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ABSTRACT

Keywords: N/A

The increasing demand for novel therapeutic agents has led to a resurgence of interest in
bioprospecting, particularly within the realm of aquatic organisms. Fish mucus, a viscous
secretion that plays a crucial role in the innate immune system of fish, has emerged as a rich
source of bioactive compounds with diverse pharmacological properties. This review explores
the potential of fish mucus-derived peptides as innovative therapeutics for various human health
challenges, including infections, inflammation, wound healing, and cancer. The antimicrobial
properties of fish mucus peptides, including their efficacy against multidrug-resistant pathogens,
highlight their promise as natural antibiotics. Additionally, their antifungal, antiviral,
antiparasitic, and anti-inflammatory activities further underscore their therapeutic potential. The
review also addresses the mechanisms of action of these peptides, their role in promoting wound
healing, and their anticancer properties. Despite the promising applications, the exploration of
fish mucus remains largely underutilized, necessitating further research to harness its full
potential in drug discovery and development.
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INTRODUCTION:

The quest for novel therapeutic agents derived from
natural sources has gained considerable attention in
recent years, particularly in the context of bioprospecting.
This approach seeks to identify and harness bioactive
compounds from various organisms, with the aim of
developing innovative treatments for a range of diseases'.
Among the diverse biological materials explored, fish
mucus has emerged as a promising reservoir of bioactive
compounds with significant pharmacological potential?>-

4. Fish mucus, a viscous secretion produced by aquatic
organisms®®, serves critical physiological functions,
including  protection  against  pathogens  and
environmental stressors’”. Fish epidermal mucus
represents a rich and underexplored biological
compounds containing diverse Dbioactive, which
necessitates a very effective and evolutionarily advanced
natural immune system 7!°. An essential part of this
defense is the epidermal mucus layer, a complex vital
secretion containing more number of bioactive
molecules, including antimicrobial peptides, proteases,
lectins, immunoglobulins, and mucins *%%!112. These
molecules provide a physical and chemical barrier
against pathogens, and they also control immune
responses, wound healing, and communication in the
aquatic environment for
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fish #8134 Fish mucus is a biomaterial whose scientific
interest has grown in the last decade because of its broad-
spectrum  pharmacological activity reservoir of
structurally diverse AMPs *!. Fish are continuously
exposed to large microbial loads compared to terrestrial
organism ®!° and this results in the evolution of powerful
peptides against immunity, including piscidins,
pleurocidin-1, myxinidin, epinecidin-1, histone-derived
peptides . These peptides are highly antibacterial,
antifungal, antiviral, anticancer, antioxidant, and
immunomodulatory ¢, and their action may be
antipathogenic in most cases *!3. Multidrug-resistant
pathogens have also increased interest in natural products
like AMPs as the next generation of therapeutic agents
3420 peptides produced by fish mucus are especially
desirable in that they are usually cationic, amphipathic 3
and capable of disrupting microbial and fungal
membranes '%?' and interfering with protoplast
regeneration ', The optimized fish mucus peptides can
regulate inflammatory responses ?2. Although promising,
fish mucus is still a massively untapped biological source,
and numerous species have not been used to get new
peptides or bioactivities >!'>. The bioprospecting activity
in this field is not only supporting the process of drug
discovery but also corresponds to sustainable use of
marine resources, particularly those obtained through
aquaculture by-products or non-lethal mucus samples 323
With the increasing demand of effective, safe and
environmentally friendly therapeutics, research on fish
mucus-derived peptides is a timely and interesting
frontier in pharmaceutical studies. This discussion review
focuses on the pharmacological spectrum, action
mechanisms of fish mucus peptides, and therapeutic
opportunities, outlining their prospects of application in
controlling infections, wound healing, inflammation and
cancer treatment issues in the world.

Therapeutic Potential of Fish Mucus—Derived
Bioactive Molecules

Antimicrobial Activities

Fish skin mucus contains various antibacterial
substances, including antimicrobial peptides (AMPs) and
lysozymes, which provide a primary defense against
pathogenic microbes, helping to protect fish from
diseases and infections 2*. Fish-derived antimicrobial
peptides (AMPs) demonstrate a wide range of inhibitory
effects against various pathogens, including viruses,
fungi, bacteria, and parasites. This broad-spectrum
activity positions them as essential components of the
innate immune systems in numerous fish species 2° . Their
effectiveness in combating different infections
underscores their value as natural antibiotics 2?7 Hence,
the potential applications of fish-derived AMPs extend
beyond aquaculture; they can function as antibacterial,
antiviral, anti-parasitic, and antifungal agents, as well as
serve as vaccine adjuvants and components of inactivated
vaccines. This versatility highlights their practical utility
in addressing antibiotic resistance and enhancing
immune responses

25 Furthermore, the analysis indicates that the
antimicrobial activity of these peptides is influenced by

their amino acid composition, particularly the presence of
basic and aromatic amino acids, which are crucial for
their effectiveness against pathogens '°. Fish AMPs—
including families such as piscidins, pleurocidins,
epinecidins, myxinidin, pardaxins, and histone-derived
peptides are typically small, cationic, amphipathic
molecules capable of disrupting microbial membranes,
modulating immune responses, and in some cases
inducing apoptosis in infected or abnormal host cells 528,
Their ability to target both Gram-positive and Gram-
negative bacteria, as well as fungi, viruses, and protozoa,
underscores their multifunctional therapeutic potential
1617 Several AMPs derived from fish mucus have
demonstrated exceptional potency against multidrug-
resistant clinical pathogens, highlighting their relevance
in the context of rising antimicrobial resistance **.The
sustained interest in these natural compounds is further
amplified by the global challenge of multidrug-resistant
pathogens, positioning fish mucus peptides as promising
candidates for next-generation antibacterial agents >*.
Antibacterial Activity

Fish mucus-derived antimicrobial peptides have gained
significant scientific attention due to their potent
antimicrobial properties, broad-spectrum activity, and
low likelihood of inducing microbial resistance 31520,
The antibacterial efficacy of fish mucus has been
extensively ~documented, with numerous studies
demonstrating its potent inhibitory effects against a wide
range of bacterial pathogens ? 3°. Antibacterial peptides,
also known as host defense peptides, are a crucial
component of the innate immune system in fish. They are
small, cationic (positively charged) molecules that play

a vital role as a first line of defense against a wide array
of pathogens in their aquatic environment 3'-*2, Fish rely
heavily on this innate immunity to survive in microbe-
rich waters 3. Among various fish species, Clarias
batrachus epidermal mucus extracts have demonstrated
strong antimicrobial activity, showing high inhibitory
effects against a range of pathogens including
Pseudomonas aeruginosa, Klebsiella pneumoniae,
Staphylococcus aureus, and Escherichia coli, even
suggesting efficacy against antibiotic-resistant superbugs
like NDM through molecular docking 3*%°. This broad-
spectrum action aligns with findings in other fish, such as
Monopterus cuchia which exhibits antimicrobial activity
comparable to ampicillin against E. coli and S. aureus ,
and the topmouth culter, whose derived AMPs show anti-
infective effects against drug-resistant bacteria and
synergistic benefits with antibiotics *7. Specifically, the
antimicrobial activity of mucus from economically
important freshwater fish species, including Oreochromis
niloticus (tilapia), Clarias batrachus (catfish), and
Channa striata (snakehead fish), were investigated
against pathogens. The antimicrobial activity of
combined fish mucus has been observed against multi-
drug resistant pathogens such as MBL-Pseudomonas
aeruginosa, ESBL-Escherichia coli, and Methicillin-
Resistant  Staphylococcus —aureus, underscoring its
potential in combating critical antibiotic resistance *.
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Table 1: Fish epidermal mucus peptides that have Antibacterial property

Peptide Name

Source Fish

Antimicrobial Spectrum

Referenc
e

Epinecidin-1

orange-spotted
grouper (Epinephelus

Active against Gram-positive and Gram-
negative bacteria, including multidrug-resistant

38,39

spectrum antibacterial

coioides) strains
Pleurocidin winter flounder Active against Gram-positive and Gram -21:40
(Pleuronectes negative bacteria, including MRD
americanus)
Tilapia Piscidins|(Tilapia species,|Active against Gram-positive and Gram-4!
e.g., negative bacteria, including MDR strains. It also
Oreochromis showed anticancer and antiviral activity
niloticus)
Pleurocidin Pleuronectes Active against Candida species and marine/41-45
americanus fungi. Also exhibits immunomodulatory and|
cytotoxic effects against cancer cells
Epinecidin-1  |Grouper Broad-spectrumantimicrobial  activity 22,3846
(Epinephelus (antibacterial, antifungal), inhibits proliferation
coioides) and induces apoptosis in human leukemia cells
Pelteobagrin | Pelteobagrus Amphipathic\alpha-helical — peptide;  broad-{3247
\fulvidraco spectrum  antibacterial  activity =~ without
hemolytic effects
Pardaxin Pardachirus Broad-spectrum Antibacterial toxin peptide;4.39:48
marmoratus also has antitumor activity
Piscidin 1 Hybrid striped bass|Broad-spectrum AMP; cytotoxic to|22
(Morone saxatilis x M.|osteosarcoma, lung, and ovarian cancer cells
chrysops)
Myxinidin Myxine glutinosa Cationic 12-AA peptide; Broad-spectrum|4°
antibacterial
Hipposin Hippoglossus Broad-spectrum activity, inhibits Enterococcus|*>0
hippoglossus fecalis, Listeria ivanovii, and Staphylococcus
epidermis by degrading microbial walls
Parasin I Parasilurus asotus | Very Broad-spectrum Antibacterial 51
HistoneH2A  |Oncorhynchus mykiss |Broad-spectrum  Antibacterial, also shows|441.52
peptide anticancer activity against lung and laryngeal
cells
SAMP HI Salmo salar Broad-spectrum Antimicrobial 53
Oncorhyncin Il |Oncorhynchus mykiss |Derived from  Histone HI; Broad- |50

Hepcidin-like
peptide

Takifugu pardalis

Novel 23 amino acid peptide that inhibits the
growth of Gram-negative and Gram-positive
microbes

~

Cysteine-rich
AMPs
(cathelicidins,
defensins)

Various fish species

Effectively inhibit the growth of Gram-
negative and Gram-positive bacteria
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Peptides Neogobius Demonstrated bacterial inhibition activity|>4
from Sfluviatilis against
Neogobius pallasi Staphylococcus aureus and Bacillus subtilis
fluviatilis
pallasi
Antifungal Activity through mechanisms that involve disrupting the fungal

The antifungal properties of fish mucus have also been
well-documented, with various studies highlighting its
effectiveness against pathogenic fungi such as Candida
albicans > .This capacity underscores the potential for
developing novel antifungal agents from fish mucus,
particularly given the rising concern of drug-resistant
fungal infections °°.Antimicrobial peptides from fish
mucus, such as Pleurocidin, Myxinidin, and Piscidin 2,
have demonstrated potent activity against fungi *2!?%%,
These peptides likely exert their antifungal effects

cell membrane, inhibiting the germination of conidia
(asexual fungal spores), and interfering with chitin
synthesis, a vital component of the fungal cell wall 223
studies have shown that mucus extracts from
Oreochromis niloticus exhibit significant antifungal
activity against Candida albicans, demonstrating
considerable zones of inhibition 3°. This antifungal
capacity underscores the potential for developing novel
antifungal agents from fish mucus, particularly given the
rising concern of drug- resistant fungal infections 3.

Table 2: Fish epidermal mucus peptides and its Antifungal property

4L

have inhibitory effects on fungi.

Peptide Name |Source Fish Notes / Function Reference
Piscidin 2 Hybrid striped bass|Active  against  Candida  albicans|**>"%
(Morone saxatilis x\Malassezia furfur, Trichosporon beigelii,
M. chrysops) and Saprolegnia. Produced by mast cells,
effective against human pathogenic fungi.
Myxinidin Hagfish(Myxine Fungicidal effect on Candida albicans, 2-16/*>%
glutinosa) times more active than pleurocidin. Low|
hemolytic activity.
Pleurocidin Winter flounder Potent antifungal activity with ~ low|*’
(Pleuronectes hemolytic activity.
americanus)
Hepcidin Hybrid striped bass  |Antifungal influence against Aspergillus|>®
AMP niger.
(synthetic)
AS-hepcidin-6  |4Acanthopagrus Potent antifungal activity against Candida>®
schlegelii albicans.
PChepc Pseudosciaena crocea Antifungal activity against Fusarium |
graminearum, Candida
albicans, and
F. solani.
HLP-1,HLP-2 |lctalurus punctatus |Proven antifungal activities 58
against
Saprolegnia parasitica.
Parasin [ Catfish Inhibits Candida albicans. 2
Pelteobagrin Catfish Inhibits Candida albicans. 2
SaRpAMP Catfish Inhibits Candida albicans. 2
EcPis-2L, EcPis- Epinephelus coioides |Homologs of piscidin, 2
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Antiviral Properties

Fish mucus peptides exhibit antiviral properties, making
them promising candidates for new antiviral agents ¢!,
These peptides play a dual role in antiviral defense, acting
directly on the virion and influencing the host cell
61, While information specifically on fish mucus peptides
with antiviral activity is still considered scarce *, broader
fish-derived AMPs have shown effectiveness. Overall,
fish AMPs are recognized for their broad-spectrum
activity against various pathogens, including viruses
316263 The ongoing research aims to further elucidate the
mechanisms of action and identify more such compounds
for potential application in aquaculture and human health
1 A peptide from the methanol skin mucus extract of

Cirrhinus mrigala demonstrated potential antiviral
activity against Infectious Pancreatic Necrosis Virus
(IPNV) and Infectious Salmon Anemia Virus (ISAV)
through protein-peptide docking analysis, indicating good
interactions with viral particles. The modeled peptide
exhibited high similarity to Arminin-1 from Cnidaria
animals, suggesting that it may possess antimicrobial
properties that could be leveraged in the development of
novel peptide candidates for controlling viral diseases in
aquaculture *. Antiviral peptides (AVPs) derived from
fish mucus, such as Pa-MAP (multiple active peptides
from Pleuronectes americanus), have demonstrated
significant antiviral activity, particularly against herpes
simplex viruses (HSVs). This particular peptide was
originally isolated from the skin of the polar fish P.
americanus.%

Table 3: Fish epidermal mucus peptides and its antiviral activity

Peptide |Source Activity / Key Findings Referenc
Name e
Type
Piscidins |Various fishHave shown antiviral activity, 18:41.62.66.6
(e.g., (e.g., including against nervous necrosis
Tilapia  |Oreochromis |virus antiviral activity against various
Piscidins) |niloticus) viruses, such as Pseudorabies virus,
and possess broad-spectrum antiviral
properties
Pleurocidi|Limanda Studied for activity against Virall6!
n limanda Hemorrhagic Septicemia Virus
Hepcidin |Tilapia Can agglutinate NNV, inhibiting cell|©6:68
(Oreochromis |contact, and have shown antiviral
activity against HIRRV /n
mossambicus), | vitro
flounder
(Paralichthys
olivaceus)
NK-lysin |Flounder Demonstrated  antiviral  activity|68
(Paralichthys |against HIRRV In vitro
olivaceus)

Antiparasitic activity:

The application-oriented properties of fish AMPs,
emphasizing their role not only as antibacterial and
antiviral agents but also in combating parasitic infections,
thereby offering a promising alternative to traditional
antiparasitic treatments %°. The research study identified
specific synthetic peptides, namely 5065 and 5070, that
effectively inhibit the growth of the parasitic copepod
Caligus rogercresseyi during its copepodite stage,
suggesting their potential as antiparasitic agents.
Furthermore, the analysis of these peptides indicated that
their biological functions, including antiparasitic activity,
are influenced by their amino acid composition. In
particular, the presence of basic and aromatic amino acids

is linked to enhanced antimicrobial and antiparasitic
properties . The wormicidal effects of mucous
substances from 9 species of freshwater fishes on
Clonorchis sinensis, a parasitic flatworm, was reported in
research. Different species exhibited varying levels of
effectiveness against cercaria, metacercaria, and adult
stages of the parasite, indicating potential antiparasitic
properties. The time required for the wormicidal effect
varied significantly among the fish species, with the most
effective being C. carassius (crusian carp), which took 14
minutes to affect cercaria 7°.

Anti-inflammatory Properties

The unique composition of fish mucosal secretions,
influenced by various endogenous and exogenous factors,
may pmvide inﬂigh’rq into the identification of new
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therapeutic agents with anti- inflammatory properties 7'
The mucus-secreting glands derived from the shell-
shucking waste of Haliotis discus hannai exhibited
significant anti-inflammatory properties by reducing
nitric oxide (NO) production and inhibiting the
expression of inflammatory mediators, including the
cytokines TNF-a, IL-1p, and IL-6, as well as the enzymes
iNOS and COX-2 in RAW 264.7 mouse macrophage
cells. Furthermore, the presence of by-products from H.
discus hannai mucosubstance (AM) not only curtailed the
overexpression of these inflammatory mediators but also
enhanced the expression of the anti-inflammatory
response mediator HO-1. This indicates a dual
mechanism of action, wherein inflammation is reduced
while anti-inflammatory pathways are simultaneously
promoted 72. Epinecidin-1 peptide, found in fish like the
orange-spotted grouper (Epinephelus coioides), can
modulate immune responses and influence interleukin
expression, which is indicative of its anti- inflammatory
potential 2238467377 [t enhances macrophage activation
and promotes tissue regeneration %378, Some piscidins
have also been identified to modulate inflammatory
markers and cytokines 2>73777,

Table 4: Fish epidermal mucus peptides with Anti-
inflammatory property

a source of natural antioxidants for various applications.

Table S: Fish epidermal mucus peptides having

Antioxidant property
Peptide |Source Method of| Referenc
Name Antioxidant Action |e

Type

Epiderma|Caspian Scavenging  activity|5471
lexudatesjsand  gobyjagainst various free
(Neogobius |radicals, such as DPPH|
[fluviatilis |and ABTS radicals;
pallasi) significant antioxidant]
potential

Body  |Halobatrach|Significant antioxidant71.79
mucus |us didactylusipotential;  scavenging
activity against various|
free radicals

Peptid|Source Method of Anti- Refe

Mucus |Mackerel |Demonstrated 80

compone antioxidant activity|

nts through  suppressing
oxidative stress

Histone- |Teleost fish |Potential 19

derived antioxidant

peptides properties

by scavenging

free radicals

e inflammation renc

Name e

/ Type

Epinec|Orange- |Modulates immune 2%

idin-1 |spotted responses, influences|
grouper |interleukin expression,|
(Epinephel|enhances macrophage]
us activation, promotes tissue
coioides) |regeneration.

Piscidi|Various |Modulate  inflammatory|?>7*

ns fish markers and cytokines.
Histon|Teleost  |Immunomodulatory 19
e- fish capabilities, regulating
derive immune

d

peptid responses.

es

Antioxidant Activity

Fish mucus peptides have demonstrated notable
antioxidant properties, which contribute to their overall
protective role. Studies have shown that these peptides
can exhibit scavenging activity against various free
radicals, such as DPPH and ABTS radicals **7'. For
instance, epidermal exudates from the Caspian sand goby
(Neogobius fluviatilis pallasi) and body mucus from
Halobatrachus didactylus have been found to possess
significant antioxidant potential 377, Mackerel mucus
components also demonstrate antioxidant activity,
suggesting their potential use in cosmetic applications .
Histone-derived peptides identified in fish mucus are also
noted for their potential antioxidant properties '°. These

findings highlight the notential of fish mucus nentides as
=3 f= =3 rr

Anti-Osteoarthritic activity:

Qniumucinan, which is a type of jellyfish mucin
(extracted from species like Aurelia aurita and
Stomolophus nomurai), has been investigated for its
potential to alleviate osteoarthritis symptoms. Preclinical
studies, particularly in rabbit models of osteoarthritis,
have indicated that intra-articular injections of gniumucin
may have disease-modifying effects on articular cartilage
degeneration, especially when combined with hyaluronic
acid. This combination demonstrated a significant
reduction in cartilage degeneration 8%, Marine-derived
Peptides for Osteoarthritis are emerging as significant
origins for bioactive peptides that can positively influence
osteoarthritis 3334, No clinical trials identified yet.
Hemolytic activity:

Hemolytic activity refers to the capacity of certain
substances to induce the lysis, or destruction, of red blood
cells. In the realm of bioprospecting fish mucus-derived
peptides for therapeutic applications, hemolytic activity is
generally considered an undesirable characteristic or a
"defect" that can impede their clinical use . Many
antimicrobial peptides found in fish mucus are
amphipathic, meaning they possess both hydrophobic and
hydrophilic regions. This amphipathic nature allows them
to interact with and disrupt cell membranes, including
those of red blood cells, acting in a detergent-like manner
4 Furthermore, a review on fish AMPs highlights that "the
defects of natural fish AMPs, such as their high hemolytic
activity and low stability, hinder their application”" 22.
Mucus  extracts from the giant mudskipper

r
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(Periophthalmodon  schlosseri) have demonstrated
hemolytic effects against both chicken and human red
blood cells %. Similarly, mucus from M. armatus
exhibited hemolytic activity against sheep and cow blood
cells %, While some moronecidin-

like peptides from Antarctic fishes have shown lower
hemolytic activity, this still implies that moronecidin
itself can have such effects %¢. The presence of high
hemolytic activity is a significant challenge for
developing these promising fish antimicrobial peptides
into safe and effective therapeutic agents 2.

Table 6: Hemolytic activity of fish epidermal mucus

Peptide/E|Source

Hemolytic Activity|Referenc

xtract Fish Details e
Species
Mucus  |Periophthal Exhibited hemolytic|®

Extracts |modon activities against
schlosseri |both chicken and
human red blood
cells, with maximum|
activity observed for|
dichloromethane
extracts

hypertension ¥, The mechanism of ACE inhibition by
these marine peptides often involves competitive binding
to ACE's active site, interfering with its conformational
changes, and preventing the binding of its natural
substrates °!. The structure of these peptides, particularly
the presence of hydrophobic amino acids, is closely
related to their ACE- inhibitory effects, as it improves
their solubility in lipid-based conditions and enhances
their absorption in the intestine, allowing them to reach
target cells 2. The novel peptide Pro-Thr-His-Ile- Lys-
Trp-Gly-Asp exhibits excellent antihypertensive activity,
making it a promising candidate for managing high blood
pressure. This peptide demonstrates significant ACE
inhibitory activity, which is crucial for its effectiveness
as an antihypertensive substance, along with low toxicity
and good stability.”

Table 7: Antihypertensive activity of fish epidermal

Mucus  |M. armatus|Exhibited hemolytic|*>%7
Extracts activity against
sheep and cow blood|
cells

~

Mucus from some
hic Fish fish contains these
Helical  [Species peptides, which can
Peptides act as detergents,
binding with anionic
phospholipids  and
leading to the lysis of]
cells

Amphipat | Various

mucus

Pepti (Source |Activity / Key Findings Refe
de renc
Name e
/ Type
HAPP|Halobatr|Comparable B
P achus  |antihypertensive activity to
pepti |didactylu|other fish peptides, rich in|
de |s proline, similar binding

(toadfish |characteristics to the]

) synthetic drug Captopril

b
ody
mucus

@

Moroneci | Notothenia |While these specific|®

din-like |coriiceps |peptides  exhibited

Peptides |and lower hemolytic
Parachaeni|activity, their|
chthys comparison implies|

charcoti  |that moronecidin (or
similar  structures)
can possess
hemolytic effects

Antihypertensive Activity

Fish peptides have been identified as potent inhibitors of
the angiotensin-converting enzyme (ACE), which plays a
crucial role in blood pressure regulation. This activity is
particularly noted in peptides derived from fish skin and
muscle hydrolysates'*%%. ACE plays a crucial role in
blood pressure regulation by converting angiotensin I into
the vasoconstrictor angiotensin II, which narrows blood
vessels, and by inactivating bradykinin, a peptide that
helps relax blood vessels '%%°. By inhibiting ACE, these
peptides can help prevent the rise in blood pressure,
offering a natnral and promising approach to managing

Wound Healing Activity

Fish mucus has gained significant recognition for its
remarkable wound healing capabilities, a capacity
particularly evident in fish species that exhibit superior
regenerative abilities compared to mammals °*. The
capacity for wound healing is critical for organismal
survival, and fish, particularly teleosts, exhibit
remarkable regenerative capabilities that surpass those
observed in mammals **. Recent studies have underscored
the potent wound-healing efficacy of fish mucus,
particularly  from species like  Pangasianodon
hypophthalmus, demonstrating significant applications in
both In vitro cellular proliferation assays and in vivo
wound closure models *°. Approximate Proportion: 10%
Enhances macrophage activation and promotes tissue
regeneration '%. Arginine in fish mucus acts as a precursor
for nitric oxide, which plays a crucial role in immune
response, angiogenesis, epithelialization, and tissue
formation during wound healing .The NO generated from
arginine in fish mucus plays a crucial role in several key
pharmacological activities, primarily contributing to
effective wound healing and immune regulation Studies
have shown that mucus from snakehead fish can
accelerate  wound healing and demonstrate strong
antibacterial activity against pathogens like Escherichia
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coli, suggesting its utility in developing advanced wound
care products '*. Pangasianodon hypophthalmus mucus
has also been shown to promote significant cell viability,
indicating its cytocompatibility and ability to support
tissue repair with minimal toxicity *>.Components such as
dermatan, keratan, and chondroitin sulfates found in fish
mucus are believed to enhance collagen fiber organization
and wound contraction, leading to more efficient tissue
repair *°. Specific peptides like Epinecidin-1 have been
noted for their role in enhancing macrophage activation
and promoting tissue regeneration '°. The broad-spectrum
activity of fish mucus AMPs also positions them as
promising candidates for dermatological therapies
9 While fish mucus extracts broadly promote wound
healing (e.g., via cell proliferation and migration '*%%), the
number of named peptides with direct evidence remains
limited. Other piscidin family members (e.g., pardaxin,
pleurocidin)  from mucus show potential via
multifunctional activities 7.

Table 8: Fish epidermal mucus and its wound healing
property

Peptid|Source ' Wound Healing Evidence | Referen
e Fish/S ce
Name |pecies

Epinec|Orange | Promotes epitheliall38.78

idin-1 |- proliferation, cell cycle
spotted |progression, migration via
grouper|extracellular matrix|
(Epinep|regulation; accelerates

helus |complete regeneration in|
coioide | MRSA-infected swine burn
s) wounds.

Tilapia| Tilapia |Investigated for wound|%8
Piscidi|(Oreoc |healing  potential, with|
n2-5 |hromis |effects on cells involved in
& spp.) |repair (e.g., similar to other|
TP2-6 AMPs modulating immune
response and proliferation)

Anticancer Potential

The anticancer property refers to the ability of these
substances, particularly antimicrobial peptides, to
selectively inhibit the growth of cancer cells, induce
programmed cell death (apoptosis), and modulate the
immune response, often with reduced toxicity to healthy
tissues compared to conventional chemotherapy .Peptides
like are being investigated for their selective cytotoxic
effects on cancer cells, such as osteosarcoma, by inducing
mitochondrial dysfunction and apoptosis . is known to
inhibit proliferation and induce apoptosis in human
leukemia cells and stimulates interleukin expression. and
its derivatives are being explored for their anticancer
capabilities. Additionally, and demonstrate

inhibitory activities against various tumor cell lines.
AMPs are promising alternatives to traditional cancer
treatments due to their selectivity for cancer cells and
reduced toxicity to healthy tissues actively inhibit the
growth of cancer cells, induce programmed cell death
(apoptosis), and modulate the immune response, often
with reduced toxicity to healthy tissues compared to
conventional chemotherapy 2>**.Peptides like Piscidin 1
are being investigated for their selective cytotoxic effects
on cancer cells, such as osteosarcoma, by inducing
mitochondrial dysfunction and apoptosis 2?. Epinecidin-1
is known to inhibit the proliferation and induce apoptosis
in human leukemia cells and stimulates interleukin
expression 22, Pleurocidin and its derivatives are being
explored for their anticancer capabilities *°. Additionally,
hepcidins and histone-derived peptides demonstrate
inhibitory activities against various tumor cell lines '%.
AMPs are promising alternatives to traditional cancer
treatments due to their selectivity for cancer cells and
reduced toxicity to healthy tissues 3. A scoping review on
fish-derived hepcidins highlights potential anticancer and
antimicrobial use, but not clinical trials '°!.

Table 9: Anticancer activity of fish mucus peptides

Peptide Source Fish |Cancer Cell Mechanism of Action Reference
Lines/Activity
Piscidin 1 Hybrid stripedOsteosarcoma, lung, andCytotoxic; induces| 22
bass (Moronelovarian cancer cells mitochondrial ~ dysfunction,|
saxatilis x M. alters mitochondrial activel
chrysops) oxygen  species, reduces

mitochondrial transmembrane
potential, and  decreases
mitochondrial antioxidant
manganese superoxide]
dismutase, leading to
apoptosis
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carcinoma cells,
fibrosarcoma cells

Epinecidin-1 |Grouper Human leukemia U937|Inhibits proliferation, induces|22-38.46
(Epinephelus |cells, HT1080 apoptosis, interacts  with
coioides) fibrosarcoma cells anionic  phospholipids in

bacterial (and likely cancer)
cell membranes, causing cell
lysis. It increases tumor
necrosis factor-$\alpha$,
interleukins-10, IFN-
$\gamma$, p53, IL-15, and
IL-6, and increases the
ADP/ATP ratio, indicating
mitochondrial dysfunction

Pleurocidin | Winter flounderfHuman breast cancer cells,|Cytotoxic; Pleurocidin-amidel41:43-45
(Pleuronectes |mammalian carcinoma|inhibits ~ autophagy  and
americanus) |cells, AS549 human lung/induces apoptosis in A549

adenocarcinoma cells (as|cells
Pleurocidin-amide, Ple-a),
leukemia Jurkat cells (as a|
pleurocidin-like ~ peptide
from Poecilia Mexicana)

Tilapia Oreochromis |Glioblastoma cell lines/disruption of cellulan4!

Piscidin 4 niloticus (U8TMG, U251) infrastructure and  energyj

metabolism

Histone H2A|Various  fish|Lung and laryngeal cells |accumulate in the nucleus to4!

Peptide sources (e.g., trigger mitochondria-
Oncorhynchus dependent apoptosis
mykiss)

Pardaxin Red sea flatfish MN-11 cells apoptosis by targeting thel4®
(Pardachirus endoplasmic reticulum (ER)
marmoratus) and mitochondria

THI1-5, TH2-3 |Tilapia Human cervix|targeting the cell membrane 48102
(Oreochromis |adenocarcinoma cells, and inducing apoptosis.
mossambicus) [human hepatocellular

human|

Chrysophsin-1|Red sea bream |Antitumor activities **

disrupting cell

membranes

cancer

Thrombogenic Activity

Fish skin mucus exhibits thrombogenic activity, meaning
it has the capacity to stimulate blood coagulation. This is
attributed to components within the mucus that can
reduce blood clotting time. Research indicates that fish
skin mucus contains factors that promote blood
coagulation, including proteins that are functionally
homologous to thromboplastin (clotting factor IIT) and
prothromboplastin (clotting factor XI). These properties
suggest the presence of thrombokinase and kinins, which
facilitate rapid blood coagulation in response to injury in
fish.

Although direct amino acid sequence homology with

human thromboplastin and prothromboplastin have not
been definitively established, the ability of fish mucus to
stimulate coagulation and the interaction of its fractions
with relevant antibodies point to a functional
resemblance. The presence of proteins in the 25-35 kDa
range is thought to correspond to these coagulation-
promoting factors. These findings suggest that fish mucus
peptides could be a promising source for developing
pharmacological preparations aimed at stopping or
preventing bleeding ',

Immunomodulatory Activity

Fish epidermal mucus plays a crucial role in the innate
immune system of fish, and its peptides contribute
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significantly to immunomodulatory activities. The mucus
contains a diverse array of immune-related factors,
including  lectins, lysozyme, immunoglobulins,
complement proteins, and C- reactive protein, all of
which work in concert to provide a robust defense against
pathogens '>!%, Teleost fish peptides, including HDPs,

have been identified for their immunomodulatory
capabilities, suggesting their ability to regulate immune
responses '°. This function is vital for protecting fish in
their microbe-rich aquatic environment and offers
avenues for developing novel immunomodulatory agents
in human health 97,

Table 10: Fish epidermal mucus peptides with Inmunomodulatory property

Peptide/Extract |Source |Activity Details Reference
Fish
Species
Teleost fish| Teleost  |Possessimmunomodulatory capabilities; ~ [!197
peptides (including|fish regulate immune responses; contribute
HDPs) to a robust defense
against pathogens; vital for protecting fish in|
microbe-
rich environments; offer avenues for developing
novel immunomodulatory agents in human|
health.
Lectins Fish Contribute to a robust defense against!'>!*
epidermal |pathogens.
mucus
Lysozyme Fish Contribute to a robust defense against'>!*®
epidermal |pathogens.
mucus
Immunoglobulins |Fish Contribute to a robust defense against'>'®
epidermal |pathogens.
mucus
Complement Fish Contribute to a robust defense against'>'*
proteins epidermal |pathogens.
mucus
C-reactive protein |Fish Contribute to a robust defense against'>!®
epidermal |pathogens.
mucus

CONCLUSION

Fish mucus represents a largely untapped reservoir of
bioactive compounds with significant therapeutic
potential. The diverse pharmacological activities of fish
mucus-derived peptides, including their antimicrobial,
antifungal, antiviral, antiparasitic, anti-inflammatory, and
anticancer properties, position them as promising
candidates for the development of next-generation
therapeutics. The ongoing challenges posed by antibiotic
resistance and the need for safe, effective, and

REFERENCES

1. Newman D, Cragg GM. Natural Products as
Sources of New Drugs from 1981 to 2014.
Journal of Natural Products. American
Chemical Society; 2016. p. 629. Available from:
https://doi.org/10.1021/acs.jnatprod.5b01055
PMID: 26852623

environmentally friendly treatments further amplify the
relevance of fish mucus in pharmaceutical research.
Future studies should focus on the systematic exploration
of various fish species and their mucus components,
emphasizing sustainable practices and the potential for
aquaculture  by-products. By  advancing  our
understanding of the mechanisms underlying the
therapeutic effects of fish mucus peptides, we can pave
the way for innovative treatments that address critical
health issues in both humans and animals.

2. Tiralongo F, Messina G, Lombardo BM,
Longhitano L, Volti GL, Tibullo D. Skin Mucus of
Marine Fish as a Source for the Development of
Antimicrobial Agents. Frontiers in Marine
Science. Frontiers Media; 2020 Sep 18;7.
Available from:
https://doi.org/10.3389/fmars.2020.541853

Advances in Consumer Research

907



How to cite : Sudha Murugesan, Siva Devi Sathiyamoorthy, Saroj Kumari S, Gunasekar R, Bharath Selvam, Akash Murugan,
Mohammed Arshath Ayub Khan, Bioprospecting Aquatic Innate Immunity: Fish Mucus-Derived Compounds as Novel Human

Therapeutics. Advances in Consumer Research. 2026;3(3): 898-914

3.

10.

11.

Diaz-Puertas R, Adamek M, Mallavia R, Falco
A. Fish Skin Mucus Extracts: An Underexplored
Source of Antimicrobial Agents. Marine Drugs.
Multidisciplinary Digital Publishing Institute;
2023; p. 350. Available from:
https://doi.org/10.3390/md21060350  PMID:
37367675

Hussain A, Sachan SG. Fish Epidermal Mucus
as a Source of Diverse Therapeutical
Compounds. International Journal of Peptide
Research and Therapeutics. Springer Science.
2023; p.36. Available from:
https://doi.org/10.1007/s10989-023-10505-6
PMID: 36968337

Subramanian S, MacKinnon SL, Ross NW. A
comparative study on innate immune parameters
in the epidermal mucus of various fish species.
Comparative Biochemistry and Physiology Part
B Biochemistry and Molecular Biology.
Elsevier BV; 2007 Jul 10 ;148(3):256. Available
from:
https://doi.org/10.1016/j.cbpb.2007.06.003
PMID: 17618153

Balasubramanian S, Rani P, Prakash A, Prakash
MG, Senthilraja P, Gunasekaran G.
Antimicrobial properties of skin mucus from
four freshwater cultivable Fishes (Catla catla,
Hypophthalmichthys molitrix, Labeo rohita and
Ctenopharyngodon idella). African Journal of
Microbiology Research. Academic Journals;
2012 Jun 28 [cited 2025 Aug];6(24):5110.

Esteban MA. An Overview of the
Immunological Defenses in Fish Skin. ISRN
Immunology. Hindawi Publishing Corporation;
2012 Oct 14, 2012:1. Available from:
https://doi.org/10.5402/2012/853470

Dash S, Das SK, Samal J, Thatoi H. Epidermal
mucus, a major determinant in fish health: a
review. PubMed. National Institutes of Health;
2018 Jan 1 ;19(2):72. Available from:
https://pubmed.ncbi.nlm.nih.gov/30046316
PMCID: 6056142

Cabillon NAR, Lazado CC. Mucosal Barrier
Functions of Fish under  Changing
Environmental Conditions. Fishes.
Multidisciplinary Digital Publishing Institute;
2019 Jan 10 ;4(1):2. Available from:
https://doi.org/10.3390/fishes4010002

Abuine R, Rathnayake AU, Byun H. Biological
activity of peptides purified from fish skin
hydrolysates. Fisheries and aquatic sciences.
Springer Science. 2019 May 22 [cited 2025
Oct];22(1). Available from:
https://doi.org/10.1186/s41240-019-0125-4

Leonora FHSV, Caipang CMA. Exploring the
Bioactive Properties and Potential Probionts in
the Fish Mucosa. Journal of Bacteriology and
Virology. The Korean Society of Virology; 2025
Mar 31 [cited 2025 Nov];55(1):26. Available

12.

13.

14.

15.

16.

17.

18.

19.

from: https://doi.org/10.4167/jbv.2025.55.1.026

Guardiola FA, Cuesta A, Abellan E, Meseguer J,
Esteban MA. Comparative analysis of the humoral
immunity of skin mucus from several marine
teleost fish. Fish & Shellfish Immunology.
Elsevier BV; 2014 Jun 24 [cited 2025
Nov];40(1):24. Available from:
https://doi.org/10.1016/].£51.2014.06.018 PMID:
24972341

Yuliana B, Natsir S, Djabir YY, Permana AD,
Aswad M, Manggau MA, Fawwaz M.
Formulation and Evaluation of Snakehead Fish
Mucus Emulgel for Enhanced Wound Healing and
Antibacterial Activity. 2025.

Chinnasamy A, Gajendran B, Dhanasekaran G.
Effect of crude and partially purified epidermal
mucus proteins of marine catfish Tachysurus
dussumieri on human cancer cell line. 2012 Jan 1
[cited 2025 Sep].

Okello H. Fish mucus: a neglected reservoir for
antimicrobial  peptides. Asian Journal of
Pharmaceutical Research and Development. 2018
Aug 23;6(4):6. Available from:
https://doi.org/10.22270/ajprd.v6i4.389

Masso-Silva JA, Diamond G. Antimicrobial
Peptides from Fish. Pharmaceuticals.
Multidisciplinary Digital Publishing Institute;
2014 Mar 3 ;7(3):265. Available from:
https://doi.org/10.3390/ph7030265 PMID:
24594555

Fuochi V, Volti GL, Camiolo G, Tiralongo F,
Giallongo C, Distefano A, Petronio GP,
Barbagallo I, Viola M, Furneri PM, Rosa MD,
Avola R, Tibullo D. Antimicrobial and Anti-
Proliferative Effects of Skin Mucus Derived from
Dasyatis pastinaca (Linnaeus, 1758). Marine
Drugs. Multidisciplinary Digital ~Publishing
Institute; 2017 Nov 1 ;15(11):342. Available from:
https://doi.org/10.3390/md 15110342 PMCID:
5706032

Asensio-Calavia P, Gonzalez-Acosta S, Otazo-
Pérez A, Lopez M, Morales-delaNuez A, Lastra
JMP de la. Teleost Piscidins—/n Silico
Perspective of Natural Peptide Antibiotics from
Marine Sources. Antibiotics. Multidisciplinary
Digital Publishing Institute; 2023; p. 855.
Available from:
https://doi.org/10.3390/antibiotics 12050855
PMID: 37237758

Alvarez C, Toro-Araneda T, Cumillaf JP, Vega B,
Tapia MJ, Roman T, Cardenas C, Cordova-
Alarcon V, Jara-Gutiérrez C, Santana P, Guzman
F. Evaluation of the Biological Activities of
Peptides from Epidermal Mucus of Marine Fish
Species from Chilean Aquaculture. Marine Drugs.
Multidisciplinary Digital Publishing Institute;
2024 May 28 ;22(6):248. Available from:
https://doi.org/10.3390/md22060248 PMID:
38921559

Advances in Consumer Research

908



How to cite : Sudha Murugesan, Siva Devi Sathiyamoorthy, Saroj Kumari S, Gunasekar R, Bharath Selvam, Akash Murugan,
Mohammed Arshath Ayub Khan, Bioprospecting Aquatic Innate Immunity: Fish Mucus-Derived Compounds as Novel Human

Therapeutics. Advances in Consumer Research. 2026;3(3): 898-914
20.

21.

22.

23.

24.

25.

26.

27.

28.

Bhatnagar A, Rathi P. Fish Skin Mucus as
Putative Bio-resource for the Development of
Next-Generation Antibiotics. Egyptian Journal
of Aquatic Biology and Fisheries. Egyptian
Society for the Development of Fisheries and
Human Health; 2021 Oct 1;25(5):1063.
Available from:
https://doi.org/10.21608/ejabf.2021.209279

Cole AM, Weis P, Diamond G. Isolation and
Characterization of Pleurocidin, an
Antimicrobial Peptide in the Skin Secretions of
Winter Flounder. Journal of Biological
Chemistry. Elsevier BV; 1997 May 1 [cited
2025 Sep];272(18):12008. Available from:
https://doi.org/10.1074/jbc.272.18.12008
PMID: 9115266

Wang L, Qin T, Zhang Y, Zhang H, Hu J, Cheng
L, Xia X. Antimicrobial Peptides from fish:
Main Forces for Reducing and Substituting
Antibiotics. Turkish Journal of Fisheries and
Aquatic Sciences. Central Fisheries Research
Institute of Tirkiye; 2023 Jul 31;24(1).
Available from:
https://doi.org/10.4194/trjfas23922

Mathiessen H, Marana MH, Hénard C,
Nintemann SJ, Gelskov SV, Jergensen L von G.
Host-parasite interactions: Innate immune
responses of zebrafish (Danio rerio) and
immune evasive behaviour of a fish parasite.
Research Portal Denmark. Technical University
of Denmark; 2023 Jan 1.

Ranjan D, Singh MB, Verma P, Pathak A,
Kanaujiya S. Fish Skin Mucus and Its
Importance in Fish and Humans. Current Journal

of Applied Science and Technology.
Sciencedomain  International, 2023 May
6;42(10):34. Available from:

https://doi.org/10.9734/cjast/2023/v421104097

Kumar K, Upadhyay M. Study on the Role of
Fish-Derived Bioactive Compounds in Cancer
Therapy: A Molecular Perspective. Journal of
Advances and Scholarly Researches in Allied
Education. 2025 Jul 1;22(4):155. Available
from: https://doi.org/10.29070/383dwe51

C.S. 'V, Biswas S, Gangopadhyay S, Majumder
J, Reddy GV, Debnath A, Magrey AH,
Sivakumar K, Srivastava A, Afreen N.
Exploring Human Health Benefits from Marine
Biomedical Research with Fishes. Uttar Pradesh
Journal of Zoology. Uttar Pradesh Zoological
Society; 2024 May 6 ;45(11):59. Available
from:
https://doi.org/10.56557/upjoz/2024/v45111407
0

Fayaz I, Bhat RAH, Tandel RS, Dash P.
Antimicrobial Peptides and Their Role in
Therapeutics. 2024. p269. Available from:
https://doi.org/10.1007/978-981-97-1790-3 16

Comert F, Heinrich F, Chowdhury A,
Schoeneck M. Darline C_ Anderson KW

29.

30.

31.

32.

33.

34.

35.

36.

Libardo MDJ, Angeles-Boza AM, Silin V, Cotten
ML, Mihailescu M. Copper-binding anticancer
peptides from the piscidin family: an expanded
mechanism that encompasses physical and
chemical bilayer disruption. Scientific Reports.
Nature Portfolio; 2021 Jun 16 ;11(1). Available
from: https://doi.org/10.1038/s41598-021-91670-
w PMCID: 8208971

Al-Rasheed AA, Handool KO, Garba B, Mustapha
NM, Bejo SK, Mustaffa-Kamal F, Daud HHM.
Crude extracts of epidermal mucus and epidermis
of climbing perch Anabas testudineus and its
antibacterial and hemolytic activities. The
Egyptian Journal of Aquatic Research. Elsevier
BV; 2018 Jun 1;44(2):125. Available from:
https://doi.org/10.1016/j.¢jar.2018.06.002

Uyan A, TURAN C, Erdogan-Eliuz EA, Sangiin
MK. Antimicrobial properties of bioactive
compounds isolated from epidermal mucus in two
Ray species (Dasyatis marmorata and Gymnura
altavela). Tropical Journal of Pharmaceutical
Research. Pharmacotherapy Group, University of
Benin, Benin City; 2020 Nov 26 ;19(10):2115.
Available from:
https://doi.org/10.4314/tjpr.v19i10.15

Panwar S, Semwal P, Thapliyal M, Thapliyal A,
Yaro CA, Batiha GE. Fish antimicrobial peptides:
at a glance. Environment Conservation Journal.
2023 Mar 25 ;24(2):387. Available from:
https://doi.org/10.36953/ecj.24542305

Najafian L, Babji AS. A review of fish-derived
antioxidant and antimicrobial peptides: Their
production, assessment, and applications.
Peptides. Elsevier BV; 2011. p. 178. Available
from:
https://doi.org/10.1016/j.peptides.2011.11.013
PMID: 22138166

Lindefeldt, M., Eng, A., Darban, H. et al. The
ketogenic diet influences taxonomic and
functional composition of the gut microbiota in
children with severe epilepsy. npj Biofilms
Microbiomes 5, 5 (2019).
https://doi.org/10.1038/s41522-018-0073-2

Lirio GA, Leon Jaad, Villafuerte AG.
Antimicrobial Activity of Epidermal Mucus from
Top Aquaculture Fish Species against Medically-
Important Pathogens. Walailak Journal of Science
and Technology (WIJST). Walailak University;
2018 Dec 28;16(5):329. Available from:
https://doi.org/10.48048/wjst.2019.6287

Hussain A, Kumar M, Mukhopadhyay K, Dutta A,
Sachan SG. Antimicrobial peptides in Clarias
batrachus epidermal mucus: Characterization and
therapeutic ~ potential.  Fish &  Shellfish
Immunology. Elsevier BV; 2025
Feb  12; 159:110191.  Available from:
https://doi.org/10.1016/j.£51.2025.110191 PMID:
39952311

Sarmah MP, Mahanta B, Shireen T, Choudhury

KT Biochemical Analvsis and Antimicrobial

Advances in Consumer Research

909


https://doi.org/10.36953/ecj.24542305

How to cite : Sudha Murugesan, Siva Devi Sathiyamoorthy, Saroj Kumari S, Gunasekar R, Bharath Selvam, Akash Murugan,
Mohammed Arshath Ayub Khan, Bioprospecting Aquatic Innate Immunity: Fish Mucus-Derived Compounds as Novel Human

Therapeutics. Advances in Consumer Research. 2026;3(3): 898-914

37.

38.

39.

40.

41.

42.

43.

Activity of Epidermal Mucus of Freshwater
Mud Eel Monopterus cuchia. Asian Journal of
Biological and Life Sciences. 2025 Apr
16;14(1):133. Available from:
https://doi.org/10.5530/ajbls.20251418

Chen Y, Wu J, Cheng H, Dai Y, Wang Y, Yang
H, Xiong F, Xu W, Wei L. Anti-infective Effects
of'a Fish-Derived Antimicrobial Peptide Against
Drug-Resistant Bacteria and Its Synergistic
Effects With  Antibiotic. = Frontiers in
Microbiology. Frontiers Media; 2020 Nov 23;
11:602412. Available from:
https://doi.org/10.3389/fmicb.2020.602412
PMID: 33329494

Neshani A, Zare H, Eidgahi MRA, Khaledi A,
Ghazvini K. Epinecidin-1, a highly potent
marine antimicrobial peptide with anticancer
and immunomodulatory activities. BMC
Pharmacology and Toxicology. BioMed
Central; 2019. p. 33. Available from:
https://doi.org/10.1186/s40360-019- 0309-7
PMID: 31138331

Patrzykat A, Gallant JW, Seo JK, Pytyck J,
Douglas SE. Novel Antimicrobial Peptides
Derived from Flatfish Genes. Antimicrobial
Agents and Chemotherapy. American Society
for Microbiology; 2003 Jul 23;47(8):2464.
Available from:
https://doi.org/10.1128/aac.47.8.2464-
2470.2003 PMCID: 166104

McMillan KAM, Coombs MRP. Investigating
Potential Applications of the Fish Anti-
Microbial Peptide Pleurocidin: A Systematic
Review. Pharmaceuticals. Multidisciplinary
Digital Publishing Institute; 2021; p. 687.
Available from:
https://doi.org/10.3390/ph14070687 PMID:
34358113

Najm AA, Azfaralarriff A, Dyari HRE, Alwi
SSS, Khalili N, Othman BA, Law D, Shahid M,
Fazry S. A Systematic Review of Antimicrobial
Peptides from Fish with Anticancer Properties.
Pertanika journal of science & technology.
University of Putra Malaysia; 2022; p. 1171.

Available from:
https://doi.org/10.47836/pjst.30.2.18
Hellio C, PONS A -M., Beaupoil C,

Bourgougnon N, Gal YL. Antibacterial,
antifungal and cytotoxic activities of extracts
from fish epidermis and epidermal mucus.
International Journal of Antimicrobial Agents.
Elsevier BV; 2002 Sep 1;20(3):214. Available
from: https://doi.org/10.1016/s0924-
8579(02)00172-3 PMID: 12385701

Qu B, Yuan J, Liu X, Zhang S, Ma X, Lu L.
Anticancer activities of natural antimicrobial
peptides  from  animals.  Frontiers in
Microbiology. Frontiers Media; 2024. Available
from:

44,

45.

46.

47.

48.

49.

50.

https://doi.org/10.3389/fmicb.2023.1321386
PMID: 38298540

Hsu H, Chen MH, Yeh ML, Chen W. Antibacterial
and Anticancer Activities of Pleurocidin- Amide,
a Potent Marine Antimicrobial Peptide
Derived from Winter Flounder, Pleuronectes
americanus. Marine Drugs. Multidisciplinary

Digital ~ Publishing Institute; 2022  Aug
14;20(8):519. Available from:
https://doi.org/10.3390/md20080519 PMID:

36005521

Ebrahimdoost M, Mohammadi M, Obeidi N,
Mohammadi SA, Khamisipour G. A Pleurocidin-
Like Peptide from Poecilia mexicana Fish Induces
Selective Cytotoxicity in Leukemia Jurkat Cells
Through The Apoptosis Pathway. PubMed.
National Institutes of Health; 2023 Feb 1;25(2):76.
Available from:
https://pubmed.ncbi.nlm.nih.gov/36840453
PMID: 36840453

Librizzi M, Martino C, Mauro M, Abruscato G,
Arizza V, Vazzana M, Luparello C. Natural
Anticancer Peptides from Marine Animal Species:
Evidence from In Vitro Cell Model Systems.
Cancers. Multidisciplinary Digital Publishing
Institute; 2023 Dec 20;16(1):36. Available from:
https://doi.org/10.3390/cancers16010036 PMID:
38201464

Yue-ju S. Isolation and identification of
pelteobagrin, a novel antimicrobial peptide from
the skin mucus of yellow catfish (Pelteobagrus
fulvidraco). Comparative Biochemistry and
Physiology Part B Biochemistry and Molecular
Biology. Elsevier BV; 2010 Nov 11;158(2):149.
Available from:
https://doi.org/10.1016/j.cbpb.2010.11.002
PMID: 21073979

Wang L, Dong C, Li X, Han W, Su X. Anticancer
potential of bioactive peptides from animal
sources. Oncology Reports. Elsevier BV; 2017; p.

637. Available from:
https://doi.org/10.3892/0r.2017.5778 PMID:
28677775

Subramanian S, Ross NW, MacKinnon SL.
Myxinidin, A Novel Antimicrobial Peptide from
the Epidermal Mucus of Hagfish, Myxine
glutinosa L. Marine Biotechnology 2009 Mar
30;11(6):748. Available from:
https://doi.org/10.1007/s10126-009-9189-y
PMID: 19330556

Fernandes JMO, Molle G, Kemp GD, Smith VJ.
Isolation and characterisation of oncorhyncin II, a
histone Hl-derived antimicrobial peptide from
skin secretions of rainbow trout, Oncorhynchus

mykiss. ~ Developmental &  Comparative
Immunology. Elsevier BV; 2003 Jun 30
28(2):127. Available from:

https://doi.org/10.1016/s0145-305x(03)00120-4
PMID: 12969798

Advances in Consumer Research

910



How to cite : Sudha Murugesan, Siva Devi Sathiyamoorthy, Saroj Kumari S, Gunasekar R, Bharath Selvam, Akash Murugan,
Mohammed Arshath Ayub Khan, Bioprospecting Aquatic Innate Immunity: Fish Mucus-Derived Compounds as Novel Human

Therapeutics. Advances in Consumer Research. 2026;3(3): 898-914

51.

52.

53.

54.

55.

56.

57.

Cho JH, Park 1Y, Kim SC. Cathepsin D
Produces the Potent Antimicrobial Peptide
Parasin I from Histone H2A in Scaleless Fish
Skin. 2001. p. 1049. Available from:
https://doi.org/10.1007/978-94-010-0464-0 491

Fernandes JMO, Kemp GD, MOLLE MG,
Smith VJ. Anti-microbial properties of histone
H2A from skin secretions of rainbow trout,
Oncorhynchus mykiss. Biochemical Journal.
Portland Press; 2002 Nov 27;368(2):611.
Available from:
https://doi.org/10.1042/bj20020980 PMID:
12164782

Liders T, Birkemo GA, Nissen-Meyer J,
Andersen @, Nes IF. Proline Conformation-
Dependent Antimicrobial Activity of a Proline-
Rich Histone H1 N-Terminal Peptide Fragment
Isolated from the Skin Mucus of Atlantic

Salmon. Antimicrobial Agents and
Chemotherapy. American  Society  for
Microbiology; 2005 May 25];49(6):2399.
Available from:

https://doi.org/10.1128/aac.49.6.2399-
2406.2005 PMCID: 1140541

Akhavan-Bahabadi M, Paknejad H, Hedayati A,
Habibi-Rezaei M. Fractionation of the Caspian
sand goby epidermal exudates Using Membrane

Ultrafiltration and Reversed-phase
chromatography: an  investigation  on
bioactivities. Research Square (Research

Square). Research Square (United States); 2023
Sep 8; Available from:
https://doi.org/10.21203/rs.3.1rs-3222643/v1

George MA, Krishnan SS, Madan A, Ansar S,
Merston J, Meganathan G, Pappuswamy M.
Antibacterial Efficacy of Oreochromis niloticus
Mucus and its Characterization. Journal of Pure
and Applied Microbiology. Dr. M.N. Khan;
2025 Jun 1;19(2):1448. Available from:
https://doi.org/10.22207/jpam.19.2.48

Adel M, Safari R, Soltanian S, Zorrichzahra MJ,
Esteban MA. Antimicrobial activity and
enzymes on skin mucus from male and female
Caspian kutum (Rutilus frisii kutum kamensky,
1901)  specimens. Slovenian  Veterinary
Research. 2018 Dec 21 [cited 2025 Sep];55(4).
Available from: https://doi.org/10.26873/svr-
440-2018

Peng K, Lee S, Hour A, Pan C, Lee LH, Chen J.
Five Different Piscidins from Nile Tilapia,
Oreochromis niloticus: Analysis of Their
Expressions and Biological Functions. PLoS
ONE. Public Library of Science;
2012 Nov 30 J7(11). Available
from:https://doi.org/10.1371/journal.pone.00502
63 PMID: 23226256

Naiel MAE, Ghazanfar S, Negm SS, Shukry M,
Abdel-Latif HMR. Applications of
antimicrobial peptides (AMPs) as an alternative
to antibiotic use in aquaculture — A mini-review.

58.

59.

60.

61.

62.

63.

64.

65.

Feb 7 ;23(3):691.  Available
https://doi.org/10.2478/a0as-2022-0090

Jung HJ, Park Y, Sung WS, Suh BK, Lee J, Hahm
K, Lee DG. Fungicidal effect of pleurocidin by
membrane-active mechanism and design of
enantiomeric analogue for proteolytic resistance.
Biochimica et Biophysica Acta (BBA) -
Biomembranes. Elsevier BV; 2007 Mar
16;1768(6):1400. Available from:
https://doi.org/10.1016/j.bbamem.2007.02.024
PMID: 17467656

Pereiro P, Figueras A, Novoa B. Compilation of
antiviral treatments and strategies to fight fish
viruses. Reviews in Aquaculture. Wiley; 2020 Dec
22;13(3):1223. Available from:
https://doi.org/10.1111/raq.12521

Falc6 A, Ortega-Villaizan M del M, Chico V,
Brocal I, Pérez L, Coll J, Estepa A. Antimicrobial
Peptides as Model Molecules for the Development
of Novel Antiviral Agents in Aquaculture. Mini-
Reviews in Medicinal Chemistry. Bentham
Science Publishers; 2009. p.1159. Available from:
https://doi.org/10.2174/138955709789055171
PMID: 19817709

Valero Y, Saraiva-Fraga M, Costas B, Guardiola
FA. Antimicrobial peptides from fish: beyond the
fight against pathogens. Reviews in Aquaculture.
Wiley; 2018 Nov 26;12(1):224. Available from:
https://doi.org/10.1111/raq.12314

Akhavan-Bahabadi M, Shekarbi SPH, Sharifinia
M, Khanjani MH. Exploring Fish Antimicrobial
Peptides (Amps): Classification, Biological
Activities, and Mechanisms of Action.
International Journal of Peptide Research and
Therapeutics. Springer Science. 2024 Sep 30
;30(6). Available from:
https://doi.org/10.1007/s10989-024-10656-0

Sridhar A, Manikandan DB, Marimuthu SK,
Murugesan M, Ramasamy T. Methanol Skin
Mucus Extract of Mrigal (Cirrhinus mrigala) Fish
Peptide Targeting Viral Particles of Infectious
Pancreatic Necrosis Virus (IPNV) and Infectious
Salmon Anemia Virus (ISAV): an in silico
Approach. International Journal of Peptide
Research and Therapeutics. Springer Science.
2021 Feb 23;27(2):1429. Available from:
https://doi.org/10.1007/s10989-021-10179-y

Sukmarini L. Antiviral Peptides (AVPs) of Marine
Origin as Propitious Therapeutic Drug Candidates
for the Treatment of Human Viruses. Molecules.
Multidisciplinary Digital Publishing Institute;
2022. p. 2619. Available from:
https://doi.org/10.3390/molecules27092619
PMID: 35565968

Mulder KCL, Lima LA de, Miranda V de J, Dias
SC, Franco OL. Current scenario of peptide-based
drugs: the key roles of cationic antitumor and
antiviral peptides. Frontiers in Microbiology.
Frontiers Media; 2013. Available from:

from:

'] 2023

Advances in Consumer Research

911


https://doi.org/10.26873/svr-440-2018
https://doi.org/10.26873/svr-440-2018

How to cite : Sudha Murugesan, Siva Devi Sathiyamoorthy, Saroj Kumari S, Gunasekar R, Bharath Selvam, Akash Murugan,
Mohammed Arshath Ayub Khan, Bioprospecting Aquatic Innate Immunity: Fish Mucus-Derived Compounds as Novel Human

Therapeutics. Advances in Consumer Research. 2026;3(3): 898-914

66.

67.

68.

69.

70.

71.

72.

https://doi.org/10.3389/fmicb.2013.00321
PMCID: 3813893

Hu H, Guo N, Chen S, Guo X, Liu X, Ye S, Chai
Q, Wang Y, Liu B, He Q. Antiviral activity of
Piscidin 1 against Pseudorabies virus both In
vitro and in vivo. Virology Journal. BioMed
Central; 2019 Jul 31;16(1):95. Available from:
https://doi.org/10.1186/s12985-019-1199-4
PMID: 31366370

Li X, Chi H, Dalmo RA, Tang X, Xing J, Sheng
X, Zhan W. Anti-microbial activity and
immunomodulation of recombinant hepcidin 2
and NK-lysin from flounder (Paralichthys
olivaceus). International Journal of Biological
Macromolecules. Elsevier BV; 2023 Oct
21;253:127590. Available from:
https://doi.org/10.1016/j.ijbiomac.2023.127590
PMID: 37871716

Debbarma S, Narsale SA, Acharya A, Singh SK,
Mocherla BP, Debbarma R, Yirang Y. Drawing
immune-capacity of fish-derived antimicrobial

peptides  for  aquaculture industry: A
comprehensive review. Comparative
Immunology Reports. Elsevier BV; 2024. p.
200150. Available from:

https://doi.org/10.1016/j.cirep.2024.200150

Rhee JK, Baek BK, Ahn BZ, Park YJ. The
wormicidal substances of fresh water fishes on
Clonorchis sinensis I Preliminary research on
the wormicidal substance from mucous
substance of Carassius carassius. Korean
Journal of Parasitology. Korean Society for
Parasitology; 1979 Jan 1;17(2):121. Available
from:
https://pubmed.ncbi.nlm.nih.gov/12902752/
PMID: 12902752

Akhavan-Bahabadi M, Paknejad H, Hedayati A,
Habibi-Rezaei M. Fractionation of the Caspian
sand goby epidermal exudates using membrane
ultrafiltration and reversed-phase
chromatography: an  investigation  on
bioactivities.  Scientific  Reports.  Nature
Portfolio; 2024 Jan 19;14(1):1716. Available
from: https://doi.org/10.1038/s41598-024-
52126-z PMID: 38242928

Rho HS, Kim H, Kim JA, Karadeniz F, Ahn B,
Nam K, Seo Y, Kong C. Anti-Inflammatory
Effect of By-Products from Haliotis discus
hannai in RAW 264.7 Cells. Journal of
Chemistry. Hindawi Publishing Corporation;
2015 Jan 1;2015(1).

Bakshani CR, Morales-Garcia AL, Althaus M,
Wilcox MD, Pearson JP, Bythell JC, Burgess
JG. Evolutionary conservation of the
antimicrobial function of mucus: a first defence
against  infection. NPJ Biofilms and
Microbiomes. Nature Portfolio; 2018. Available
from: https://doi.org/10.1038/s41522-018-
0057-2 PMCID: 6031612

73.

74.

75.

76.

77.

78.

79.

80.

Al-Hassan JM, Afzal M, Oommen S, Liu YF,
Pace-Asciak CR. Oxysterols in catfish skin
secretions (Arius bilineatus, Val.) exhibit anti-
cancer properties. Frontiers in Pharmacology.
Frontiers Media; 2022 Oct 14;13. Available from:
https://doi.org/10.3389/fphar.2022.1001067
PMID: 36313377

Rashad M, Sampo S, Cataldi A, Zara S. Biological
activities of gastropods secretions: snail and slug
slime. Natural Products and Bioprospecting.
Springer  Science. 2023. Available from:
https://doi.org/10.1007/s13659-023-00404-0
PMID: 37870705

Farid A, Ooda A, Nabil A, Nasser A, Ahmed E,
Ali F, Mohamed F, Farid H, Badran M, Ahmed M,
Ibrahim M, Rasmy M, Saleeb M, Riad V, Ibrahim
Y, Madbouly N. Eobania vermiculata whole-body
muscle extract-loaded chitosan nanoparticles
enhanced skin regeneration and decreased pro-
inflammatory cytokines in vivo. Journal of
Nanobiotechnology. BioMed Central; 2023 Oct
13;21(1). Available from:
https://doi.org/10.1186/s12951-023-02143-3
PMID: 37828599

Li W, Terauchi N, Meng D, Miyamoto N,
Tsutsumi N, Ura K, Takagi Y. Antioxidant and
fibroblast-activating activities of the by-product of
skate  chondroitin  extractive  production.
Sustainable Chemistry and Pharmacy. Elsevier
BV; 2021 Aug 18; 23:100499. Available from:
https://doi.org/10.1016/j.scp.2021.100499

Huang HN, Pan C, Wu H, Chen JY. Antimicrobial
peptide Epinecidin-1 promotes complete skin
regeneration of methicillin-resistant
Staphylococcus aureus-infected burn wounds in a
swine model. Oncotarget. Impact Journals LLC;
2017 Feb 3;8(13):21067. Available from:
https://doi.org/10.18632/oncotarget.15042 PMID:
28177877

Cunha MF, Coscueta ER, Brassesco ME, Almada
F, Gongalves D, Pintado M. Bioprospecting
Bioactive Peptides in Halobatrachus didactylus
Body Mucus: From /n Silico Insights to Essential
In Vitro Validation. Marine  Drugs.
Multidisciplinary Digital Publishing Institute;

2025 Feb 13;23(2):82. Available from:
https://doi.org/10.3390/md23020082 PMID:
39997206

Tagami M, Kuwahara J. Evaluation of Antioxidant
Activity and Amino Acids in the Mucus of
Mackerel for Cosmetic Applications. Journal of
Oleo Science. Japan Oil Chemists’ Society; 2020
Jan 1;69(9):1133. Available from:
https://doi.org/10.5650/j0s.ess20029 PMID:
32788514

Ohta N, Sato M, Ushida K, Kokubo M, Baba T,
Taniguchi K, Urai M, Kihira K, Mochida J.
Jellyfish mucin may have potential disease-
modifying effects on osteoarthritis. BMC
Biotechnology.

Advances in Consumer Research

912



How to cite : Sudha Murugesan, Siva Devi Sathiyamoorthy, Saroj Kumari S, Gunasekar R, Bharath Selvam, Akash Murugan,
Mohammed Arshath Ayub Khan, Bioprospecting Aquatic Innate Immunity: Fish Mucus-Derived Compounds as Novel Human

Therapeutics. Advances in Consumer Research. 2026;3(3): 898-914

81.

82.

83.

84.

85.

86.

87.

88.

BioMed Central; 2009 Dec 1;9(1). Available
from: https://doi.org/10.1186/1472-6750-9-98
PMCID: 2801673

Petrou G, Crouzier T. Mucins as multifunctional
building blocks of biomaterials. Biomaterials
Science. Royal Society of Chemistry; 2018; p.
2282. Available from:
https://doi.org/10.1039/c8bm00471d ~ PMID:
30047553

Kong H, Han J, Bian Y, Zhang X. Marine-
derived compounds applied in osteoarthritis:
function, challenges and future prospects.
Critical Reviews in Food Science and Nutrition.
Taylor & Francis; 2025; p. 7671. Available
from:
https://doi.org/10.1080/10408398.2025.247720
4 PMID: 40057958

Xiong L, Luo T, Wang L, Weng Z, Song H,
Wang F, Shen X. Potential of food protein-
derived peptides for the improvement of
osteoarthritis. Trends in Food Science &
Technology. Elsevier BV; 2022 Nov 1;129:544.
Available from:
https://doi.org/10.1016/j.tifs.2022.11.004

Mahadevan G, Mohan K, Jothiprakasam V, Ravi
V. Biotic potential of mucus extracts of giant
mudskipper  Periophthalmodon  schlosseri
(Pallas, 1770) from Pichavaram, southeast coast
of India. The Journal of Basic and Applied
Zoology. Springer Nature; 2019 Feb 20;80(1).
Available from:
https://doi.org/10.1186/s41936-019-0084-4

Shin SC, Ahn IH, Ahn DH, Lee YM, Lee J, Lee
JH, Kim H, Park H. Characterization of Two
Antimicrobial Peptides from Antarctic Fishes
(Notothenia coriiceps and Parachaenichthys
charcoti). PLoS ONE. Public Library of
Science; 2017 Jan 25 [cited 2025 Oct];12(1).
Available from:
https://doi.org/10.1371/journal.pone.0170821
PMCID: 5266299

Uthayakumar ~V, Ramasubramanian V,
Senthilkumar D, Priyadarisini VB, Harikrishnan
R. Biochemical characterization, antimicrobial
and hemolytic studies on skin mucus of fresh
water spiny eel Mastacembelus armatus. Asian
Pacific Journal of Tropical Biomedicine.
Medknow; 2012 Feb 1;2(2). Available from:
https://doi.org/10.1016/s2221-1691(12)60325-6

Aissaoui N, Abidi F, Hardouin J, Abdelkafi Z,
Marrakchi N, Jouenne T, Marzouki MN. Two
novel peptides with angiotensin I converting
enzyme inhibitory and antioxidative activities
from Scorpaena notata muscle protein
hydrolysate.  Biotechnology and Applied
Biochemistry. Wiley; 2016 Jan 22 ;64(2):201.
Available from:
https://doi.org/10.1002/bab.1478 PMID:
26799603

89.

90.

91.

92.

93.

94.

95.

96.

Abachi S, Bazinet L, Beaulieu L. Antihypertensive
and Angiotensin-I-Converting Enzyme (ACE)-
Inhibitory Peptides from Fish as Potential
Cardioprotective Compounds. Marine Drugs.
Multidisciplinary Digital Publishing Institute;
2019; p- 613. Available from:
https://doi.org/10.3390/md17110613 PMID:
31671730

Islam MdR, Dhar PS, Akash S, Syed SH, Gupta
JK, Gandla K, Akter M, Rauf A, Hemeg HA,
Anwar Y, Johny BOA, Wilairatana P. Bioactive
molecules from terrestrial and seafood resources
in hypertension treatment: focus on molecular
mechanisms and targeted ttherapies.Natural
Products and Bioprospecting. Springer Science;
2023. Available from:
https://doi.org/10.1007/s13659-023- 00411-1
PMID: 37902881

Jo D, Khan F, Park S, Ko S, Kim KW, Yang D,
Kim JY, Oh G, Choi G, Lee DS, Kim Y. From Sea
to Lab: Angiotensin [-Converting Enzyme
Inhibition by Marine Peptides—Mechanisms and
Applications. Marine Drugs. Multidisciplinary
Digital Publishing Institute; 2024; p. 449.
Available from:
https://doi.org/10.3390/md22100449 PMID:
39452857

Alonso IP, Méndez LR, Garcia FA, Valdés-
Tresanco ME, Sanchez YA, Hernandez-Zanuy A,
Alvarez-Lajonchére L, Diaz D, Pérez BS, Florent
I, Schmitt M, Cisneros M, Charli JL. Marine
oorganisms:a source of biomedically relevant
metallo M1, M2 and M 17 exopeptidase inhibitors.
HAL (Le Centre pour la Communication
Scientifique Directe). Centre National de la
Recherche Scientifique; 2020 Sep 13; Available
from: https://hal.science/hal-02944434

Mimura T, Kohama Y, Satake M, Nagase Y.
Octopeptide exhibiting antihypertensive activity.
1989. Available from:
https://www.freepatentsonline.com/5071955 . html

Saleh M, Kumar G, Abdel-Baki AS, Dkhil MA,
El-Matbouli M, Al-Quraishy S. Quantitative
shotgun proteomics distinguishes wound-healing
biomarker signatures in common carp skin mucus
in response to Ichthyophthirius —multifiliis.
Veterinary Research. BioMed Central; 2018 Apr
20;49(1). Available from:
https://doi.org/10.1186/s13567-018-0535-9
PMCID: 5910588

Meganathan G, Pappuswamy M. Wound Healing,
Cell Viability and Antimicrobial Potency of
Mucus from Pangasianodon hypophthalmus.
Journal of Pure and Applied Microbiology. Dr.
M.N. Khan; 2024 Nov 13; Available from:
https://doi.org/10.22207/jpam.18.4.14

Baie S, Sheikh KA. The wound healing properties
of Channa striatus-cetrimide cream- wound
contraction and glycosaminoglycan measurement.
Journal of Ethnopharmacology. Elsevier BV; 2000

Advances in Consumer Research

913


http://www.freepatentsonline.com/5071955.html

How to cite : Sudha Murugesan, Siva Devi Sathiyamoorthy, Saroj Kumari S, Gunasekar R, Bharath Selvam, Akash Murugan,
Mohammed Arshath Ayub Khan, Bioprospecting Aquatic Innate Immunity: Fish Mucus-Derived Compounds as Novel Human
Therapeutics. Advances in Consumer Research. 2026;3(3): 898-914

Nov 1;73:15. Available from: against Escherichia coli and its application in
https://doi.org/10.1016/s0378-8741(00)00253-1 chilled fish fillets preservation. LWT. Elsevier
PMID: 11025135 BV; 2022 Aug 7; 167:113840. Available from:

97. Rakers S, Niklasson L, Steinhagen D, Kruse C, https://doi.org/10.1016/j.1wt.2022.113840

Schauber J, Sundell K, Paus R. Antimicrobial
Peptides (AMPs) from Fish Epidermis:
Perspectives for Investigative Dermatology.
Journal of Investigative Dermatology. Elsevier
BV; 2013. p. 1140. Available from:
https://doi.org/10.1038/jid.2012.503 PMID:
23407389

98. Liu CW, Hsieh CY, Chen JY. Investigations on
the Wound Healing Potential of Tilapia Piscidin
(TP)2-5 and TP2-6. Marine  Drugs.
Multidisciplinary Digital Publishing Institute;
2022 Mar 10;20(3):205. Available from:
https://doi.org/10.3390/md20030205  PMID:
35323503

99. Piktel E, Wnorowska U, Gorbacz-Kononczuk J,
Sienkiewicz J, Gluszek K, Okta S, Bucki R.
From antimicrobial to anticancer: unraveling the
potential of pleurocidin and pleurocidin-derived
peptides in the treatment of cancers. Frontiers in
Pharmacology. Frontiers Media; 2024 Jan 26;
15:1340029. Available from:
https://doi.org/10.3389/fphar.2024.1340029
PMID: 38344173

100.Wang S, Fan L, Pan H, Li Y, Qiu Y, Lu Y.
Antimicrobial peptides from marine animals:
Sources, structures, mechanisms and the
potential for drug development. Frontiers in
Marine Science. Frontiers Media; 2023 Jan 19;9.
Available from:
https://doi.org/10.3389/fmars.2022.1112595

101.Azemin WA, Rashid SA, Philip N, Ali AM,
Shamsir MS. Fish-derived hepcidins in cancer
treatment: a scoping review. Beni-Suef
University Journal of Basic and Applied
Sciences. Springer Science. 2025. Available
from: https://doi.org/10.1186/s43088-025-
00599-w

102.Najm AA, Azfaralariff A, Dyari HRE, Othman
BA, Shahid M, Khalili N, Law D, Alwi SSS,
Fazry S. Anti-breast cancer synthetic peptides
derived from the Anabas testudineus skin mucus
fractions. Scientific Reports. Nature Portfolio;
2021  Nov  30;11(1). Available from:
https://doi.org/10.1038/s41598-021-02007-6
PMCID: 8632885

103.Fomina LL, Oshurkova YuL, Junina OA,
Kulakova TS, Weitzel AE. Study of Protein
Components of Fish Skin Mucus with
Thrombogenic Activity. Russian Agricultural

Sciences. Pleiades Publishing;
2020  Jul 1;46(4):399.
Available from:

https://doi.org/10.3103/51068367420040060

104.Leng W, Wu X, Xiong Z, Shi T, Sun Q, Li Y,

Gao R. Study on antibacterial properties of

mucns extract of snakehead (Channag arous)
Advances in Consumer Research 914




