbonnelle, E. et al. MALDI-TOF mass spectrometry tools for bacterial identification in clinical microbiology laboratory. Clin. 

Biochem. 44, 104–109 (2011).
 42. Sandrin, T. R., Goldstein, J. E. & Schumaker, S. MALDI-TOF MS profiling of bacteria at the strain level: A review. Mass Spectrom. 

Rev. 32, 188–217 (2013).

Acknowledgements
This research was funded by Wroclaw Medical University, SIMPLE system number STM.E020.20.062 and statu-
tory Grant Number SUB.E020.21.002.

Author contributions
A.L. and D.D. designed the study. A.L. and M.T. isolated the mucus. A.L. and I.S. performed cell based assays. 
D.D. performed statistical analysis. A.L. wrote the manuscript which M.T, I.S. and D.D. has reviewed and 
improved.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

http://www.worldwidewounds.com/2013/July/Thomas/slug-steve-thomas.html
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:18660  | https://doi.org/10.1038/s41598-021-98183-6

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021, corrected publication 2021

http://creativecommons.org/licenses/by/4.0/

	The effect of biologically active compounds in the mucus of slugs Limax maximus and Arion rufus on human skin cells
	Results
	Isolation and purification of slug mucus. 
	MTT assay assessment of the survival of human keratinocytes and melanomas exposed to slug mucus. 
	Sulforhodamine B assay assessment of the survival of human keratinocytes and melanomas exposed to slug mucus. 

	Discussion
	Methods
	Animal material and preparation of samples. 
	MALDI-TOF MS analysis of slug mucus lyophilisates purity. 
	Determination of the cytotoxic activity of slug mucus on selected human cell lines. 
	Evaluation of cell metabolic activity of cells treated with slug mucus with the MTT assay. 
	Evaluation of the cells number after exposure to slug mucus with the sulforhodamine B (SRB) assay. 
	Statistical analysis. 

	Conclusions
	References
	Acknowledgements


