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ABSTRACT
The continuous requirement to substitute safe and affordable alternatives for helminth medications, as well as address the

resistance of some used drug classes, introduced bioactive products derived from marine animals into the field of

competition; however, almost all the previous research only focused on their impact on bacterial and protozoal infection.

In the present work, we investigated the potential in vitro nematocidal effect of the aqueous extract of defense secretions

for four species of marine mollusks: two cephalopods, namely the cuttlefish Sepia pharaonis and the common Octopus

Octopus vulagris and two gastropods, the sea hare Aplysia argus and the sea slug Berthillina citrina, against the adult

murine pinworm Syphacia obvelata. Data showed dose and time efficacy in all examined extracts. The sea slug's skin acid

secretion has the highest impact, causing death in the cultivated worms, followed by the ink of the sea hare, the common

octopus and the cuttlefish, where LC90 after 10 h of exposure were 250, 290, 316, and 391 µg/mL, respectively. Com-

paratively with the control and albendazole‐treated groups, the skin acid secretion of the sea slug caused the highest

levels of the antioxidant enzymes SOD, Cat and GSH‐PX; however, albendazole prompted the highest level of GSH‐PX
enzyme in all experimental groups.

1 | Introduction

Given the side effects of synthetic drugs, people are
always searching for safe and efficient alternative primary
healthcare therapies. Fortunately, nature has provided us
with an enormous repository of cures for all human ailments
and diseases related to them. Before, all medicines had
originated from plants; however, there was a subsequent
trend to using herbs instead, which contain compounds like
flavonoids, terpenoids, tannins, alkaloids, and steroids and
have been demonstrated to have a major physiological
impact on human health (Yadav and Agarwala 2011; Roy
et al. 2021, 2022).

Among the most common human infections, intestinal hel-
minths influence around 2 billion individuals globally. Even
though intestinal helminth infections are not as harmful to
humans as other infectious agents, individuals with high
worm burdens frequently have malnourishment, anemia,
stunted growth, and other intestinal diseases (Sueta
et al. 2002). Among the intestinal parasitic helminths, Sy-
phacia obvelata (Nematoda: Oxyuridae) is a pinworm parasite
infecting the colon and cecum of man and the laboratory
animals in high abundance. Intestinal intussusception in
children, mucoid enteritis, and rectal prolapse have been
linked to this infection (Tjaden & Schropp, 2014). Because of
the constant re‐exposure to this nematode caused by direct
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transmission via contaminated food, water, and bedding, and
the drug resistance of worm populations, controlling pin-
worm holdings can be quite challenging.

For the past 15 years, the field of finding new medications
that capitalize on marine biodiversity has grown at an ex-
ponential rate (Lhullier et al. 2020; Estrella‐Parra et al. 2022;
Romano et al. 2022). There is a vast array of chemicals that
marine organisms naturally create, including many active
substances with unique biological characteristics (Zhong
et al. 2013). More than 15,000 novel compounds have been
discovered from marine origins; the largest source, with
about 8000 compounds, comes from sponges and cnidarians
(Mehbub et al. 2014; Pati, Sahu, and Panigrahy 2015).
However, only a small number of them have undergone
in vitro screening (Tejuca et al. 1999; Salas‐Sarduy
et al. 2013; Mehbub et al. 2014; Tapilatu 2015; Estrella‐
Parra et al. 2022) and still have not been validated as
potential sources of alternative medicines to prevent and
treat human diseases.

Mollusks constitute an important group of marine
animals, representing 23% of total organisms (Pati, Sahu,
and Panigrahy 2015). Due to their habitats, they are capable
of overcoming different types of stress and synthesizing
secondary metabolites possessing immunological properties
and anticancer, anti‐inflammatory, and antimicrobial
activities (Cimino and Sodano 2006; Schneiderb et al. 2021).
Inking behavior is a well‐known and fascinating defensive
phenomenon within two molluscan' groups: cephalopods
and sea hares (Kicklighter et al. 2005; Bush, Robison,
and Caldwell 2009; Nair et al. 2011; Derby 2014). Cephalo-
pod inks have yielded several substances, including glyco-
proteins, peptides, indole alkaloids, and chlorinated
acetylenes, with anticancer, antiretroviral, antioxidant, and
antimicrobial properties that could be used in chemo-
therapeutic injuries (Rajaganapathi, Thyagarajan, and
Edward 2000; Liu et al. 2011; Vennila et al. 2011;
Fahmy, 2013; Senan, Sherief, and Nair 2013; Saleh
et al. 2015; Soliman, Fahmy, and El‐Abied 2015; Hossain
et al. 2018). However, the ink of sea hare had antimicrobial,
antioxidant, hemolytic, and haemagglutinin activities (Melo
et al. 2000; Yang et al. 2005; Vennila et al. 2011; Cherif
et al. 2015).

Some compounds from marine gastropods like Caenogas-
tropoda (Thompson 1969; Wägele, Knezevic, and Moustafa
2022) and Heterobranchidae (Gillette, Saeki, and
Huang 1991; Wägele, Knezevic, and Moustafa 2017) contain
mainly hydrochloric and sulphoric acids, which have been

shown to have potential biological and medical applications
and antimicrobial activities, but most of these compounds
have not been characterized or even clearly identified
(Kaviarasan, Siva, and Yogamoorthi 2012; Turner
et al. 2018; Tortorella et al. 2021). Nevertheless, the anti-
helminthic impact of these bioactive metabolites remains
out of focus.

The goal of this work is to evaluate the potential in vitro
nematicidal effect of the defense secretions for four species
of marine mollusks: two cephalopods, namely the cuttlefish,
Sepia pharaonis and the common octopus, Octopus vulagris
and two gastropods, the sea hare, Aplysia argus and the sea
slug, Berthillina citrina. The pinworm S. obvelata serves as
an experimental nematode model due to its short life cycle
and high infection prevalence.

To the best of our knowledge, our study is the first to document
the anthelminthic effect of defense secretions from either gas-
tropod or cephalopod on parasitic nematodes, which is con-
sidered a fundamental step in validating the potential of
employing some of them as therapeutic alternatives against
intestinal nematode infections.

2 | Materials and Methods

2.1 | Cephalopods (Figure 1)

The cuttlefish, S. pharaonis, and the common octopus,
O. vulgaris were collected by fishermen at the National
Institute of Oceanography in Hurghada, Red Sea Gover-
norate, Egypt.

2.2 | The Sea Hare, A. argus (Figure 1)

Specimens were collected from 40 km north of Al‐Quseir city,
Red Sea governorate, Egypt.

2.3 | The Sea Slug, B. citrina

Specimens were collected from the Red Sea coast at two sites:
67 km north of Safaga city and 14 km south of Al‐Quseir city,
Red Sea governorate, Egypt.

2.4 | Albendazole

Pharmaceutical grade of albendazole‐ PHR1281, from Sigma‐
Aldrich company, Saint Louis, MO, United States.

2.5 | S. obvelata

Gravid females were collected from the colon and cecum
of naturally infected albino mice, Mus musculus from El

Summary

• The study focuses on the potential anthelminthic prop-
erties of marine molluscans' bioactive materials.

• Significant in vitro nematocidal activity against pin-
worms was demonstrated by the aqueous extract of skin
acid secretion of the sea slug, Berthillina citrina and ink
of the sea hare, Aplysia argus.
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Gharbiyah Governorate, Egypt, and identified according to
Hussey (1957).

2.6 | Ink Extraction From the Cephalopods and
Sea Hare

Animals were transported to the laboratory in sea water. The
ink fluid was obtained by disturbing the animals and extracted with
water (Vennila et al. 2011). Animals were stimulated to eject their
ink using forcipes. The ink fluid was collected in vials and imme-
diately frozen at −20°C. All ink samples of the sea hare and ce-
phalopods were centrifuged at 15,000 rpm for 15min. The

supernatant was lyophilized to residue using a freeze dryer and
stored at −20°C until use (Vennila et al. 2011).

2.7 | Skin Acid Secretion (SAS) Extraction From
the Sea Slug

Specimens were washed three times using 3.2% NaCl solution,
and gently dried with absorbent paper to remove sea salt traces
(Thompson 1983). Animals were stimulated to expel acid secre-
tion using a smooth glass rod; the secretion was collected in vials
and immediately frozen at −20°C. Samples were centrifuged at
5000 rpm for 15min, and the supernatant was lyophilized to an
orange‐red residue and stored at −20°C until use.

2.8 | Experimental Maintenance of S. obvelata

The gravid females of S. obvelata were dissected, and the uteri
were taken out and sliced open to release the eggs. The recovered
eggs were incubated in 0.9% saline solution for 24 h at 20°C, and
then concentrated by centrifugation at 1500 rpm for 5min. One
hundred fifty male albino mice, aged 6–8 weeks, were experi-
mentally infected with eggs. 1.5mL of a 0.9% saline solution
containing ̴ 500 eggs was directly placed into the stomach of each
mouse by a gavage needle (16 G× 3 in., 7.62 cm). Fourteen days
post infection, the worms were recovered from the colon and
cecum (40–110 worms/mouse), washed in a 0.9% saline solution,
and kept in a 37°C incubator until in vitro cultivation.

2.9 | Mortality Assay

A stock water solution at a concentration of 700 µg/mL was
performed for the inks of S. pharaonis, O. vulagris, and A. argus
and the skin acid secretion of B. citrina, and seven gradual
concentrations (10, 50, 100, 200, 300, 400, and 500 µg/mL) of
each extract were established.

In vitro cultivation of worms was achieved in 10mL of Roswell
Park Memorial Institute (RPMI) 1640 with L‐glutamine (Sigma‐
Aldrich R8758). For each concentration, three replicas have been
prepared with a worm sample size of 7–10. The control group
contained only RPMI 1640 medium, whereas, albendazole group
contained 100 µg/mL albendazole (Chai, Jung, and Hong 2021) in
the cultivated medium. The cultivation process has been accom-
plished in Nu‐437‐400E class II laminar flow cabinet under nor-
mal gas phase at 37°C. Activity and mortality of cultivated worms
were detected by mechanical and light stimulations. The number
of dead worms was recorded after 2, 4, 6, 8, and 10 h' exposure
time. By deducting the dead worms in the control group from the
total number of dead worms in the experimental group, the actual
number of dead worms in each concentration is determined. The
mortality rate of cultivated worms in each tested concentration
was calculated according to the following equation:

Half‐lethal concentration (LC50) and sub‐lethal concentration
(LC90) of the four extracts were determined after 10 h of exposure.

2.10 | Statistical Analysis

Data were presented as the means and standard deviations of
the independent experiments (experiments were triplicated).
LC50 and LC90 values for the worm's mortality were calculated
using probit analysis. Two‐way analysis of variance (ANOVA)
test was established to understand the dependence of the
worm's mortality on the tested concentrations of each mollus-
can' secretion, on the exposure times, and on both factors. The
statistical analysis of the data was conducted using SPSS.

FIGURE 1 | Collection sites of the examined samples; ● the

cuttlefish, Sepia pharaonis, and ● the common octopus, Octopus

vulgaris, ■ the sea hare, Aplysia argus, ★ the sea slug, Berthillina

citrina.

Mortality rate=
Mean no. of live worm in control group ‐Mean no.of live worm in treated group

Mean no. of live worm in control group
× 100
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2.11 | Scanning Electron Microscopic Inspection

Adult worms were fixed in 70% ethyl alcohol, dehydrated, and
carbon‐dioxide critical point dried before being adjusted to
aluminum stubs and coated with gold palladium in a gold
sputter coating apparatus (Bozzola and Russell 1999). The
specimens were viewed and photographed using a JSM‐
IT200Jeol (Japan) scanning electron microscope.

2.12 | Measurement of Antioxidant Enzyme
Activities

Six groups each of 200 worms were cultured for 10 h under
optimal in vitro conditions with RPMI medium (control group),
100 µg/mL albendazole (albendazole‐treated group), and LC90 of
the water extract of the four molluscans' marine secretions (LC90‐
treated groups). Worms were washed in buffered saline solution
and stored at −80°C until used. Worms were homogenized and
centrifuged at 3000 rpm for 15min at 4°C. The supernatant was
collected for the evaluation of antioxidant enzyme markers using
Elisa kits (Munteanu and Apetrei 2021). Catalase (CAT) (Cat No.
MBS2600683), superoxide dismutase (SOD) (Cat No. CSB‐
E08555r), and glutathione peroxidase (GSH‐Px) (Cat No. CSB‐
E12146r) activities were measured for each specimen.

3 | Results

3.1 | Mortality Assay

Water extracts of the inks of the cuttlefish, S. pharonis, common
octopus, O. vulgaris, sea hare, A. argus, and the skin acid secretion
of the sea slug, B. citrina were tested in vitro on S. obvelata, and
the results showed material and dose‐dependent nematicidal
activity (Figures 2–5).

The most effective secretion against the cultivated worms was the
acid secretion from B. citrina where 33.3 ± 15.2 of the cultivated
worms died at a concentration of 100 µg/mL after 8 h, followed by
the ink of A. argus, which caused only 19 ± 8.2 at the same
concentration and exposure time. The mortality increased up to

53.3 ± 5.77 and 28.6 ± 14.28 in the acid secretion of B. citrina and
the ink of A. argus, respectively, at 10 h' exposure time. Increasing
concentration resulted in a higher death rate, particularly during
the peak of cultivation; for instance, an 83.3 ± 15.3 death rate

FIGURE 2 | Mortality rate of Syphacia obvelata in seven concen-

trations of the water extract of Sepia pharaonis’ ink during five‐time

period intervals. ALB, albendazole‐treated group. (Sample size = 10).

FIGURE 3 | Mortality rate of Syphacia obvelata in seven concen-

trations of the water extract of Octopus vulagris' ink during five‐time

period intervals. ALB, albendazole‐treated group. (Sample size = 10).

FIGURE 4 | Mortality rate of Syphacia obvelata in seven concen-

trations of the water extract of Aplysia argus ink during five‐time period

intervals. ALB, albendazole‐treated group. (Sample size = 10).

FIGURE 5 | Mortality rate of Syphacia obvelata in seven concen-

trations of the water extract of Berthillina citrina skin acid secretion

during five‐time period intervals. ALB, albendazole‐treated group.

(Sample size = 10).
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from B. citrina' skin acid secretion at 300 µg/mL occurred within
8 h, whereas A. argus' ink caused a 66.7 ± 8.2 death rate, followed
by O. vulagris' ink (63.3 ± 15.3), then S. pharaonis' ink with the
lowest mortality rate (52.3 ± 8.2). In contrast to the albendazole
group, 100 µg/mL of albendazole resulted in 50 ± 0 mortality after
4 h increased to 100 ± 0 at 8 h.

In general, the mortality rate of S. obvelata was at the minimum
level within 2–4 h' exposure in low concentrations (10–100 µg/mL)
of all Mollusca's secretions, when compared with 8 and 10 h'
exposure times.

The LC50 and LC90 values for worm mortality were calculated
for the four secretions at 10 h of exposure (Table 1). Skin acid
secretion of B. citrina was the most effective, with the lowest
concentrations, followed by the ink of A. argus, the ink of O.
vulagris, and finally the ink of S. pharaonis. Worms treated with
LC90 of the four defense secretions have shown physical
damage under the bright field.

The dose–response effect has been confirmed by a two‐way
ANOVA test that demonstrates a highly significant interaction
between the concentration of B. citrina skin secretion and the
death rate of S. obvelata (F(8,90) = 470.324, p< 0.000). Addi-
tionally, exposure time has a significant impact on the rate of
death (F(4,90) = 131.370, p< 0.000), and both exposure time
and dose concentration had an impact on worm mortality
(F(32,90) = 12.506, p< 0.000). The ink from O. vulagris, S.
pharaonis, and A. argus showed a similar relationship, showing
a statistically significant impact of exposure time and dose
concentration on the S. obvelata death rate (p value < 0.000),
that is, the toxicity of the nematode increased by increasing the
concentration of marine molluscan's secretions and the time of
their exposure. There was a statistically significant variation in
the mortality rate between the four secretions, as well as with
albendazole at 100 µg/mL (F(16,60) = 3.31, p< 0.000).

3.2 | Ultrastructural Damage of Female
S. obvelata After LC90 Treatment of the Four
Molluscans' Defensive Secretions

Using scanning electron microscopy, we investigated the ultra-
structure damage in female S. obvelata and followed the in vitro
treatment with the LC90 of the water extract of the ink of S.
pharaonis (representing the cephalopods ink), the ink of A. argus,
and the skin acid secretion of B. citrine (Figure 6). The data are
compared with the worms in both albendazole‐treated and

control groups. The control group exhibits a normal architecture
of the worm, including the transversally annulated body cuticle
confined to the level of the crescent‐shaped anus; the bulb‐like
head capsule carries four submedian cephalic papillae; three
triangular fleshy lips naked from papillae; two amphids; and a
triradiate mouth lined with three thickened chitinized plates. The
small, striated cervical alae is followed by a small slit‐like vulva
with guarded folds. Albendazole‐treated worms show shrinking
of the body, especially the head structures, which leads to curving
inward the mouth opening. Flattening and deformation of the
cuticle annulation along the body and the cervical alae were
detected with enlargement of the vulva and flattening of its folds.
No detected damage on the anal opening.

The treated worms exhibited varied degrees of cuticular changes
due to the secretions of the four molluscans; the cuticular defects
following treatment with the acid secreted by B. citrine were
significant, whilst those following treatment with cephalopod ink
were rather minor. B. citrine's acid secretion caused a significant
swelling in the head capsule and lips, making the amphids hardly
detectable. In addition to discernible shrinkage and abrasion in
the cuticular alae, there is a disfiguring and deep groove separa-
tion between the cuticular annulations. The cuticle around the
anus had a deformity with scars formation, and the aperture was
disfigured. Cuticular ruffling and slight body shrinkage are the
effects of cephalopod inks, particularly in the anterior region
around the deformed and shrunken cervical alae. There is a little
deformation in the folds of the vulva and small, dispersed bulb‐
like abnormalities visible in the cuticular annulations surround-
ing it. With normal appearance of the anus.

3.3 | Alterations in the Activities of CAT, SOD,
and GSH‐PX Enzymes (Figure 7)

We assessed the activity levels of enzymes implicated in miti-
gating oxidative stress, such as GSH‐PX, CAT, and SOD, in both
control and altered worms following treatment with albenda-
zole and LC90 of the four molluscans' secretions (Figure 7).
Exposure of the worms to the water extracts of the marine
secretions produced an increase in the internal intracellular
production of CAT, SOD, and GSH‐PX activity, which were
significantly different from the control. Sea slug secretion shows
the highest enzymatic activities for CAT, SOD, and GSH‐PX,
indicating strong antioxidant properties; on the other hand, the
ink of Octopus exhibits moderate enzymatic activities across all
three enzymes, while the ink of Sea hare shows relatively lower
enzymatic activities, and the ink of Sepia exhibits the lowest
activities, particularly for GSH‐PX. There are statistically sig-
nificant differences between the four molluscan's secretions for
all enzymes, as indicated by the p‐values (< 0.001 for CAT,
GSH‐PX and SOD).

4 | Discussion

Pinworm infection is one of the most common types of parasitic
diseases that can affect animals and people. Poverty and
unhygienic conditions have a direct correlation with the high
prevalence of this infection, which may pose a risk to public

TABLE 1 | LC50 and LC90 of the four marine molluscans' secre-

tions against Syphacia obvelata at 10 h exposure time.

Conc. µg/mL
Molluscans' secretions LC50 LC90

Ink of Sepia pharaonis 251 391

Ink of Octopus vulagris 200 316

Ink of Aplysia argus 158 290

Skin acid secretion of Berthillina
citrina

89 250
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health. Although symptoms are confined to pruritus or a
prickling sensation in the perianal area, diarrhea and acute
appendicitis have been detected in heavy infections (Ramezani
and Dehghani 2007). Infection could also mimic other disease
processes and, however infrequently, can result in significant
infection consequences such as ovarian abscesses (Craggs
et al. 2009). Endometritis, urinary tract infection, and vulvo-
vaginitis are also complications that have been noted in some
clinical cases (Huh 2023).

The present work uses the murine pinworm S. obvelata as an
experimental model to shed light on potential safe substitutes

for widely used chemical medications for pinworm infection by
using natural bioactive products. These alternatives are less
likely to cause side effects when used in the recommended
therapeutic doses and can be found in abundance in the marine
environment. We investigate the nematicidal impact of the
defense secretions of four species of marine cephalopods and
gastropods on S. obvelata in vitro.

Cephalopod ink is one of the best sources of bioactive products
among various marine defense secretions. Melanin, proteins, pep-
tides, glycosaminoglycans, and certain enzymes, such as tyrosinase,
dopamine, and L‐DOPA, are the chemical components of this ink.

FIGURE 6 | Scanning electron micrographs of female Syphacia obvelata. 1–5. Control group; (1) enface view shows the bulb‐like head capsule (HC),

submedian cephalic papillae (SCP), three triangular lips (L), two amphids (AM), triradiate mouth opening (MO) with three chitinized plates. (2) striated

cervical alae (CA). (3) transverse annulations (A). (4) slit‐like vulva with guarded folds (V). (5) crescent‐shaped anus (Au). (6–10) Albendazole‐treated group.

(11–15) ink of Sepia pharaonis‐treated group. (16–20) ink of A. argus‐treated group. (21–25) acid secretion of Berthillina citrina‐treated group.
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Furthermore, it includes lipids, heavy metals, and trace levels of
taurine, aspartic acid, glutamic acid, alanine, and lysine, among

other amino acids (Derby 2014). Cuttlefish, squid, and octopus ink
have been the subject of several studies due to their potential
medicinal benefits. It is a rich source of anti‐inflammatory, anti-
oxidant, antibacterial, anticancer, and antiarthritic compounds
(Naraoka et al. 2000; Fahmy, 2013; Hernández‐Zazueta et al. 2021;
Sumi, Thazeem, and Sunish 2023).

In the present work, the lethal effect of S. pharaonis and O. vu-
lagris ink could be explained by the presence of numerous en-
zymes, such as tyrosinases, which may lead to the slight body
shrinkage and cuticular ruffling with bulb‐like abnormalities in
the treated worms. These enzymes have been shown to induce
cuticular alterations and tissue disruption in adult Toxocara vi-
tulorum in vitro (Shalaby et al. 2020). The authors detected
folding and wrinkling in the inner cuticular layer with deforma-
tion of the underlying muscle cells. However, the current inves-
tigation detected that only a high concentration (200 µg/mL) of S.
pharaonis and O. vulagris ink had a moderately lethal impact
(63.3 ± 15.3 and 52.3 ± 8.2, respectively) on the cultivated worm,
which was achieved after a comparatively lengthy exposure (8 h).
This limited effect can be largely attributed, firstly, to the presence
of melanin, which constitutes approximately 15% of the total wet
weight of the ink (Wang et al. 2014), associated with providing a
survival advantage to parasites (Nosanchuk and Casadevall 2006)
and reduced cellular susceptibility to cell wall‐degrading enzymes
(Nosanchuk and Casadevall 2003). Secondly, despite the lack of
toxins in the majority of cephalopod ink, tetrodotoxin (TTX) has
been detected in the blue‐ringed octopus,Hapalochlaena lunulata
(Huang et al. 2012) and shown to have a major defense role
(Williams and Caldwell 2009).

Although it has been observed that a number of molluscan
gastropods possess bioactive chemicals that may have haz-
ardous properties (Odeleye, White, and Lu 2019), researchers
have focused their efforts mostly on Conus species, resulting
in the clinical trials of many conopeptides, and the majority of
gastropods remain unfocused or poorly studied (Turner
et al. 2018). Sea hare toxins have shown considerable activity
against many bacterial and fungal strains (Ibrahim et. al.,

2020), but the anthelminthic potential has not yet been
examined.

In the present work, we evaluated the nematicidal effect of the ink
of the sea hare, Aplysia argus, for the first time against nematodes.
Data showed that the ink has a considerable effect on cultivated S.
obvelata, where a significant mortality began at a relatively high
concentration (300 µg/mL) after 6 h of exposure, and LC90 (290 µg/
mL) was achieved at 10 h. The effect of the toxin could be explained
considering the activities of a series of bioactive peptide/macrolides,
known as aplyronines, that have been detected in some sea hare
species (Aplysia sp. and D. auricularia) and shown to be L‐amino
acid oxidase with possible antibacterial and cytotoxic activity
(Iijima, Kisugi, and Yamazaki 2003; Kamiya, Sakai, and
Jimbo 2006). Additionally, Ibrahim et al. (2022) detected the pres-
ence of benzenesulfonic acid in the ink of A. fasciata, which is
known to have a nematicidal activity and effect on egg hatching
(Ohri and Kaur 2010). However, the current moderate impact of A.
argus ink may be related to the presence of nitric oxide donor
“L‐arginine” that has been detected in sea hare's toxins (Derby 2007)
and previously improved to enhance resistance to oxidative stress
on Trichinella spiralis related to albendazole treatment (Abdeltawab
et al. 2024).

There are numerous antimicrobial compounds against marine
microorganisms described in heterobranch orders such as ho-
marine (Cephalaspidea), iso‐naamidine‐A (Nudibranchia), pyr-
opheophorbides a and b (Anaspidea), and siphonarienolone and
diemenensins A (Pulmonata) (Avila and Angulo‐Preckler 2020),
however, Pleurobranchoids haven't been researched for this
behavior as far as we know. B. citrina, like all other Pleurobran-
choideans, is recognized for producing acidic secretion with a
pH as low as 1–2 that might ward off potential predators (Avila
and Angulo‐Preckler 2020).

The acid secretion from B. citrina shown to be the most efficient
secretion against the cultured S. obvelata in the current study.
The abrasion and disfigurement of the cuticular striations and
the scar formation, along with the swelling in certain body
regions, are probably alterations that caused a higher death rate
of the cultured worm. This effect could be correlated with the
activities of abundantly present sulfate and chloride ions and
taurine, which is one of the main components of the secretion's
free amino acids (Moustafa, Wägele, and El Behairi 2014). It
would be more accurate to say that while the acid secretion of B.
citrina and albendazole both have distinct therapeutic effects on
worms, they have different mechanisms of action, and the acid
secretion continues to be the most potent.

Oxidative stress greatly affects the ability of parasites to survive
and develop. Antiparasitic medications often cause parasites to
produce more reactive oxygen species (ROS). This oxidative
assault may harm the parasite's essential biomolecules, reduc-
ing its ability to survive and reproduce (DeMichele et al. 2023).
Parasites have evolved extensive adaptation strategies that
comprise the production of small‐molecule antioxidants and the
expression of antioxidant enzymes to combat OS and increase
their chances of survival (Masamba and Kappo 2021).

In this study, we investigated the possibility that the oxidative
stress caused by marine secretions in S. obvelata's body has

FIGURE 7 | Alterations of the activity level of the oxidative stress‐
responsive enzymes of S. obvelata followed the treatment with LC90 of

different molluscans' secretions. Statistically, different groups are rep-

resented with different letters.
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changed the activity levels of enzymes that help reduce oxida-
tive stress, including GSH‐PX, CAT, and SOD. After 10 h of
exposure to LC90 of the four extracts and albendazole, data
showed an increase in the level of the three enzymes, with the
sea slug's acid secretion producing the greatest amounts of
CAT, SOD, and GSH‐PX, comparable to the ink of the other
species. However, albendazole produced the highest level of
GSH‐PX among all treated groups.

5 | Conclusion

Finding novel nematicidal bioactive metabolites from natural
sources is crucial, given the dearth of new antinematode drug
classes and the difficulties currently associated with treatment
resistance. For the first time, the current study examined the
potential use of four marine molluscans' defensive secretions
against a parasitic nematode that can be relied upon to screen
more species of nematodes and combat their infections in vivo.

5.1 | Remarks

In vivo administration of the bioactive compounds derived from
invertebrates remains required several research works includ-
ing structural characterization, recombinant and chemical
manufacturing, molecular target identification, drug optimiza-
tion, and efficient delivery techniques.
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