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ABSTRACT

Background: Terrestrial snails produce slime with antimicrobial properties used in
skincare products. Mucin, derived from snail mucus, has biomedical applications like
wound healing and anti-cancer purposes. Mucins are glycosylated proteins used in fields
like biotechnology. The Helix complex in mucin provides antibacterial and therapeutic
benefits, including skin protection and wound repair. Snail mucin has anti-tumor activity
against melanoma cells. Gold nanoparticles explored for drug delivery and wound
healing. Objective: Research on mucin from E. vermiculata aims to assess anti-
inflammatory, antimicrobial, and anti-cancer potentials for skincare and wound healing.
Methodology: Slime was collected from snails and extracted to obtain mucin fraction.
Gold nanoparticles were activated and incubated with mucin protein. The hydrodynamic
diameter and zeta-potential of the nanoparticles were determined. A protein acrylamide
gel was prepared to elucidate mucin conjugation. In vitro tests were conducted using
different extracts and proteins to evaluate denaturation. A cytotoxicity assay using
hemolysis and Vero cell line was performed to assess cellular toxicity. The anticancer
activity of conjugated mucin on HepG2 cell line was evaluated. MIC were determined
for various substances using bacterial isolates. The antimicrobial effect was examined
on different Gram-negative bacteria. The minimum growth inhibitory concentration of
ceftriaxone in free and nanostructure forms was determined using the broth dilution
method. Statistical analysis was conducted to evaluate the results of the study.Results:
The absorption and IR spectra indicated protein binding to AuNPs, confirmed by the
presence of specific peaks related to peptides and amino acids. SDS-PAGE analysis
verified the conjugation of mucin to AuNPs. Cytotoxicity evaluation showed minimal
effects on membrane stabilization and hemolysis, with no cytotoxicity against normal
kidney cells but significant anti-proliferative effects on liver cancer cells. Antimicrobial
testing revealed improved efficacy against E.coli with conjugated mucin, while gold
nanoparticles also exhibited antimicrobial effects. Conclusion: E. vermiculata mucin-
AuNPs have antimicrobial, anti-inflammatory, anticancer effects.

INTRODUCTION

Terrestrial snails secrete slime, which protects the
animal from microbial infections hence it was
considered a powerful antimicrobial agent, and widely
used in many skincare compositions and anti-aging
formulas®® Recently, a derivative of mucous called
mucin has been widely used in biomedical applications
as a wound healing, hepatoprotective, antioxidant,
anticancer, anti-microbial agent, and the treatment of
skin disturbances®. Mucins are a highly glycosylated
protein family that were used as a lucrative agent in
biotechnology, biomedicine, biology, and chemistry”.
Where mucin-based films to polyethylene terephthalate
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could effectively reduce the immune response triggered
by IgG and IgM absorption into the plastic®.

Because of the presence of the Helixcomplex, which
includes glycolic acid and allantoin, the mucin had
antibacterial action as well as a number of therapeutic
qualities, including skin  protection and wound
repair®. A study on Helix aspersa maxima snail's
mucous confirmed the anti-tumor activity against
human melanoma cells, where it declined the viability
and hindered the metastasis of melanoma cells. Snail
mucin biopolymers could be used as excellent
candidates for novel medication delivery systems due to
their flexibility. Gold nanoparticles have obtained great
attention owing to their low toxicity to animal and
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microorganism cells compared to other metal
nanoparticles, thus supporting their use as drug delivery
systems, markers, and photo-thermal agents, as well as
radiotherapy enhancers’.

Recent studies have established new prospects for
preparing well-functionalized AuNPs for wound
healing. The AuNPs use should have profits including
improved mechanical stability and resistance against
enzymatic degradation when incorporated into tissue
scaffolds for skin tissue engineering applications®. To
try this paradigm,a snail secretion from Helix
aspersa, has been used for synthesizing AuNPs, which
are used in cosmetics and human skincare. The AuNPs-
SS could be used as a wound healing and anti-
inflammatory agent”.

In this study we aimed to investigate the potential
anti-inflammatory,  antimicrobial and anti-cancer
activity of mucin purified from E. vermiculata mucous
conjugated to chemically synthesized AuNPs.

METHODOLOGY

All authors confirm that all methods were performed
in accordance with the relevant guidelines and
regulations
Ethics approval and consent to participate:

The blood sample used in the study was obtained
from an archived blood sample from a research project
(ID: 17-2-12) supported by the Ministry of Scientific
Research Egypt and the National Research Foundation
South Africa, with Professor Mohamed Abbas Shemis
as the principal investigator. Ethical approval and
informed consent were obtained for the use of blood
from healthy human donors.

Pure slime was collected by using a sterile wooden
rod to rub on the muscular foot of the snail. About
100ml of crude slime from thirty snails was
collected, then it was sterilized by filtering through
0.45-um filter *° and was kept in sterile containers for
12 h at 4 °C to be used for extraction of mucin. The
precipitation was re-dissolved with Tris-HCI buffer and
finally, mucin fraction was obtained.

Diclofenac sodium, ceftriaxone disodium, normal
Saline, andultra-pure water were kindly obtained from
Pharco. This solution was heated for a further 10 min
and then cooled to room temperature with continuous
stirring. Finally, the resulting solution was filtered
through a 0.2 um ultra-filtration membrane to remove
aggregated particles and stored at 4°C'™'?'3! The
precipitate was triplet-washed with water and
centrifuged subsequently.

The washed gold nanoparticles (AuNPs were
synthesised from an aqueous solution of gold chloride
(hydrogen tetrachloroaurate (I11) trihydrate, HAuCI,,
with a concentration of 1.0 g/L.) Gold (Ill) chloride
trihydrate (HAuCl, were supplied by Loba-chemi
(India). were resuspended in ultra-pure water to a

concentration of 100 pg/ ml. The resuspended particles
were activated using 40 mM of EDC and 10 mM of
NHS (N-Hydroxysuccinimide) were purchased from
Sigma-Aldrich (Germany).and incubated for two hours
with moderate stirring. Then, the lyophilized mucin
protein was resuspended in both the activated gold
nanoparticles solution and ultra-pure water to a
concentration of 1 mg/ ml and incubated with AuNPs
for 3 and 12 hours ®,

The average hydrodynamic diameter and zeta-
potential of AuNPs with and/ or mucin protein were
determined with a particle size analyzer The size and
zeta potential measurements were carried out at 25°C in
disposable size and zeta cuvettes with water as
solvent™. The suspension of the material was sonicated
for 20 minutes on an ultrasonicator. To elucidate the
mucin conjugation to AuNPs an acrylamide gel was
prepared.( The protein acrylamide gel contained two
layers, the upper stacking gel was composed of 0.133%
N, N-methylene bisacrylamide, 0.12 M Tris-HCI , 0.1%
ammonium  persulfate and 0.1% N, N,N’,N'-
tetramethylenediamine  (TEMMED). The lower
separating gel was composed of 0.040% N, N-
methylene bisacrylamide, 0.199 M Tris-HCI , 0.053 M
SDS, 0.053% ammonium persulfate and 0.053%
TEMED. Electrophoresis was carried out at a constant
volt in an electrode buffer composed of 0.195 M
glycine, 0.025 M Tris-HCI, and 0.1% SDS 35. Using the
Coomassie staining technique, the gels were stained in a
solution composed of 10% acetic acid, 40%
methanol, and 0.2% Coomassie brilliant blue for 30-45
min. Different extracts against the denaturation of
protein were in vitro tested using egg or bovine serum
albumin®>®

A 5ml solution was made which was comprised of
2.8ml of freshly prepared phosphate-buffered
saline((137 mM NaCl, 10 mM phosphate, 2.7 mM KCI;
pH 7.4),2 ml of specific concentration of
mucin, mucin-Au-NPs, and Au-NPs to which 0.2 ml of
bovine  serum albumin  was  added. Specific
concentrations were prepared separately for mucin as
500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml, 31.25
pg/ml, 1556 pg/ml,and  7.78  pg/ml. The same
concentrations were prepared for the mucin-AuNPs
along with 100 pg/ml, 50 pg/ml, 25 pg/ml, 12.5
ug/ml, 6.25 pg/ml, and 3.125 pg/ml for the AuNPs'"*-
respectively. Diclofenac sodium was used as the
positive control with the same concentrations. Then the
mixtures were heated in a water bath at 37°C for 20
minutes and the temperature was gradually increased up
to 70°C at which the samples were kept for 5 minutes.
When the drug is administrated and circulated into the
bloodstream, RBCs appear to be the first biological
moieties being affected '® The tubes were centrifuged at
3000 rpm for 10 minutes, then plasma was decanted and
RBCs were washed three times with an equal volume of
normal saline. Mucin was prepared in a variety of
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concentrations, including 500 g¢/ml, 250 g¢/ml, 125
g/ml, 625 g/ml, 31.25 g/ml, 15.56 g/ml,and 7.78
g/ml. the same concentrations were prepared for the
mucin-AuNPs along with 100 pg/ml, 50 pg/ml, 25
pg/ml, 12.5 pg/ml, 6.25 pg/ml, and 3.125 pg/ml for the
AUNPs respectively.The percentage of hemolysis was
estimated by assuming the hemolysis produced in the
control as 100%.

The cytotoxicity assay involves using hemolysis as a
rapid method to evaluate cellular toxicity, but results
can vary depending on the methods and buffers used.
Employing other cell types with standardized methods
can provide a more accurate assessment of a
compound's cytotoxicty™ 2> Vero cell line was used in
this study and was grown in MEM media with
supplements. The cells were seeded in a 96-well plate
and treated with different concentrations of test
substances, including mucin, mucin-AuNPs, and
AuNPs. Doxorubicin was used as a positive control.
After incubation, the cells were washed and stained with
crystal violet solution. The plates were washed and air-
dried before adding methanol and measuring the optical
density at 570 nm. The percentage viability was
calculated using the formula % Viability = (Abssample-
Absblank/  Absmc- Absblank) x 100. This assay
provides valuable information on the cytotoxic effects
of compounds on cells, helping researchers to assess the
safety and effectiveness of potential treatments.

The study evaluated the anticancer activity of
conjugated mucin on HepG2 cell line. The cells were
cultured in RPMI-1640 medium with supplements and
incubated to reach 70% confluence. Different
concentrations of mucin, mucin-AuNPs, AuNPs, and
Doxorubicin (positive control) were prepared and added
to the cells. After 24 hours, the cells were stained with
crystal violet solution, washed, dried, and incubated
with methanol. The optical density of each well was
measured at 590 nm to determine cell viability®".

The formula used to calculate the percentage
viability of cells was % viability = (Abssample-
Absblank/ Absmc- Absblank)x 100, where Abssample
is the absorbance of the sample, Absblank is the
absorbance of the blank, and Absmc is the absorbance
of the control medium.This method allowed the
researchers to assess the impact of mucin and its
conjugates on the viability of HepG2 cells, providing
valuable information on the potential anticancer activity
of these substances.

The minimum inhibitory concentrations were
determined  for  Ceftriaxone as a  standard
drug, Conjugated Mucin, free Mucin, and free AuNP
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using two-fold dilution starting from 100 pg/ml. The
antimicrobial effect was examined using five different
bacterial isolates Klebsiella pneumoniae, Proteus
mirabilis, Morganellamorganii, Escherichia coli, and
Pseudomonas aeruginosa. Using a sterile microdilution
plate with conical bottom wells,50 pl of each
concentration of the tested sample was mixed with 50 of
the bacterial isolate. The antimicrobial effect was
examined on five different Gram-negative bacterial
isolates namely Klebsiella  pneumoniae, Proteus
mirabilis, Morganella morganii, Escherichia coli, and
Pseudomonas aeruginosa®. (Our isolates were tested
against quality control srains Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853,
Klebsiella pneumoniae ATCC 700603, Proteus mirabilis
ATCC 35659, ATCC25830). To determine the minimum
growth inhibitory concentration of ceftriaxone in free
and nanostructure forms, the broth dilution method was
used under Clinical and Laboratory Standard Institute
guidelines®®. Two fold serial dilution was used from 128
ug/ml to 0.0078 pg/ml and a tube as the positive
control . We prepared a 24h bacterial culture in a sterile
suspension physiological serum equivalent to 0.5
McFarland standard turbidity. The culture was followed
by incubation of media containing antibiotics, which
were then transferred to a 35R oven and remained there
for 24h to grow completely. After 24h, tubes were
examined bacterial growth. The minimum concentration
of bacteria without visible growth was considered MIC.

Statistical analysis

The data were presented as the mean + SD. The test
of significance was performed by Graph Pad Prism 8
(San Diego, California, USA) using paired T-test and
two-way ANOVA. The p*<0.001 was considered a high
statistically significant difference.

RESULTS

The AuNPs-mucin conjugation process involved the
synthesis of AuNPs, characterized by color change and
DLS. The resulting AuNPs had different sizes and
surface charges depending on the incubation period,
showing a narrow size distribution. The AuNPs-p2
variant had the largest size and least negative surface
charge. Characterization was done using DLS,
Polydispersity index, and zeta potential analysis.

(Fig.1a, b& c), and a surface charge of -24.91+1.57,
-22.97+£1.65 and -14.61+1.44 mV respectively(Fig.1.d,
e& f).
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Fig.1: (a, b &c) size distribution (nm), (d, e& f) zeta potential of AUNPs (mV) of AuNPs, AuNPs-pl & AuNPs-p2
respectively.

The results of the transmission electron microscopy
confirmed the nano-metric size and the spherical
morphology of the prepared empty AuNPs (10.48+1.14
nm) conjugated AuNP-P1 (10. 77+1. 39 nm) and
AUNPs-P2  (14.13£2.94 nm).All AuNPs attained
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spherical shape with an inner dark portion of
goldcapped in a citrate shell, which is surrounded by the
outer smooth layers of mucin protein that stabilizes the
particles from aggregation and all nanoparticles
maintained amorphous structure as shown in fig. 3.
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Fig.3: (@) Representative TEM images of unconjugated AuNPs, (b & ¢)TEM images of mucin conjugated AuNPs

(AuNPs-p1l & AuNPs-p2 respectively).

The absorption spectra of AuNPs change when
proteins bind to them, as shown by a visible shift in
wavelength and a decrease in peak intensity. The IR
spectra of the conjugated AuNPs revealed distinct peaks
corresponding to different vibrations, such as COO-
stretching and sp3 C-H stretching. The presence of
peaks related to N-H stretching and O-H stretching

indicated the presence of peptides or amino acids on the
AUNPs' surface. The conjugation of mucin protein to
AuUNPs was confirmed through SDS-PAGE, showing a
larger band for the mucin-AuNP conjugate compared to
free mucin. The amount of mucin protein conjugated to
the AuNPs was determined to be 5 pg/ml.(Table 1).

Tablel: The percent Inhibition of protein denaturation treated with mucin, mucin-Au-NPs. AuNPs & Diclofenac

sodium
Serial dilution % Inhibition
(Mg/ml) Mucin mucin-AuNPs AuNPs Diclofenac sodium

500:100 50.10 61.38 57.43 68.36
250: 50 42.81 50.10 48.17 55.29
125: 25 33.82 47.75 42.08 50.24
62.5:12.5 21.13 40.59 36.62 41.63
31.25:6.25 17.46 34.16 32.16 36.07
15.56:3.12 13.62 19.99 14.25 23.82
7.78:1.56 7.88 15.94 13.17 19.47
N.B. for example, 500:100 means that 500 pg of mucin conjugate to 100 pg GNPs
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Fig.4: The percent Inhibition of protein denaturation treated withmucin, mucin-Au-NPs. AuNPs & Diclofenac sodium.

The evaluation of cytotoxic activity of conjugated mucin, snail mucin, mucin-AuNPs, and AuNPs had a slight effect on
membrane stabilization. Conjugation of snail mucin to gold nanoparticles did not increase hemolysis of red blood cells,
with hemolysis maintained below 10% even at maximum concentrations. Table( 2).Paired T-test between mucin-AuNPs
and AuNPs showed a significant correlation (p-value= 0.022)Two novel tryptophan-based ionic liquids with the
tryptophan (Trp) group acting as a reducing agent were used to create AUNPs with a variety of forms, sizes, and zeta
potentials. According to the hemolysis % results, AUNPs are extremely biocompatible.

Table 2: The percent hemolysis of RBCs treated with mucin, mucin-Au-NPs, and AuNPs

Serial dilution Hemolysis

(Hg/ml) Mucin Mucin-AuNPs AuNPs

500:100 9.684% 9.295% 9.998%

250: 50 8.299% 8.332% 8.905%

125: 25 7.131% 7.228% 7.704%

62.5:12.5 6.709% 6.092% 6.871%
31.25:6.25 5.388% 5.832% 5.713%
15.56:3.12 4.101% 3.971% 4.198%

7.78:1.56 3.257% 3.387% 3.473%
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Cytotoxicity assay:

The cytotoxic effect of mucin, mucin-AuNPs, and
AUNPs and standard (Doxorubicin) was evaluated in
vitro against Vero normal kidney cell lines after 24 h
exposure. The results showed no cytotoxic effect over
the different ranges varying from 7.78 pg/ ml to 500 pg/
ml compared to the common anticancer drug,
Doxorubicin as cytotoxic control. One-way ANOVA
revealed a statistical significance (p-value= 0.0154)
between reference drug DOX, mucin-Au-NPs, and
AUNPs. Res

Volume 33/ No.4 / October 2024 151-160

Online ISSN: 2537-0979

Evaluation of the anticancer activity of conjugated
mucin:

The results of the anticancer activity on the liver
cancer HepG2 cell line showed that the mucin, mucin-
AUNPs, AuNPs & doxorubicin (positive control) have
revealed well anti-proliferative activity against the
cancer cell line. All the tested materials proved to be
efficient in most of the concentrations tested and the
inhibition concentration of 50 (ICg)was 87.5 pg/ml for
mucin, 52 pg/ml for mucin-AuNPs, 11.8 pg/ml
forAuNPs, and 2.2 for DOX with high statistical
significance (p-value< 0.0001).

%cell viability
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Fig. 5: The percent Viability of HepG2 cell lines treated with mucin, mucin-AuNPs. AuNPs & doxorubicin.Each
sample was repeated three times and the mean with SD was plot

ed (p-value< 0.0001).

- Antimicrobial susceptibility testing:

Conjugated mucin revealed better antimicrobial
efficacy when tested in E.coli isolate with a reduction
from 7.03 pg/ml with free mucin to 2.9 pg/ml with
conjugated mucin.However, in Morganella morganii
isolate the effect of free mucin recorded a lower MIC of
7.5 pg/ml than conjugated mucinat 10.5 pg/ml.No
antibacterial effect was detected against the remaining
isolates which may be attributed to the antibacterial
activity of mucin either free or conjugated associated

with characteristics of certain bacterial isolates.
Compared to mucin and conjugated mucin the effect of
gold nanoparticles was studied. It was found that MICs
of isolates 1,2 and 4 with free gold nanoparticles
reduced significantly compared to their free forms. The
lowest MIC was detected at 0.468 pg/ ml and 0.99 ug/
ml for Morganellamorganii and E. coli, respectively,
while K. pneumonia was less sensitive and its MIC
reached 2.1 pg/ml(Table3).

Table 3: MICs (ug/ml) of Ceftriaxone (Rx), Conjugated Mucin, free Mucin, and free AuNP in different bacterial

isolates (p-value = 0.0017)

Ceftriaxone (Rx) | Conjugated Mucin | Free Mucin Free AUNP
Isolate 1: E.coli 21.89£1.6 27.82+1.9 29.78+3.1 2.11+0.99
Isolate 2: P.aeruginosa 21.77+£1.04 10.5+1.3 7.4+2.6 0.47+0.17
Isolate 3: Moragnella 2.33+0.33 335.5£25.2 489.5+50.4 48.43+5.15
Isolate 4: K.pneumonia 1.714+0.22 2.9+1.6 7.03£1.55 0.99+0.7
Isolate 5: Proteus 2.52+0.47 18.65+2.4 10.74+1.99 31.95+2.7
Egyptian Journal of Medical Microbiology 157
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DISCUSSION

The current Study examines anti-inflammatory,
antimicrobial, anti-cancer properties of E. vermiculata
mucin conjugated to AuNPs.Protein binding to AuNP
alters the absorption spectra of the particles,which is in
line with reported results by by Chang et al. and Jelen
et al. , »* who observed shifts in peak maximum when
different proteins were bound to AuNPs.?*%,

The study utilized an ATR-IR approach to measure
IR spectra of purified citrate-coated AuNPs. Differences
in peak positions were noted between pure AuNPs and
AuNPs conjugated with mucin protein, indicating
successful conjugation. Peaks corresponding to N-H
stretching and O-H stretching vibrations suggested the
presence of peptides or amino acids on the surface of
the AuNPs. Overall, the ATR-IR results confirmed the
successful conjugation of mucin protein to the AuNPs,
consistent with previous research findings™*>%.

The results of this study indicate that the conjugation
of snail mucin to gold nanoparticles enhances its anti-
inflammatory activity. Results showed that these
compounds effectively inhibited heat-induced albumin
denaturation in a concentration-dependent manner. The
IC50 values for mucin, mucin-AuNPs, AuNPs, and the
standard diclofenac sodium were determined, with
AuNPs demonstrating the highest efficacy at 82.5ug/ml.
These results are in agreement with the study published
by(27),which reported the I1Cs, of AuNPs to be 87.5 pg/
ml. The anti-inflammatory activity of mucin purified
from Eobania vermiculata outperforms the anti-
inflammatory activity of the slime extracts from the
giant African snail, Lissachatinafulica. These findings
suggest the potential of mucin and AuNPs for
controlling inflammation through protein denaturation
inhibition.

Our study found that snail mucin, mucin-AuNPs,
and AuUNPs had a slight effect on membrane
stabilization, with no significant increase in hemolysis
of red blood cells even at high concentrations. The
results were consistent with previous studies on
hemolytic effects of aqueous and ethanolic slime
extracts®®. A paired T-test showed a significant
correlation between mucin-AuNPs and AuNPs. Other
research has shown that coated and uncoated AuNPs did
not trigger osmotic hemolysis or cause erythrocyte
hemolysis in vitro®. Different sizes of AuNPs were
found to have varying effects on hemolysis, with
smaller  sizes  promoting  modest  hemolysis.
Additionally, studies on tryptophan-based ionic liquids
and AuNPs showed that AuNPs are highly
biocompatible and have no adverse effects on red blood
cell morphology or hemoglobin structure. Furthermore,
the study observed differences in cellular absorption of
different types of coated AuNPs by leukocytes and
platelets®.
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The study evaluated the cytotoxic effect of mucin,
mucin-AuNPs, and AuNPs on Vero normal kidney cell
lines, showing no cytotoxicity —compared to
Doxorubicin. One-way ANOVA indicated a statistical
significance between Doxorubicin, mucin-Au-NPs, and
AuNPs®. The conjugation of mucin-AuNPs did not
induce cytotoxic activity, and AuNPs-mucin treatment
increased UPAR levels, suggesting wound healing
acceleration. In another study, the effects of Eremina
desertorum and Helix aspersa snail mucus on HSF
normal cells were assessed, showing no cytotoxicity. At
the highest concentration (300 pg/ml), cell viability was
93% for H. aspersa and 75.8% for E. desertorum, with
1C50>300 pg/ml confirming no toxic effects™.

Both AuUNPs prepared by biosynthesis have a

slightly lower anticancer effect than those prepared by
chemical synthesis in this study. Another previous study
used gold Nanoclusters embedded mucin nanoparticles
for photodynamic therapy and imaging through the
delivery of methylene blue . The cell viability assay
revealed that the viability of HelLa cancer cells was
reduced to 50 % after treatment with the biocompatible
MB-loaded Au NCs-mucin NPs . AuNPs are most
promising due to their excellent optical and
photoelectric properties, inertness, no toxicity, higher
stability, ease of preparation, and the possibility of
bioconjugation®’.
The results of MICs suggested that AuNPs can be used
to control pathogenic bacterial growth. AUNPs act on
bacteria through preventing the uncoiling of DNA by
binding to the DNA and lead to inhibit the transcription
process, which leads to cell death®** .In the same
manner, MIC of gold nanoparticles was determined
against all selected Gram-negative isolates, this method
represents the actual amount of AuUNPs required to
inhibit bacterial growth that can be determined and not
estimated **.. Based on the enhanced toxicity of AuNPs
to bacterial cells, the study hypothesized that the
cationic hydrophobic AuNPs particularly act on the
integrity of bacterial membranes® Moreover, AUNPs
are able to disrupt the integrity of the bacterial
membrane by electrostatic interaction. Our MIC data
demonstrated that free AuNPs were significantly more
effective at lower amounts than free CTX, mucin, and
conjugated mucin against the aforementioned bacterial
species.

Although AuNPs conjugated to mucin showed
promising anti inflammmatory ,antibacterial and
anticanser effects ; study have some limitations as,this is
a complete in vitro study Still, in vivo studies are further
required to see its potency on animal models

CONCLUSION

The integration of nanotechnology in healthcare holds
promise for the future, with challenges surrounding
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nanoparticle manufacturing at scale. Snail mucin
conjugated with gold nanoparticles offers potential for
medical and biomedical applications, enhancing
bioavailability. Gold nanoparticles combined with
mucin effectively modulate inflammation, inhibit liver
cancer cell proliferation, and outperform other materials
in combating pathogens. This research suggests a
promising path for addressing inflammation, cancer, and
bacterial infections.
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