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Background
Mucus from several species of snails has been known to contain bioactive
compounds such as anti-tyrosinase and anti-elastase. These two compounds
contribute as whitening agents and anti-wrinkle agents, respectively. Among the
many land snail species in Indonesia, only one species, Lissachatina fulica, has
been analyzed for its bioactive compound. This species is an invasive alien species
and non-native to Indonesia. In this study, we aim to unravel the bioactive
compounds in one Indonesian native species, Hemiplecta humphreysiana.
Objective
To identify bioactive compounds in the mucus of H. humphreysiana using ultra-
performance liquid chromatography-mass spectrometry/mass spectrometry
quadrupole time-of-flight (UPLC-MS/MS QTOF) and to evaluate their potential
as anti-tyrosinase and anti-elastase agents using molecular docking.
Materials and methods
Carbonate buffer at pH 9.4 was used to extract mucus from H. humphreysiana
snails. Lyophilized mucus samples were dissolved in methanol and
dichloromethane solvents, filtered, and injected into a UPLC-MS/MS instrument.
The data analysis was conducted using MassLynx software. The molecular
formulas and spectra were compared with databases such as ChemSpider,
PubChem, MassBank, Human Metabolome Database, and the National Institute
of Standards and Technology to obtain the metabolomic profile of the sample.
Bioactive metabolites were evaluated for ligand–protein interactions using a
molecular docking approach with AutoDock tools and AutoDock Vina. Results
were visualized in two-dimensional and three-dimensional using Discovery Studio
and analyzed for bond affinity energy. Scoring was conducted to identify potential
inhibitors of tyrosinase or elastase.
Results and conclusion
A total of bioactive compounds were identified from the mucus of H.
humphreysiana Lea, 1840. Twenty compounds were identified as suspected
compounds, and 13 were confirmed. Based on the bioavailability and toxicity
characteristics, analysis of affinity energy, and ligand–receptor interaction, about
13 compounds can inhibit tyrosinase, and 12 compounds can inhibit elastase.
Indoleacrylic acid and withanone were determined to be lead compounds with
anti-tyrosinase activity, while withanone and 7-[2-(1-adamantyl)-2-oxoethyl]-1,3-
dimethyl-8-(4-methylpiperazin-1-yl) purine-2,6-dione were identified as lead
compounds as anti-elastase agents. Metabolomic profiling using UPLC-MS/MS
QTOF can identify bioactive compounds for use as test ligands in molecular
docking. The presence of lead compounds in H. humphreysiana mucus to inhibit
tyrosinase and elastase shows its potential as a whitening and anti-wrinkle agent,
respectively. This study initiates the bioprospecting of H. humphreysiana mucus
as nutricosmeceuticals for future research.
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Introduction
The use of snails (mollusk: gastropoda) in daily life is
common for local people in Indonesia. The snails are
often used for human consumption, animal feed, and
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traditional medicine [1]. The snails have now become a
global trend. The mucus of land snails is now being
used as the base ingredient for nutricosmeceutical.
Nutricosmeceutical is an industrial term obtained by
combining “nutraceuticals” and “cosmeceuticals” to
describe supplements, functional foods, and drinks
that contain active ingredients for beauty and health
[2]. According to transparency market research [3],
skin care dominates the nutricosmetics market with an
expected growth rate of 4.5% compound annual growth
rate to reach $194.961 million in 2024, and with a
projected 5% compound annual growth rate, the
market is expected to be worth US$7.93 billion by
2025. Along with the increasing demand for natural
cosmetics, there has been an increase in the global
market for beauty products with natural raw materials.
One of the natural raw materials used for beauty
products is snails, taking their extract, mucus, oil,
serum, or filtrate.

The part of the snail most used as a natural rawmaterial
for beauty products is snail mucus, which can stimulate
the formation of collagen, elastin, and dermal
components, improving signs of photoaging and
reducing damage produced by free radicals [4]. The
snail mucus reportedly contains an active mixture of
substances such as allantoin, collagen, elastin, and
glycolic acid along with glycoproteins (mucin) and
mucopolysaccharides, which are generally considered
useful in the treatment of skin disorders [5]. Allantoin,
or 5-ureidohydantoin, is one of several uric acid
oxidation products that is safe and effective for use
as a raw material for skin protection [6,7]. Allantoin
helps fight skin damage because it has a desquamating
action and helps cell proliferation and wound healing.
Allantoin can be used in personal care products and
cosmetics such as shampoo, lotion, cream, lipstick,
anti-acne products, and others because allantoin can
bind the water content of the extracellular matrix
and form complexes with irritating and sensitizing
substances [8].

The snail mucus can act as a tyrosinase and elastase
inhibitor [9,10]. Tyrosinase inhibition is popular in the
beauty and medical fields because it can prevent
melanogenesis (the process of melanin biosynthesis)
by inhibiting enzymatic oxidation. Tyrosinase
inhibitors can brighten the skin by reducing the
effect of skin darkening, as the melanogenesis
mechanism is inhibited, thereby preventing melanin
hyperpigmentation [11]. Meanwhile, elastase plays a
role in degrading elastin in the skin. The damage to
elastin fibers causes skin elasticity to decrease [12].
Elastase activity increases significantly with age and is
also caused by the presence of free radicals, thereby
reducing the elasticity of the skin, and making the skin
appear aged and withered. Elastase has a significant
impact on the metabolism of elastic fibers in skin tissue
during photoaging [13]. Inhibition of elastase is
currently a trend in the beauty sector because it can
inhibit the process of elastin degradation, which can
maintain skin elasticity and prevent skin from
wrinkling.

The global use of land snail mucus is still limited to a
few species, such as Helix aspersa (Cornu aspersum),
Lissachatina fulica, and Hemiplecta distincta [1]. The
mucus of the land snailH. aspersa can inhibit tyrosinase
activity and melanin production in cell lines [14]. H.
distincta, a land snail from Thailand, also produces
mucus which exhibits anti-tyrosinase as well as
antioxidant activity [15]. In Sumatra and Java, there
are at least 280 and 263 land snail species, respectively
[16,17]. Indonesia, especially Java, is not the natural
distribution area of H. aspersa. The species is naturally
distributed in Europe. L. fulica is an invasive alien
species that is found abundantly in human-modified
habitats. Java, the most populated island in Indonesia,
is covered by large areas of human-modified habitat.
The presence of L. fulica is common on the island.
Meanwhile, H. distincta has not been recorded in Java.
However, H. humphreysiana, a sister species of H.
distincta, can be found in agroforests and plantations
with good canopy coverage in Java.

H. humphreysiana has a relatively large body (about
5 cm in size) and can produce a good amount of mucus
[18,19]. This species has the potential to be developed
for nutricosmeceutical products. Therefore, the
identification of bioactive compounds from H.
humphreysiana mucus and their effects on skin health
and beauty needs to be conducted to enter the
nutricosmeceutical market. This research aims to
identify bioactive compounds in the mucus of H.
humphreysiana using ultra-performance liquid
chromatography-mass spectrometry/mass spectrometry
quadrupole time-of-flight (UPLC-MS/MS QTOF)
and to unveil their potential as anti-tyrosinase and anti-
elastase agents using molecular docking.
Materials and methods
Samples collection
The land snail samples of H. humphreysiana were
collected from Menoreh, Yogyakarta, Indonesia.
These samples were transported to the laboratory for
molluscs and other invertebrates at the National
Research and Innovation Agency of Indonesia. The
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snails were housed in a ventilated box (36×28×13 cm)
filled with garden soil and small rocks to mimic their
natural habitat. The box was sprayed with water twice
daily to maintain humidity. It was placed in the room
with an air conditioner set to 25°C and 70–80%
humidity. During the experiment, the snails were
fed a diet of oyster mushrooms (Pleurotus ostreatus),
cucumbers (Cucumis sativus), and papayas (Carica
papaya) [1,18].
Mucus extraction
The mucus extraction involved stimulating the snails
with a carbonate buffer at pH 9.4 for 30min, inducing
mucus production without harm. The mucus was then
filtered through glass wool to remove contaminants
and freeze-dried for storage.
Metabolomic profiling
Lyophilized mucus samples were dissolved in methanol
and dichloromethane (DCM) to a concentration of
1000 μg/ml, filtered, and injected into a UPLC-MS/
MS instrument. The mobile phase consisted of 5mM
ammonium formate in H2O and 0.05% formic acid in
acetonitrile, with a flow rate of 0.20ml/min and a
column temperature of 50°C. A C18 HSS T3
1.8 μm column and QTOF detector with ESI were
used. Data analysis was conducted using MassLynx
software. After that, the molecular formulas and
spectra were compared with databases such as
ChemSpider, PubChem, MassBank, Human
Metabolome Database, and National Institute of
Standards and Technology to obtain thhe
metabolomic profile of the sample.
Prediction of bioavailability and toxicity ligands
The ligands were further evaluated for their similarity
to drug-like compounds using the Lipinski Rule of
Five, which can be accessed at http://scfbio-iitd.res.in/
software/drugdesign/lipinski.jsp. The compounds that
met the Lipinski criteria were subsequently subjected
to toxicity prediction tests. The ligands, in SMILES
format, previously obtained using the ChemSketch
software, were used to predict toxicity values,
accessible at admetSAR (http://lmmd.ecust.edu.cn/
admetsar1/predict/). The toxicity parameters
analyzed included inhibition of the human ether-a-
go-go-related gene, carcinogenicity, and acute oral
toxicity. Predictions for skin sensitization were
carried out using the database available on the
pKCSM website.
Molecular docking
Molecular docking assessed ligand–protein
interactions, focusing on binding affinity. The steps
included ligand and receptor preparation, validation,
docking, visualization, and scoring. Ligands were
reconstructed using ChemSketch and saved in
*MOL and *SMILE formats, converted to *PDB
and *PDBQT formats using Discovery Studio and
AutoDock tools. Receptors (tyrosinase, PDB ID:
6EI4; elastase, PDB ID: 4YM9) were prepared by
removing water, heteroatoms, and complex ligands,
then saved in *PDB format and converted to
*PDBQT with hydrogen added to polar parts and
Gasteiger charges calculated. Natural ligands B5N
and 4E4 were separated from receptors and prepared
similarly.

The docking was validated by redocking natural ligands
and assessing RMSD values, with RMSD less than 2 Å
considered valid. Molecular docking was performed
using AutoDock tools and AutoDock Vina, with
specific grid box settings for each receptor. Results
were visualized in Discovery Studio and analyzed for
bond affinity energy.
Visualization and scoring
The docking results were visualized in two-
dimensional (2D) and three-dimensional (3D) using
Discovery Studio. The 3D visualization showed ligand
binding sites on receptors, while 2D analyzed
molecular interactions such as hydrogen bonds and
hydrophobic interactions. Scoring considered affinity
energy and inhibition area, comparing the test ligand’s
affinity energy and the number of interacting amino
acid residues with those of comparison ligands. The
final score averaged these percentages, identifying
potential inhibitors of tyrosinase or elastase.
Results and discussions
The chromatogram data fromUPLC-MS/MS analysis
showed 33 compounds from two types of solvents
(methanol and DCM) (Fig. 1). Among these, 20
compounds are suspected compounds, and 13
compounds are confirmed compounds (Tables 1 and
2). The suspected compounds were identified by
molecular formulas and parent ion spectra from low-
energy spectrometry systems and matched with
databases such as ChemSpider or PubChem.
Meanwhile, the confirmed compounds were those
among the suspected compounds. The isomers were
confirmed by analyzing the daughter ion(s) spectra
from the medium-energy spectrometry system and
comparing them with the spectra on the MassBank,
Human Metabolome Database, and National Institute
of Standards and Technology databases. These
bioactive compounds were used as test ligands in



Figure 1

Chromatogram of Hemiplecta humphreysiana Lea, 1840 mucus with (a) methanol solvent and (b) dichloromethane (DCM) solvent.
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this study. The compounds with the highest abundance
were di(2-ethylhexyl)-phthalate (methanol solvent)
and 4,4’-bis(1-phenylmethyl) diphenylamine (DCM
solvent).

The crystal structure of the tyrosinase receptor (PDB
ID: 6EI4) and elastase receptor (PDB ID: 4YM9) was
used in previous studies [19,20]. The crystal structure
of tyrosinase (PDB ID: 6EI4) was deposited by Ferro
et al. [21] with a resolution of 2.00 Å. The secondary
structure of the receptor obtained from https://www.
rcsb.org/sequence/6EI4 shows the active site area,
which includes residues His42, Val218, Arg209,
His208, Pro201, His204, His231, His69, and
His60. The binding area of the B5N inhibitor on
the active site of the tyrosinase is predominantly
covered by hydrophobic interactions formed with
amino acid residues Val218, His208, Arg209, and
Pro201. However, the crystal structure of elastase
(PDB ID: 4YM9) was deposited by Ruivo et al. [22]
with a resolution of 1.80 Å. Its secondary structure
shows the active site area, including residues His57,
Gly193, Ser195, and Ser214. The binding area of the
4E4 inhibitor on the active site of the elastase is
predominantly covered by hydrogen bonds with
amino acid residues Gly193 and Ser195. The ligand
binding to the active site inhibits the receptor’s action
because the enzyme’s substrates cannot attach to the
active site [23].

The receptor stability is an important factor that must
be ensured before running molecular docking. As the
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results of molecular docking are predictive, all
instruments, including receptor stability, must be
well-prepared to ensure that the results are as close
as possible to real conditions. Two parameters can be
used to determine the receptor stability: resolution and
the Ramachandran plot of the receptor [23]. A receptor
can be considered stable if its resolution is less than
2.5 Å and the disallowed region on the Ramachandran
plot is less than 15% [23–25]. Both receptors in the
present study have a resolution of less than 2.5 Å and
can be considered stable. The Ramachandran plot of
tyrosinase (PDB ID: 6EI4) is shown in Fig. 2a,
indicating that 97.7% (558/571) of all residues are in
the favored regions, 100.0% (571/571) are in the
allowed regions, and 0 (0.0%) are in the disallowed
regions. The Ramachandran plot of elastase (PDB ID:
4YM9), as presented in Fig. 2b, shows that 98.4%
(239/243) of all residues are in the favored regions,
100.0% (243/243) are in the allowed regions, and 0
(0.0%) are in the disallowed regions. According to
Vinsentricia et al. [26], a higher percentage of
residues in the favored regions and a smaller
percentage of nonglycine residues in the disallowed
regions indicate greater stability of the protein
structure. This suggests that all amino acid residues
in the tyrosinase receptor (PDB ID: 6EI4) and elastase
receptor (PDB ID: 4YM9) can form a stable protein
structural conformation that resembles the actual
protein conformation and thus can be used for the
validation stage of molecular docking.

The selected receptor and its natural ligand were used
for grid box validation and molecular docking.
Validation for both tyrosinase and elastase enzyme
Figure 2

Ramachandran plot of (a) tyrosinase receptor and (b) elastase receptor
receptors showed superimposition results with an
RMSD of less than 2 Å (Fig. 3). The
superimposition of the natural ligand on the initial
and redocking positions met the valid requirements for
molecular docking simulations [27]. The redocking of
the B5N natural ligand for the tyrosinase receptor
showed an affinity energy value of −8 kcal/mol. In
comparison, the redocking of the 4E4 natural ligand
for the elastase receptor showed an affinity energy value
of −4.8 kcal/mol. A more negative affinity energy
indicates a stronger binding affinity [28].
Prediction of bioavailability and toxicity ligands
The test ligands, comprising 32 compounds identified
from UPLC-MS/MS and two natural comparison
ligands (B5N and 4E4), were screened for similarity
with drug characteristics (bioavailability properties)
using the Lipinski’s rule of five (Ro5) and predicted
for toxicity using admetSAR. Bioavailability measures
the extent, rate, and amount of active compounds in
systemic circulation that can reach the target site,
making it a critical parameter for evaluating the
quality and effectiveness of a drug candidate [29].
Although the bioprospecting of H. humphreysiana
mucus is aimed at cosmeceuticals, drug-likeliness
and toxicity were still assessed. Drug-likeliness was
evaluated using Lipinski’s Ro5, which predicts a
compound’s ability to penetrate cell layers. In
cosmeceuticals, even with topical application, the
ability of an active compound to penetrate the skin
layer is crucial for demonstrating efficacy. Toxicity was
also predicted to assess potential adverse effects if the
cosmeceuticals containing the mucus are accidentally
ingested during application.
.



Figure 3

Molecular docking validation (a) Superimposition of B5N in initial (purple) and redocking (green) positions on tyrosinase (PDB ID: 6EI4) with
RMSD 0.767 Å; (b) superimposition of 4E4 in initial (purple) and redocking (green) positions on elastase (PDB ID: 4YM9) with RMSD 1.046 Å; (c)
2D interaction between B5N ligand and tyrosinase (PDB ID: 6EI4); (d) 2D interaction between 4E4 ligand and elastase (PDB ID: 4YM9).
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A compound has potentially drug-like properties if it
does not violate more than two of Lipinski’s rules,
which are: the compoundmust have amolecular weight
of less than or equal to 500Da, the number of hydrogen
bond donors less than or equal to 5, hydrogen bond
acceptors less than or equal to 10, log P less than or
equal to 5, andmolar refractivity in the range of 40–130
[30,31]. Based on the study’s results, 30 of the 32 tested
ligands and the two comparison ligands used in this
study complied with Lipinski’s Ro5 rules, allowing
them to proceed to ligand toxicity analysis, including
skin sensitization (Table 3).

The toxicity prediction aims to identify the detrimental
effects of certain compounds on humans, animals,
plants, or the environment [32]. Testing drug
toxicity or safety is significant in discovering and
developing new drugs [33]. The virtual platform
used to predict the toxicity of compounds in this
study was admetSAR, with the parameters analyzed
including human ether-a-go-go-related gene
inhibitors, carcinogenicity, and acute oral toxicity.
The prediction results for the human ether-a-go-go-
related gene inhibition show that one test ligand is
categorized as a strong inhibitor (P=0.6077), while 29
test ligands are categorized as weak inhibitors. Based
on the carcinogenicity prediction results, 21 test ligands
were classified as noncarcinogenic, while nine test
ligands were classified as carcinogenic, with a P
value of 0.77. Based on the prediction results of
acute oral toxicity in Table 3, 25 test ligands were
categorized in categories III and IV, and four test
ligands were in category II with a probability value.
The prediction results for skin sensitization showed
that among the 32 test ligands and two comparison
ligands, 12 ligands might cause allergies and skin
irritation due to interactions between the skin and
chemical substances.
Molecular docking and visualization
The principle of molecular docking is to place the
ligand into the receptor’s active site, followed by
evaluating the molecule based on its structural
conformation and electrostatic properties [34]. This
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Hemiplecta humphreysiana mucus as anti-tyrosinase and anti-elastase Purwanto et al. 112
aligns with the concept of competitive inhibition,
which explains that molecules other than substrates
compete for binding to the active site of the enzyme.
Therefore, it is essential to analyze the percentage of
the inhibition coverage area on the receptor’s active site
[35]. Competitive inhibition occurs because the
inhibitor has a structure that resembles the substrate,
allowing the inhibitor to compete for binding to
receptors or enzymes [36]. The comparison ligands
(B5N and 4E4) and the 30 test ligands passed
bioavailability and toxicity predictions. The results
show that the B5N ligand has a binding affinity
energy value of −8 kcal/mol with an inhibition
coverage area of 55.55% on the active site of the
tyrosinase receptor (Table 4). The 4E4 ligand has a
binding affinity energy value of −4.8 kcal/mol with an
inhibition coverage area of 100% on the active site of
the elastase receptor (Table 5). The molecular docking
results were visualized in two dimensions using
Discovery Studio to observe the interaction between
the ligand and receptors.

The visualization results show hydrogen bonds,
hydrophobic interactions, van der Waals bonds, and
the interacting receptor amino acid residues. A
hydrophobic bond between the ligand and the
protein is essential to stabilize the conformation of
the ligand on the protein binding site [37]. Meanwhile,
van der Waals interactions function as stabilizers for
the complex, so the greater the number of van der
Waals interactions between the ligand and receptors,
the more stable the formed bonds [38]. The
interactions between the ligand and the tyrosinase
receptor are shown in Table 4, while the interactions
between the ligand and the elastase receptor are shown
in Table 5. The interaction of the B5N inhibitor with
the tyrosinase receptor forms five hydrophobic
interactions, seven van der Waals interactions, and
two hydrogen bonds. The hydrogen-bonded amino
acid residues are Asn205 with bond distances of
4.08 and 5.02 Å and Arg209 with a bond distance
of 4.22 Å (Fig. 3a, c). The interaction of the 4E4
inhibitor with the elastase receptor forms three
hydrophobic interactions, eight van der Waals
interactions, and two hydrogen bonds. The
hydrogen-bonded amino acid residues are Ser214
with bond distances of 5.25 and 5.39 Å and Gly193
with a bond distance of 3.66 Å (Fig. 3b, d). Hydrogen
bonds with a distance in the range of 2.2–2.5 Å are
categorized as strong interactions, distances of 2.5–3.2
Å are categorized as moderate interactions, and
distances in the range of 3.2–4.0 Å are categorized
as weak interactions [39]. This indicates that the B5N
and 4E4 inhibitors both have hydrogen bonds with the
amino acid residues on the active sites of the tyrosinase
and elastase receptors. However, these interactions are
categorized as weak.

The score, based on the accumulation of the affinity
energy value and the percentage of the inhibition
coverage area for the tested ligands, determines the
number of compounds with the potential to inhibit
tyrosinase and elastase enzymes. The scoring results
showed that 13 ligands have a higher scoring value than
the B5N inhibitor (Fig. 4). The ligands with potential
as tyrosinase inhibitors are benzocaine, indole acrylic
acid, 7-[2-(1-adamantyl)-2-oxoethyl]-1,3-dimethyl-
8-(4-methylpiperazin-1-yl) purine-2,6-dione,
withanone, N, N-dimethyl-4-[(E)-2-(4-pyridinyl)
vinyl]aniline, (2E)-2-(mesitylmethylene)-N-(3-
methylphenyl)hydrazinecarbothioamide, perazine, 2-
amino-6-benzyl-3-cyano-4,5,6,7-tetrahydrothieno
[2,3-c]pyridine, phenyl(2-pyridinyl)methanone, 1-[1-
[(4S)-7-(diaminomethylideneamino)-4-[4-
(diaminomethylideneamino)-butylamino]heptyl]-2-
oxopyrimidin-4-yl]-3-methylurea,
benzenemethanamine, 4,4’-bis(1-phenylethyl)
diphenylamine, and alverine. In addition, there are
12 ligands with higher scoring values than the 4E4
inhibitor and thus are potential catalase inhibitors
(Fig. 5). The ligands are indoleacrylic acid, 7-[2-(1-
adamantyl)-2-oxoethyl]-1,3-dimethyl-8-(4-
methylpiperazin-1-yl) purine-2,6-dione, withanone,
cholesteryl acetate, mirtazapine, (2E)-2-
(mesitylmethylene)-N-(3-methylphenyl)
hydrazinecarbothioamide, perazine, 2-amino-6-
benzyl-3-cyano-4,5,6,7-tetrahydrothieno[2,3-c]
pyridine, 2-({4-cyclohexyl-5-[1-(dimethylamino)-
propyl]-4H-1,2,4-triazol-3-yl}sulfanyl)-1-(4-
morpholinyl)-ethenone, 1-[1-[(4S)-7-
(diaminomethylideneamino)-4-[4-
(diaminomethylideneamino)-butylamino]heptyl]-2-
oxopyrimidin-4-yl]-3-methylurea,
benzenemethanamine, and 4,4’-bis(1-phenylethyl)
diphenylamine.

Indoleacrylic acid (95.62%) has the highest scoring
value based on the molecular docking of the test
ligands to the tyrosinase receptor, followed by 4,4’-
bis(1-phenylmethyl)diphenylamine (94.51%) and
withanone (93.26%). Except for 4,4’-bis(1-
phenylmethyl)diphenylamine, these compounds are
the most promising candidates for anti-tyrosinase
activity. Withanone (134.37%) also achieved the
highest scoring value in the molecular binding of the
test ligands to the elastase receptor, followed by 4,4’-bis
(1-phenylethyl)diphenylamine (133.33%) and 7-[2-(1-
adamantyl)-2-oxoethyl]-1,3-dimethyl-8-(4-
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methylpiperazin-1-yl)purine-2,6-dione (129.16%).
These compounds are the most promising
candidates for elastase enzyme inhibition, except for
4,4’-bis(1-phenylmethyl)diphenylamine. The latter is
considered carcinogenic based on the admetSAR
analysis, with category III acute oral toxicity, and
thus is not a viable candidate for anti-tyrosinase and
anti-elastase activities. Although indoleacrylic acid and
withanone have the highest scoring values, they are not
classified as the compounds with the highest
abundance in the mucus of H. humphreysiana Lea,
1840.

Themucus of land snails primarily consists of allantoin,
glycolic acid, collagen, and elastin [5]. Moreover,
mucus from certain land snail species often contains
mucin, achacin, and mitomycin. However, our study
found that the mucus of H. humphreysiana does not
contain allantoin (C4H6N4O3) or mitomycin
(C15H18N4O5). Glycolic acid (alpha-hydroxyacetic
acid) can penetrate the skin, increase collagen
synthesis by fibroblasts, and modulate matrix
degradation and collagen synthesis through cytokines
released by keratinocytes. This process accelerates
epidermal turnover, prevents melanin formation,
directly inhibits tyrosinase activity, and enhances
UV-induced pigmentation [40]. We detected a
similar compound in the mucus of H.
humphreysiana, namely (2,2-dihydroxyacetoxy)
(hydroxy) acetic acid (C4H6O7).

Each species of land snail seems to have distinct
glycoproteins involved in antimicrobial activity.
Hemocyanin β c-HaH is an antimicrobial peptide
isolated from the mucus of H. aspersa [5]. In
contrast, achacin was identified in the 30 and
60 kDa protein bands of L. fulica found in Thailand
[15]. This glycoprotein demonstrated antimicrobial
activity against Escherichia coli and Staphylococcus
aureus [41]. The protein band of H. distincta from
Thailand differs from achacin, suggesting the need for
further investigation into its antimicrobial molecules
[15].

The mucus from L. fulica, a well-known invasive alien
land snail species, contains various bioactive
compounds. One of the identified bioactive
compounds from this species is alkaloids [42].
Alkaloids contain at least one nitrogen atom in a
heterocyclic ring structure and possess antimicrobial
and antioxidant properties [43,44]. They also have
anti-inflammatory activity, which makes them
potential candidates for drug formulations to treat
inflammation in the body [45].
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The UPLC-MS/MS QTOF analysis with methanol
and DCM solvents detected 33 bioactive compounds
in the mucus of H. humphreysiana. Among these, 14
alkaloids were identified (seven suspected and seven
confirmed). The confirmed alkaloids are benzocaine
(C9H11NO2), benzenemethanamine (C20H11N), (−)
epinephrine (C9H13NO3), mirtazapine (C17H19N3),
perazine (C20H25N3S), phenyl(2-pyridinyl)
methanone (C12H9NO), and indoleacrylic acid
(C11H9NO2).

Indoleacrylic acid is the most potential candidate for
anti-tyrosinase activity. Tyrosinase is a metalloenzyme
found in many microorganisms, animals, plants, and
humans, which plays a role in the biosynthesis of
melanin [46,47]. Anti-tyrosinase activity can inhibit
the melanogenesis mechanism, thereby preventing
melanin hyperpigmentation. Consequently, it can
brighten the skin by reducing the effect of skin
darkening. Indoleacrylic acid in the mucus of H.
humphreysiana is the most potential candidate for
anti-tyrosinase. Furthermore, indoleacrylic acid (IA)
is confirmed to have an anti-inflammatory response
and enrich antioxidant pathways, making it relevant for
human peripheral blood mononuclear cells [48].

The mucus of H. humphreysiana is proven to contain
bioactive compounds that can inhibit elastase. Elastase
is a proteolytic enzyme that breaks down elastin,
collagen, fibronectin, and other extracellular matrix
proteins [49]. Elastase plays a role in degrading
elastin in the skin. Elastin is an extracellular matrix
protein of connective tissue that provides elasticity to
the skin, lungs, blood vessels, and ligaments. It
contains more than 30% glycine, and about 75% of
its entire sequence consists of only four hydrophobic
amino acids (glycine, valine, alanine, and proline).
Elastin supports the structure and physical properties
of the skin [50]. It forms elastic fibers in the dermis of
the skin, influencing skin elasticity. Damage to elastin
fibers leads to decreased skin elasticity [12]. The
secretion and activation of elastase from skin
fibroblasts in response to UV irradiation and
cytokines released by keratinocytes are responsible
for the degeneration of the three-dimensional
structure of elastic fibers during wrinkle formation
[13].

found in the mucus of H. humphreysiana, which has
the highest binding score for elastase inhibitors. The
compound is a natural product from plants of the
Solanaceae family, including potatoes, tomatoes, and

Withanone (C28H38O6) is a glycerophospholipid
peppers, as well as Ashwagandha or Indian ginseng.
This is the first record of withanone being isolated
from animals. The compound is also a potential
candidate for cancer therapy [51]. The study by
Noothuan et al. [15] showed that the mucus of L.
fulica and H. distincta contains anti-tyrosinase and
antioxidant activities, which can benefit therapeutic
and cosmetic applications. Various metabolites in H.
humphreysiana mucus have been identified and may
have bioactivities. However, the present study was
limited to anti-tyrosinase and anti-elastase activities,
which were confirmed by molecular docking studies.
These findings support the potential of H.
humphreysiana mucus as a whitening agent and anti-
wrinkle candidate.
Conclusion
To uncover the significant potential of a species,
bioprospecting and identifying its bioactive
compounds are essential. This study initiates the
bioprospecting of H. humphreysiana mucus as
nutricosmeceuticals for future research. The
metabolomic study using UPLC-MS/MS QTOF
identified 33 bioactive compounds from H.
humphreysiana mucus. Molecular docking studies
indicate that indoleacrylic acid and withanone are
lead compounds for anti-tyrosinase activity, while
withanone and 7-[2-(1-adamantyl)-2-oxoethyl]-1,3-
dimethyl-8-(4-methylpiperazin-1-yl) purine-2,6-
dione are lead compounds for anti-elastase activity.
The presence of these lead compounds in H.
humphreysiana mucus suggests potential applications
as a whitening and an anti-wrinkle agent, respectively.
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Figure 4

Visualization of the interaction of the test ligands with tyrosinase receptors (2D and 3D) (a) benzocaine; (b) indoleacrylic acid; (c) 7-[2-(1-
adamantyl)-2-oxoethyl]-1,3-dimethyl-8-(4-methylpiperazine-1-yl)purine-2,6-dione; (d) withanone; (e) N,N-Dimethyl-4-[(E)-2-(4-pyridinyl)
vinyl]aniline; (f) (2E)-2-(Mesitylmethylene)-N-(3-methylphenyl)hydrazinecarbothioamide; (g) perazine; (h) 2-Amino-6-benzyl-3-cyano-
4,5,6,7-tetrahydrothieno[2,3-c]pyridine; (i) phenyl(2-pyridinyl)methanone; (j) 1-[1-[(4S)-7-(diaminomethylideneamino)-4-[4-(diaminome-
thylideneamino)butylamino]heptyl]-2-oxopyrimidin-4-yl]-3-methylurea; (k) benzenemethanamine; (l) 4,4’-Bis(1-phenylethyl)diphenyl-
amine; and (m) alverine.
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Figure 5

Visualization of the interaction of the test ligands with the elastase receptor (2D and 3D). (a) indoleacrylic acid; (b) 7-[2-(1-adamantyl)-2-
oxoethyl]-1,3-dimethyl-8-(4-methylpiperazine-1-yl)purine-2,6-dione; (c) withanone; (d) cholesteryl acetate; (e) mirtazapine; (f) (2E)-2-(Mesityl-
methylene)-N-(3-methylphenyl)hydrazinecarbothioamide; (g) perazine; (h) 2-Amino-6-benzyl-3-cyano-4,5,6,7-tetrahydrothieno[2,3-c]pyridine;
(i) 2-({4-Cyclohexyl-5-[1-(dimethylamino)-propyl]-4H-1,2,4-triazol-3-yl}sulfanyl)-1-(4-morpholinyl)-ethenone; (j) 1-[1-[(4S)-7-(diaminomethylide-
neamino)-4-[4-(diaminomethylideneamino)-butylamino]heptyl]-2-oxopyrimidin-4-yl]-3-methylurea; (k) benzenemethanamine; and (l) 4,4’-Bis(1-
phenylethyl)diphenylamine.
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