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Abstract: Long before its popularization as a skincare ingredient, snail slime was reported to have
a variety of health-promoting attributes. Its medicinal use involved the treatment of ailments,
such as anthrax, hernias, stomach pain, chest pain, as well as tuberculosis. The main aim of this
study was to investigate the anti-inflammatory and wound-healing properties of snail slime from
Cepaea hortensis (Miiller, 1774) (brown garden snail). The slime was extracted by a mild method, and
the anti-inflammatory characteristics were determined by croton-oil-induced mouse-ear edema. The
histological study showed that the snail slime exerts its action at the level of inflammatory mediators,
explaining the drastic decrease of edema (59% in comparison to the 47% of indomethacin). The daily
application of 50 uL (15 mg/kg) of snail slime on excision wounds in rabbits proved to induce an
almost full tissue repair after 24 days of treatment (87.80-92.7% wound closure in width and length,
respectively). Analysis of the slime’s safety aspect allowed affirming the nontoxicity of snail slime on
both the skin and eyes.

Keywords: snail slime; anti-inflammatory; wound healing; toxicity; edema; pharmacological properties

1. Introduction

Inflammation is a complex physiological process involving multiple cellular and
molecular mediators [1]. At the cellular level, macrophages and mast cells play a central
role in initiating the inflammatory response through the secretion of proinflammatory
cytokines such as TNFe, IL-1p and IL-6 [2]. These cytokines then activate other cell types
such as T lymphocytes and stimulate the production of vasodilator mediators such as
histamine and prostaglandins [3]. At the molecular level, the NF-«kB and MAPK signaling
pathways play a pivotal role in amplifying and regulating the inflammatory signal [4]. More
recently, many research studies have evaluated the potential anti-inflammatory activity of
natural products. Those biomolecules are now in the spotlight of many research groups.
They aim to discover new avenues for the development of drugs against a wide range of
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diseases, particularly cancers and inflammatory diseases. Biomolecules are obtained from
natural sources such as plants, microorganisms or animals (insects, invertebrates, etc.) [5].

Mollusks are renowned for their abundance of active ingredients, allowing them to act
at multiple levels of the organism. Land snails are among the terrestrial mollusks exploited
in pharmacology. These gastropods have already undergone biological screenings that
have revealed effective therapeutic potential [6-8]. One of the most promising ingredients
produced by snails is a mucoid structure widely known as snail mucus, identified as an
adhesive lubricant that allows snails to adhere to various surfaces, maintain hydration of
their body and protect themselves against mechanical damage and predators [9,10].

This product has been researched by various researchers due to its abundance of
organic ingredients that confer multiple biological activities to snail meat, including anti-
inflammatory, healing, antimicrobial, antioxidant, anti-tyrosinase, anti-tumor, anti-aging
and regenerative properties [11-16]. These activities are due to the presence of several
chemically identified compounds in snail slime, including proteins, glycosaminoglycans,
glycoproteins, polyphenols, fatty acids, glycolic acid, vitamins, allantoin, minerals and
carbohydrates [17], but several factors are involved in this composition, including the
species studied and their different functional requirements, as well as environmental
factors such as temperature, humidity, soil conditions and food supply [18,19].

Furthermore, this study was therefore conducted with the aim of improving and
highlighting the value of snail secretions from the species Cepaea hortensis (Miiller, 1774)
(garden snail) cultivated in Morocco, by evaluating its toxicity and anti-inflammatory and
healing activities through the application of various in vivo and in vitro techniques.

In addition, studies on the bioactivity of secretions from the garden snail Cepaea hortensis
remain little documented. However, further characterization of its specific components
is needed. The identification of new metabolites from C. hortensis could contribute to
the discovery of further therapeutic prospects from sustainable local resources, and the
molecular mechanism of action of this species deserves further study.

2. Materials and Methods
2.1. Snail Crude Material

The garden snail Cepaea hortensis (Miiller, 1774) was chosen as the study model, and
specimens were gathered during the spring months from various locations in Eastern
Morocco. The animals were housed in plastic containers within a laboratory setting at
a temperature of 25 + 1 °C and provided with a diet consisting of lettuce, cucumber
and carrot.

The slime extraction procedure involved gently crushing the snails with a spatula
to minimize harm while eliciting the production of slime. The collected slime was then
transferred to tubes and stored at 4 °C in a refrigerator.

2.2. Animals
2.2.1. Evaluation of Dermal and Ocular Toxicity and Analysis of Wound-Healing Activity

Between 30 and 40 Albino-strain rabbits with a body weight ranging from 900 to
1300 g were used. The animals were held in individual cages. The temperature of the
experimental room was adjusted to 20 &= 3 °C for the rabbits, with a humidity level of
around 50 to 60%. Artificial lighting was applied with an alternating 12 h of light and 12 h
of darkness. The experimental models were provided with standard laboratory animal
feed and drank drinking water ad libitum.

2.2.2. Evaluation of Anti-Inflammatory Activity

Albino mice weighing approximately 28 to 32 g were selected as the study models for
this experiment. The animals were raised in the biology laboratory of the Faculty of Science
and Technology of Tangier under standard lighting conditions (12 h of white light, 12 h
of darkness) and temperature conditions (25 £ 1 °C). All experimental animals received
standard food and tap water ad libitum as a part of their diet.
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2.3. Dermal Toxicity Evaluation

A cutaneous toxicity assessment was conducted according to the method described
in OCDE [20]. Briefly, the right flank of 6 young rabbits was shorn, and 3 parallel scar-
ifications of the epidermis were made. Twenty-four hours later, a 0.5 mL dose of snail
slime was applied to the wound area and later covered by a gauze pad and fastened with a
nonirritating Band-Aid. The intact left flanks served as controls. The patch was removed
after 4 h of exposure, and symptoms of erythema and edema were observed at various time
points (immediately following removal, after 30 min and at 24, 48 and 72 h).

2.4. Ocular Toxicity Evaluation

The ocular toxicity evaluation was performed following the method provided in
OCDE [21]. The test was carried out on 3 rabbits with indefective and intact eyes. A
decimal milliliter of slime was applied directly into the conjunctival sac of the right eye of
each rabbit. Successive clinical observations of the eyeballs were made after one hour, then
one, two, three and four to seven days after instillation, with the noninstilled eye serving
as a control model to assess the possible irritation of the treated eye.

2.5. Topical Anti-Inflammatory Activity Assessment

The evaluation of the anti-inflammatory activity of snail slime was performed using
the croton-oil edema model of the mouse ear. Three batches of 10 mice were weighed
and labeled. Cutaneous inflammation was induced through the application of 5 uL of
the croton-oil solution to the inner surface of the auricle of the right ear, pre-anesthetized
intraperitoneally with ketamine hydrochloride (150 mg/kg) to minimize pain and distress
during the procedure. The left ear was not treated, which allowed for it to act as a control.
The positive control batch received 250 pg of indomethacin, while the test batch received
5 puL of the test solution (250 pg/ear). The three batches were observed for 6 h [22] and
then sacrificed by stretching the spinal cord at the cervical level. Using a button drill
(diameter = 7 mm), the right and left ears were sectioned at the level of their implantation.
A piece of the auricle was removed at the tip margin and immediately weighed. The
inhibition rate of inflammation was calculated as follows (Equations (1) and (2)):

Inflammation inhibition % = (A.D — A.D.T) x 100/ A.D 1)

Inhibition calculated for each animal % = (A.D — D.i) x 100/ A.D (2)

where

A.D = Average weight difference between the pieces of the right ears treated with
croton oil and those of the untreated left ears of the positive control batch.

A.D.T = Average weight difference between the pieces of the right ears treated with
the anti-inflammatory substance and those of the treated left ears.

D.i = Weight difference between the pieces of the right ear and those of the left ear of a
chosen mouse.

The tests were performed from 10:00 am to 4:00 pm to avoid possible variations in
responses resulting from circadian fluctuations in the animals’ corticosteroids.

2.6. Histological Study of the Ear Pieces

The sample was put in an embedding cassette and preserved in 10% formalin. It was
then subjected to dehydration by an automaton containing 12 baths: 8 alcohol baths of
gradually increasing concentration (from 70 to 100%) for 45 min; 2 xylene and hematoxylin
baths for 30 min; and 2 melted paraffin baths for 1 h 30 min. The tissues were then
embedded with paraffin, and fine slices made by a microtome were applied to glass slides.
Afterwards, the sample was deparaffinized in an incubator overnight at 70 °C and dyed
as follows: xylene for 30 min, ethanol for 10 min, water for 10 min, hematoxylin for
3 min to stain the nuclei and eosin for 1 min to stain the cytoplasm. The sample was later
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washed with alcohol and then put in xylene. The observation was performed under a light
microscope at x40, x100 and x400 magnification.

2.7. Evaluation of the In Vivo Healing Effect

The followed procedure is the one described by Pourrat [23]. Thirty albino rabbits were
divided into 10 rabbits per batch and placed in individual cages as described below (Table 1).

Table 1. Primary dermal irritation index.

Rabbitn® Time Erythema and Eschar (0: Absence) Edema (0: Absence)
Scarred Area Unscarred Area Scarred Area Unscarred Area

30 min 0 0 0 0

1 24h 0 0 0 0
72h 0 0 0 0

30 min 0 0 0 0

2 24h 0 0 0 0
72h 0 0 0 0

30 min 0 0 0 0

3 24h 0 0 0 0
72h 0 0 0 0

30 min 0 0 0 0

4 24h 0 0 0 0
72 h 0 0 0 0

30 min 0 0 0 0

5 24h 0 0 0 0
72h 0 0 0 0

30 min 0 0 0 0

6 24h 0 0 0 0
72h 0 0 0 0

A rectangle approximately 15 mm long and 5 mm wide was cut into the skin of
the dorsolumbar region of rabbits previously anesthetized with ketamine hydrochloride
(15 mg/kg). Each specimen was treated with a topical application of 50 puL (15 mg/kg
of snail slime) once a day using an insulin syringe. The macroscopic observation was
performed before each new application. A grading scale (4-point scale) was established
to follow the evolution of the healing process. The dimensions (length and width) of
the excision wounds were measured every 4 days during the 24-day trial period using a
digital caliper [BAY tech, Panasonic communications Co., Ltd., Fukuoka, Japan] (accuracy
0.03 mm/0.001), and photographs were taken to document the changes. The percentage
change in wound contraction was calculated by the following Equation (3):

®)

Contraction % — <Healed wound surface> 100

Initial surface

2.8. Statistical Analysis

All results are expressed as averages in order to simplify the presentation of data from
the different experimental groups. Statistica v6.1 (Statsoft, Inc., Palo Alto, CA, USA) was
used for statistical analysis [24,25].



Cosmetics 2023, 10,170

50f13

3. Results and Discussion
3.1. Toxicological Tests

Irritation is an important element in dermopharmacy. It represents the effect that may
arise after a single projection or a severe but short exposure. The results of the determination
of the PDII (primary dermal irritation index) and the eye irritation index (Tables 1 and 2)
reflect the absence of vesicles, cracks or irritation and, therefore, allow us to conclude that
snail slime is nonirritating and noncorrosive to the skin and eye.

Table 2. Determination of eye irritation indices.
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Average Eye Index (A.E.I) 0 0 0

3.2. Evaluation of the Anti-Inflammatory Activity of Snail Slime

After six hours of treatment, mice in the negative control group developed an edema in
the right ear of 150 mg on average, thus indicating the development of edema. Meanwhile,
mice in the group treated locally with 0.5 mg indomethacin showed a reduction in ear
thickness, compared to those in the negative control group (79.75 mg). This corresponds
to a 47% inflammation inhibition. The treatment of the mice with 2 mg of snail slime
induced an even greater reduction in inflammation, compared to the mice of the negative
control group: the thickness of the ear was estimated at 61.33 mg, which is the equivalent
of roughly a 59% inhibition. This inhibition is moderately greater than that observed with
indomethacin. Therefore, snail slime appears to have an anti-inflammatory effect that is
superior to that of indomethacin. Table 3 and Figure 1 provide a comprehensive illustration
of the results obtained from the experiment.

Figure 2 presents the evaluation of the anti-inflammatory effect on the weight of the
left and right ears (LE and RE, respectively) of the three distinct groups of mice. The
measurement of the right ear weight in this study revealed crucial information about
the impact of the treatments on the mice’s ears. Batch 2 was treated with indomethacin
as a positive control and had a right ear weight of 23.7 & 0.21 mg. On the other hand,
Batch 1, the negative control group (which was not treated), had a right ear weight of
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30.5 & 1.50 mg, significantly higher than that of Batch 2. Finally, Batch 3, which was treated
with snail slime, had a right ear weight of 24.5 4= 2.12 mg, closer to the weight recorded
for the positive control group (Batch 2). The left ear weight in the three batches of mice
also showed a similar trend. The left ear weight in Batch 2 was recorded as 15.7 & 0.48 mg,
while that in Batch 1 was 18.1 &+ 1.10 mg and, finally, 17.1 £ 2.28 mg in Batch 3. Although
the negative control group in Batch 1 had a slightly higher weight compared to the other
two batches, the differences were not as statistically different as those seen in the right ear.

Table 3. Percentage inhibition of edema in treated animals.

Administered Number of Average Weight Edema
Dose (uL in Ear) Animals Difference (mg) Inhibition %
Negative control o
batch (L) 5 10 150 0%
Positive control o
(indomethacin) (1ig) 50 10 79.75 47%
Test batch (snail 15 10 61.33 599

slime) (mg)

Anti-inflammatory Activity

‘é“ i m Negative control (mg)
= :
o
§ -
5 05
£
E i Positive control
fn . (INDOMETACIN) (mg)
Q
E
- 03
@
5 oo Test (SNAIL
2 ; SLIME )(mg)
0.1

Edema Inhibition %

Figure 1. Percentage of anti-inflammatory inhibition in treated ear edemas with snail slime and
indomethacin as the positive control and nontreated mice as the negative control.

The inflammatory response is an adaptive mechanism triggered in response to harmful
stimuli, such as an infection or tissue aggression. It requires a fine regulation, generally
beneficial, which leads to the eradication of possible pathogens and a return to the home-
ostasis of the injured tissue [26,27]. The main function of inflammation is to eliminate the
aggressive agent and allow tissue recovery. To evaluate the effect of snail slime on acute
inflammation, the croton-oil-induced ear-edema model was used in mice. This experi-
mental model is widely used in order to screen for synthetic or natural anti-inflammatory
substances with a local effect [28]. The photogenic action of croton oil is mainly due to
the active ingredient 12-O-tetradecanoyl phorbol acetate (TPA), whose main mechanisms
involve the induction of an inflammatory reaction characterized by a significant produc-
tion of proinflammatory mediators and an increase in vascular permeability as well as
edema [29]. The weight of the edema reaches its peak 6 h after applying croton oil [22].
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Figure 2. Weight differences between right and left ear pieces.

According to the results depicted in Table 3, a 59% inflammation inhibition was
recorded after treatment of the induced edema with snail slime, which is higher than the
results obtained in the group treated with indomethacin (47%). These findings demonstrate
the high anti-inflammatory effect of the tested slime samples. Based on our knowledge,
this is the first study conducted on North Moroccan slime extracted from garden snails.
However, previous authors have demonstrated the anti-inflammatory potential of slime
extracted from a different type of garden snail, Helix aspersa, and the results revealed a
significant reduction in the expression of cytokine levels and the complete inhibition of
iNOS synthesis [30].

The anti-inflammatory effect was equally assessed in terms of weight differences
between the three studied groups. The data presented in Figure 2 indicate that the treatment
with snail slime may have a moderate impact on the weight of the mice’s ears, as the weight
of both the left and right ear in Batch 3 is relatively close to that of the positive control group
in Batch 2. However, it is noteworthy that the weight of the right ear in the negative control
group (Batch 1) was significantly higher than that of the treated and positive control groups,
which may reflect a different response to the experimental conditions in this batch. Further
and deeper investigation is necessary to determine the exact cause of this discrepancy and
to draw more definitive conclusions about the effects of snail slime on mice’s ear weight.

Considerable research has been conducted to demonstrate the potential of snail slime
in reducing inflammation and its significance as a powerful barrier against skin damage.
Analysis of the chemical constituents of snail-slime samples has been an integral part of
studies conducted and has revealed the presence of several antioxidant enzymes such as
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX). Indeed,
a study by Putranti et al. [31] proved that the presence of these enzymes neutralizes free
radicals and can thus positively reduce UV-induced skin damage such as ulceration and
dermal inflammation [31]. Additionally, other nonenzymatic antioxidants present in snail
slime include glutathione (GSH) derivatives, whose sulthydryl (-SH) group is extensively
involved in peroxide reduction, making them efficient antioxidants. Snail slime is also
characterized by an acidic combination, with the presence of acetic, citric and lactic acids,
the latter being responsible for its antibacterial properties [32-35].

To our knowledge, the chemical composition of Cepaea hortensis has not been the subject
of any prior research, nor has its therapeutic potential. Therefore, this study highlights
the originality of the results obtained and provides an opportunity to further research
to identify the exact chemical composition responsible for the demonstrated therapeutic
activities. Moreover, this product is particularly interesting for future research due to its
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proven absence of toxicity or harmful effects on human health. In addition, the abundance
of Cepaea hortensis in various parts of the world and the accessibility of its habitat offer an
additional point of interest compared to other species localized in difficult-to-access areas;
this accessibility suggests the conceptualization of a potentially more affordable and more
reliable product.

3.3. Evaluation of Ear Tissue through Microscopic Examination

The results of the histological examination of ear tissue treated with snail slime pro-
vided support and confirmation for our initial hypothesis (Figure 3). The study revealed
a minimal amount of vascular congestion and a resolution of edema, as well as a regular
appearance of the epidermis and normal cartilage and subcutaneous tissue. Furthermore, a
reduction in the number of inflammatory cells was more apparent in the batch treated with
snail slime compared to the positive control group. This reduction was characterized by a
decrease in the concentration of inflammatory cells around blood vessels, suggesting that
our product has a significant impact on the mediators responsible for inflammation.

[ Negative control GX400 ] [ Positive control GX400 ] [ Test GX400 ]

Figure 3. Results of the histological study in all three batches under a microscope. The observations
were done under a light microscope at x40, X100 and x400 magnification, and these images were
obtained at a GX400 magnification.

The findings from the histological study are particularly noteworthy because they
provide insight into the mechanism of action of snail slime in reducing inflammation. The
reduced presence of inflammatory cells around blood vessels highlights the potential of
snail slime as an anti-inflammatory agent. These results support the idea that snail slime has
a direct impact on the underlying causes of inflammation and not just the symptoms, which
is a significant advancement in our understanding of its therapeutic potential. Moreover,
the regular appearance of the epidermis and normal cartilage and subcutaneous tissue
suggest that snail slime has a relatively low risk of adverse effects, making it a promising
candidate for further research and development as a potential treatment option for various
inflammatory conditions.

3.4. Evaluation of the In Vivo Healing Effect

Snail slime, being a natural substance, took time to act effectively, as opposed to what
we witnessed in the positive control batch. Nevertheless, on the 24th day, the rate of
healing reached a maximum level in the snail-slime group: 89.66 £ 2.60% in width and
87.76 & 3.18% in length (Figure 4). The average snail-slime healing rate increased signifi-
cantly, especially in the period between D4 and D24, reaching levels from 52.05 £ 4.00% to
89.66 £ 2.60% in length and 12.98 £ 10.10% to 87.76 & 3.18% in width. On D4, the average
width of the negative control group was significantly lower (negative value) than that of
the snail-slime experiment. The same is plausible for the positive control group.
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Figure 4. Wound-healing rates for all three atches.

The results of the snail-slime treatment were thoroughly evaluated and compared
with the other treatment groups, such as the positive and negative control groups (Figure 5).
The findings showed that the snail-slime treatment had a healing rate that was very much
in line with the average of the other treatments. In terms of length, the healing rate of the
snail-slime batch was found to be optimal and exceeded expectations. Additionally, the
width healing rate was well within the average range, making it a promising and effective
alternative to other treatments.

Figure 6 shows the wound-healing process in the negative control (none treated),
positive control (Madecassol) and test groups (snail slime). Rabbits in the negative control
group showed impaired wound healing which persisted till day 8. On the other hand, the
application of Madecassol and snail slime revealed a decrease in wound severity and an
increase in size in the slime-treated group after 8 days. On day 12, the wounds treated with
slime showed significant healing progress and a large decrease in size. The effect continued
to persist and progress till the end of the treatment period, where no visible wound traces
were detected on a macroscopic level.

Wound healing involves several physiological pathways such as hemostatic and
inflammatory mechanisms, cell migration and proliferation, protein synthesis, wound
contraction, as well as tissue remodeling or reconstitution [36]. The speed and quality of
wound healing varies, depending on the general condition of the injured organism, the
etiology of the wound, age and gender and the occurrence or absence of infection and
genetic factors that may or may not predispose to wound-healing disorders [37]. In this
study, the efficacy of snail slime in wound healing was evaluated, and the results showed
an effectiveness in promoting wound healing in mice without adverse effects on their
health. On the 24th day of treatment, the rate of healing reached a maximum level in the
snail-slime group, and similar results were reported in the literature [38]. Moreover, the
lack of adverse effects and normal weight gain in the mice during the treatment period is a
promising indication of the safety and effectiveness of snail slime. Therefore, this study
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suggests that snail slime extracted from Cepaea hortensis (Miiller, 1774) has potential as a
natural alternative in wound-healing therapy.

Average Healing Rate
100.00

90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00
D8 D12 D16 D20 D24

e | eNGth test e \Nidth test

Average of the three length procedures === Average of the three width procedures

Figure 5. Comparison of the average healing rate of the three tests and the healing rate of snail slime.

Negative control Positive control Test

D4

D8

D12

Figure 6. Cont.
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D16

D20

D24

Figure 6. The visual representation of the healing process in the three groups of rabbits.

4. Conclusions

The results of this study revealed that snail mucus has a therapeutic effect in reducing
inflammation and promoting wound healing. Moreover, the toxicity tests revealed no signs
of skin or eye irritation. The obtained results are in line with the literature data showing
the antioxidant, antibacterial and pro-healing effects reported for other snail mucus.

Based on these results, snail mucus could be a promising candidate for medicinal
exploitation as a cream or gel to harness the therapeutic benefits of snail mucus safely and
effectively after appropriate clinal studies.

Further research is needed to elucidate the underlying mechanisms of action and assess
longer-term toxicity. Identification of the active metabolites would enable the development
of standardized formulations. This would contribute to a better understanding of the
medical potential of snail slime and its use as a natural therapeutic agent.
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