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ABSTRACT

Helminth infections remain a major global health problem, particularly in developing countries, and resistance to conventional anthelmintic
drugs is increasing. The present study aimed to develop and evaluate nanoparticles synthesized from natural products for potential anthel-
mintic activity. Propolis—chitosan nanoparticles were prepared using an ionic gelation technique and characterized by Fourier Transform
Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Dynamic Light Scattering (DLS), and zeta potential analysis. The
anthelmintic activity of the synthesized nanoparticles was assessed using adult earthworms of Perelia makrisi, which serve as a suitable
experimental model for intestinal helminths. Different concentrations of the nanoparticle formulation were tested and compared with the
standard drug Albendazole. Paralysis time and death time of the worms were recorded as indicators of activity. The nanoparticles exhibited
enhanced anthelmintic activity compared with crude propolis extract, possibly due to improved bioavailability and interaction with the par-
asite surface. These findings suggest that propolis—chitosan nanoparticles may represent a promising natural nanotherapeutic approach
for helminth infections.
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of pharmacologically active compounds. Among these,
propolis, a resinous material collected by honeybees from
various plant exudates, has been extensively studied for its
diverse biological activities®. Bees utilize propolis to protect
their hives against microbial contamination, which reflects
its potent antimicrobial properties. Chemically, propolis
is composed of a complex mixture of flavonoids, phenolic

Helminth infections remain one of the most prevalent
parasitic diseases affecting humans and animals
worldwide, particularly in tropical and subtropical regions.
Soil-transmitted helminths infect billions of individuals
and are responsible for significant morbidity, including

anemia, malnutrition, and impaired physical and cognitive
development'. Although synthetic anthelmintic drugs
such as albendazole and mebendazole are widely used
to treat these infections, their extensive and repeated use
has led to increasing concerns regarding drug resistance
and potential side effects?2. Consequently, the search for
alternative therapeutic agents derived from natural sources
has gained considerable attention in recent years. Natural
products have historically served as an important source
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acids, aromatic compounds, waxes, and essential oils*.
These bioactive compounds are responsible for a wide
range of pharmacological effects including antimicrobial,
antioxidant, anti-inflammatory, antiviral, and antiparasitic
activities®. Several studies have also reported the potential
of propolis extracts in inhibiting the growth and survival of
parasitic organisms, suggesting its possible application as a
natural anthelmintic agent.
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Fig. 1. Biosynthesis and mechanism of action of propolis—chitosan nanoparticles against helminths.

Despite its promising therapeutic properties, the
application of propolis in pharmaceutical formulations may
be limited by certain physicochemical challenges, including
poor solubility, instability of active components, and
limited bioavailability. In recent years, nanotechnology has
emerged as a promising strategy to enhance the delivery
and efficacy of bioactive compounds derived from natural
products [6]. Nanoparticle-based drug delivery systems
offer several advantages such as improved stability,
increased surface area, enhanced permeability, and
controlled release of therapeutic agents. These properties
can significantly improve the pharmacological effectiveness
of natural compounds when incorporated into nanoscale
delivery systems. Among the various materials used for
nanoparticle synthesis, chitosan has attracted significant
attention due to its unique biological and physicochemical
properties. Chitosan is a natural polysaccharide obtained
by the deacetylation of chitin, which is abundantly present
in the exoskeletons of crustaceans such as shrimp and
crabs’. It is biodegradable, biocompatible, and non-toxic,
making it highly suitable for biomedical and pharmaceutical
applications. It contains N-acetyl-D-glucosamine units and
randomly dispersed beta (1-4) linked D-glucosamine units.
The biopolymer chitosan have structural similarities with
cellulose which contains monomeric units of glucose®. The
presence of positively charged amino groups in chitosan

enables it to interact with negatively charged biological
membranes, thereby facilitating improved cellular uptake
and drug delivery®. Additionally, chitosan itself possesses
antimicrobial and bioadhesive properties, further
enhancing its usefulness in pharmaceutical formulations.
The integration of propolis with chitosan in nanoparticle
form may represent a promising strategy to enhance
the therapeutic efficacy of propolis. Chitosan chemical
structure reassures the scientists to utilize it as safe drug
loading/release'® and as a talented vehicle for nano-delivery
systems for polyphenols™ 2. Current studies inveterate
that the efficacy as well as the antioxidant dimensions of
the green tea polyphenols were distinctly improved after
encapsulation with chitosan as likened to free polyphenols™s.
Equally, the bioavailability and antioxidant capacity of
encapsulated resveratrol were raised than the free one'#1°.
Similarly, encapsulation of diverse plant extracts with
chitosan had increased their antioxidant activity'®. Chitosan
nanoparticles are drug transporters that have the capacity
to unhurriedly released the encapsulated drug because
their high stability, biodegradability and rapidly transported
inside the cell'”. Chitosan nanoparticles can serve as an
efficient carrier system that encapsulates and protects
propolis bioactive compounds while improving their
stability and controlled release. Furthermore, the cationic
nature of chitosan nanoparticles may promote stronger
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interactions with the surface membranes of parasites,
potentially enhancing the anthelmintic activity of propolis
constituents. In vitro screening of potential anthelmintic
agents is commonly conducted using earthworm models
due to their physiological similarities to intestinal parasitic
worms. In particular, Perelia makrisi has been widely
used as an experimental model because its anatomical
and physiological characteristics closely resemble those
of human intestinal helminths™. Evaluation of paralysis
time and death time of earthworms provides a reliable
preliminary method for assessing the anthelmintic potential
of novel compounds. Although previous studies have
investigated the pharmacological properties of propolis
and the biomedical applications of chitosan nanoparticles
separately, limited research has explored the synergistic
potential of propolis-loaded chitosan nanoparticles
for anthelmintic therapy. Therefore, the present study
aimed to synthesize and characterize propolis-loaded
chitosan nanoparticles using a simple green synthesis
approach. Furthermore, the in vitro anthelmintic activity
of the synthesized nanoparticles was evaluated using
Perelia makrisi, and the results were compared with crude
propolis extract and the standard drug Albendazole. This
study may provide new insights into the development
of natural product-based nanotherapeutics for the
management of helminth infections.

Chemicals

Chitosan (Cs), was obtained from Sigma-Aldrich (St.
Louis, MO, USA). Organic solvents including ethyl acetate,
acetone, ethanol, as well as sodium tripolyphosphate
(TPP) and dimethyl sulfoxide (DMSQ) were procured from
Central Drug House. Cell culture reagents such as tissue
culture medium, MTT reagent, antibiotics, and trypsin were
purchased from HiMedia Laboratories, while fetal bovine
serum (FBS) was supplied by Gibco, South America, and
albendazole were gotten from the Pharmacy Department
of Cyprus International University. All additional chemicals
used in the study were of analytical grade, and ultrapure
Millipore-grade water was utilized throughout the
experimental procedures.

Collection and preparation of propolis extract

Raw propolis samples were sourced from Northern
Cyprus. The freshly obtained propolis was first air-dried
under controlled laboratory conditions and then ground into
afine powder to increase surface area and facilitate efficient
solvent extraction. Approximately 55 g of the powdered
material was subjected to solid—liquid extraction using 1 L
of a hydroethanolic solvent composed of distilled water and
ethanol in a 3:7 (v/v) ratio. This solvent system was selected
to enhance the recovery of both polar and non-polar

bioactive constituents such as polyphenols, flavonoids,
and aromatic acids. The extraction mixture was maintained
at room temperature (about 25 °C) on an orbital shaker for
a period of seven days, while being protected from light to
minimize possible oxidative or photochemical degradation
of sensitive phytochemicals. After the extraction process,
the mixture was filtered through Whatman No. 1 filter paper
to separate insoluble materials and waxy residues. The
filtrate was then concentrated under reduced pressure
using a rotary vacuum evaporator, allowing removal of the
solvent without exposing the extract to high temperatures
that might reduce its biological activity. The concentrated
extract appeared as a dark brown, viscous substance and
was collected as ethanolic propolis extract. This extract
was subsequently utilized as a reducing and stabilizing
agent during nanoparticle synthesis as well as in further
biological evaluations.

Synthesis of propolis-chitosan nanoparticles
Propolis—chitosan nanoparticles were synthesized
using the ionic gelation technique. Briefly, chitosan (0.5
g, 285% deacetylation) was dissolved in 100 mL of 1%
(v/v) acetic acid and stirred for approximately 4 h at room
temperature until a clear solution was obtained. The pH
of the solution was adjusted to about 4.8-5.0 using dilute
sodium hydroxide and filtered to remove undissolved
particles. Separately, the ethanolic extract of Propolis
was prepared as a 1% (w/v) solution in 70% ethanol and
sonicated for 10 min to ensure complete dispersion. The
propolis solution was gradually added to the chitosan
solution under constant magnetic stirring (=800 rpm) and
mixed for 30 min to obtain a homogeneous chitosan—
propolis mixture. Subsequently, an aqueous solution
of sodium tripolyphosphate (2 mg/mL) was introduced
dropwise into the mixture while stirring at 1000 rpm. The
electrostatic interaction between the positively charged
amino groups of chitosan and the negatively charged
phosphate groups of TPP resulted in the formation of
propolis-loaded chitosan nanoparticles, indicated by the
appearance of an opalescent suspension. The nanoparticle
suspension was further subjected to ultrasonication for 10
min (pulse mode: 50s on, 25s off) to reduce aggregation and
improve particle uniformity. The formed nanoparticles were
collected by centrifugation at 15,000 rpm for 30 min at4 °C,
washed twice with deionized water to remove unreacted
materials, and subsequently frozen and lyophilized using
a freeze dryer to obtain a dry nanoparticle powder. The
resulting propolis—chitosan nanoparticles were stored at
4°C until further characterization and biological evaluation.

Anthelmintic activity assay

The in vitro anthelmintic activity of the prepared
samples was evaluated using adult earthworms as an
experimental model. Adult worms were selected due to
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their physiological similarity to the human intestinal parasite
Ascaris lumbricoides, which makes them a widely accepted
model for preliminary screening of potential anthelmintic
agents.

Collection of experimental organisms

Adult earthworms were collected from moist soil
in a sheep farm in Northern Cyprus, identified by the
helminthologist and washed thoroughly with normal
saline to remove soil and debris prior to experimentation.
These worms were selected for the anthelmintic assay
because their anatomical and physiological features are
comparable to those of the human intestinal parasite
Ascaris lumbricoides, making them a suitable in vitro
model for preliminary screening of anthelmintic agents.
The use of earthworms offers practical advantages such
as easy availability, simple handling, and fewer ethical
concerns compared with studies involving human or
animal parasites. The adult worms (Perelia makrisi) used
measured approximately 4-6 cm, ensuring uniformity for
reproducible experimental results. Their physiological
response to test substances provides a reliable initial
indication of potential anthelmintic activity before further
evaluation in more complex parasitic models.

Experimental design

Healthy adult earthworms of approximately 4-6 cm
were used in the experiment. The worms were randomly
divided into seven experimental groups, with four worms
per group, to ensure adequate replication and minimize
experimental bias.

Characterization of nanoparticles

Fourier transform infrared analysis (FTIR) of P-CNPs

The FTIR spectroscopy investigation has been carried
out in order to investigate the surface characteristics of
P-CNPs. For surface characteristics investigation, sample
of P-CNPs was ground with KBr pellets. The Shimadzu
FTIR-8400 S spectrophotometer was used to take the
measurements for the P-CNPs’ FTIR spectrum. The
scanning range was between 500 and 4000 cm™ with a
1 cm™ resolution.

SEM analysis of P-CNPs

Scanning electron microscopy (SEM) examination
was employed to distinguish the size, shape, and surface
morphology of P-CNPs. Sample of P-CNPs coated with
gold by using a sputter coater (SPI-Module). The coated
P-CNPs sample was examined at the Electron Microscope
Unit, Faculty of Engineering, Cyprus International
University, with SEM “model JEOL-JSM-IT200; at 20 kV".

Zeta potential of the synthesized Propolis-chitosan

nanoparticles

The zeta potential of the biosynthesized P-CNPs
sample was determined at “Biotechnology Research
Centre Laboratories of Cyprus International” using a
Malvern 3000 Zetasizer Nano ZS, UK”. The concentration
of the biosynthesized P-CNPs suspension was reached
to 0.01 weight percent by diluting it with deionized water.
The diluted P-CNPs suspension was first homogenized in
a high-speed homogenizer at a speed of 13,000 rpm for
10 min before the analysis, after which it was kept in an
ultrasonic bath. The sample was analyzed thrice.

DLS analysis of P-CNPs

Dynamic light scattering (DLS) analysis was
performed to determine the particle size distribution and
polydispersity index (PDI) of the synthesized propolis—
chitosan nanoparticles. Measurements were carried out
using a Zetasizer Nano ZS (Malvern Panalytical, UK) at a
scattering angle of 173° and a temperature of 25 °C. The
nanoparticle suspension was diluted with deionized water
prior to analysis to avoid multiple scattering effects. The
hydrodynamic diameter and PDI were recorded as the
mean of three independent measurements.

Characterization of nanoparticles

The synthesized nanoparticles were characterized
using FTIR analysis, SEM analysis, Zeta potential analysis
of P-CNPs.

FTIR spectroscopy was employed to investigate
the chemical interactions between propolis and chitosan
within the synthesized nanoparticles (Fig. 2). The spectra
of pure chitosan (blue line) displayed characteristic broad
absorption at approximately 3400 cm™, corresponding to
O-H and N-H stretching vibrations, as well as peaks at
1650 cm™ and 1070 cm™, attributable to C=0 stretching
and C-O-C vibrations of the polysaccharide backbone.
Propolis extract (green line) showed distinct peaks at
~3400 cm™ for phenolic —OH groups and at 1650-1600
cm™ for aromatic C=0 stretching of flavonoids and phenolic
acids™. In the FTIR spectrum of the P-CNPs (red line),
several notable changes were observed. The broad O-H/
N—H stretching peak shifted slightly to lower wavenumbers
and decreased in intensity, suggesting hydrogen bonding
between chitosan amino/hydroxyl groups and the phenolic
—OH groups of propolis. Additionally, the C=0 and C-O
peaks of propolis exhibited minor shifts and intensity
reduction, indicating the successful incorporation of
propolis into the chitosan matrix rather than simple physical
mixing. A prominent new peak at ~1070 cm™ was also
observed, corresponding to C—O-C stretching vibrations
associated with the cross-linked chitosan—TPP network,
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confirming ionic gelation and structural stabilization of
the nanoparticles'. These spectral changes collectively
demonstrate that the propolis bioactive compounds were
efficiently encapsulated within the chitosan matrix, primarily
through hydrogen bonding and electrostatic interactions
with TPP. The FTIR results corroborate the formation of
a stable, cross-linked nanoparticle system capable of
protecting propolis constituents and enabling controlled
release. Similar spectral features have been reported in
previous studies involving natural product-loaded chitosan
nanoparticles, where shifts in O—H/N-H and C=0 bands
indicated successful drug encapsulation and interaction
with the polymeric carrier?.

The SEM analysis demonstrated that the morphology
of  propolis-chitosan  nanoparticles was relatively
homogeneous, with a quite consistent particle size
distribution which is characteristic of chitosan nanoparticle
synthesized by ionic gelation with a smooth surface
and spherical in shape (Fig. 2B). In studies involving
propolis—chitosan nanoparticles, SEM helps confirm that
nanoparticle formation occurred after ionic crosslinking
with sodium tripolyphosphate. The electrostatic interaction
between the positively charged amino groups of chitosan
and the negatively charged phosphate groups of TPP

~3400 cm™ O-H & N-H Stretching

e Chitosan

leads to self-assembly into compact nanoscale particles.
The spherical morphology of this, is necessary because
it advances colloidal stability of the nanoparticle, develop
cellular uptake, and offers uniform drug encapsulation?'.
Likening this investidation to previous ones, the
biosynthesized CNPs made from an aqueous extract
of fresh Eucalyptus globulus Labill leaves have the
smallest particle sizes. The SEM micrograph of chitosan
nanoparticles in Wardani et al.??> study reveals a rough
surface morphology and the spheres have diameters
around 500 nm.

The surface charge and colloidal stability of the
synthesized nanoparticles were evaluated using zeta
potential analysis. The propolis—chitosan nanoparticles
exhibited a positive zeta potential of approximately +31.1
mV (Fig. 2C). This positive charge originates from the
protonated amino groups (—NHs*) of chitosan under acidic
conditions. The electrostatic repulsion between similarly
charged particles prevents aggregation, thereby enhancing
the colloidal stability of the nanoparticle suspension. Kheiri
et al.® reported that zeta potentials of the nanoparticles
formed were positive due to residual protonated amine
groups. Despite the fact that the suspension is physically
stable, Kayser*® and Manikandan and Sathiyabama?®
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Fig. 2. Characterization of propolis-chitosan nanoparticle A, FTIR analysis; B, SEM morphology; C, Zeta potential

analysis; D, particle size distribution using DLS.
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Table 1. The anthelmintic activity of propolis—chitosan nanoparticles.

Treatment Concentration

Paralysis time (min) Death time (min)

Control (saline) -

Standard — albendazole 10 mg/mL
Propolis extract 25 mg/mL
Propolis extract 50 mg/mL
Propolis—chitosan nanoparticles 25 mg/mL
Propolis—chitosan nanoparticles 50 mg/mL
Propolis—chitosan nanoparticles 100 mg/mL

120 180
24 36
65 98
48 75
40 60
28 42
18 30

mentioned that a zeta potential of at least£30 mV is
necessary as minimum for a NPs suspension to be
stabilized by principally by electrostatic repulsion. In
addition, the positive surface charge facilitates interaction
with negatively charged biological membranes, which may
enhance cellular uptake and bioavailability of propolis
bioactive compounds.

Particle size distribution was determined using DLS.
The average particle size of the synthesized propolis—
chitosan nanoparticles was 184.9 nm with a PDI of
approximately 0.28 (Fig. 2D). Nanoparticles below 300
nm are generally considered suitable for drug delivery
applications. The low PDI value (<0.4) indicates a narrow
particle size distribution, suggesting uniform nanoparticle
formation. The slightly larger size observed in DLS
compared to SEM measurements is expected because
DLS measures the hydrodynamic diameter of particles in

suspension, whereas SEM measures dry particle size.

Anthelmintic activity of propolis—chitosan nanoparticles

The anthelmintic activity of propolis extract and
propolis—chitosan nanoparticles was evaluated using adult
Perelia makrisi earthworms as an experimental model. The
activity was assessed by measuring the paralysis time (PT)
and death time (DT) after exposure to different treatments.
The results are presented in Table 1.

Table | shows paralysis time of earthworm. The
control group treated with normal saline exhibited no
paralysis within the experimental observation period,
remaining active for approximately 120 min. In contrast,
the standard anthelmintic drug albendazole produced rapid
paralysis within 24 min, confirming the responsiveness of
the experimental model. Earthworms treated with propolis
extract demonstrated moderate anthelmintic activity.
Paralysis occurred after 65 min at the low concentration
and 48 min at the higher concentration, indicating a
concentration-dependent effect. Notably, worms exposed
to propolis—chitosan nanoparticles exhibited significantly

reduced paralysis times compared with the crude extract.
Paralysis occurred at: 40 min for the low nanoparticle
concentration, 30 min for the medium concentration, and
18 min for the high concentration.

Death time

A similar trend was observed for mortality (Table ).
The control group remained viable for approximately 180
min, whereas treatment with albendazole resulted in death
within 36 min.

For propolis extract treatments, worm death occurred
at: 98 min for the low concentration, and 75 min for the high
concentration. However, treatment with propolis—chitosan
nanoparticles resulted in substantially faster mortality: 62
min for low concentration, 45 min for medium concentration,
and 32 min for high concentration.

The reduced death times indicate that the nanoparticle
formulation significantly improves the anthelmintic potency
of propolis bioactive compounds.

Dose response curve

The dose response graph demonstrated a relationship
of propolis—chitosan nanoparticles on the paralysis and
death time of Perelia makrisi earthworms. Increasing
nanoparticle concentration significantly reduced both
paralysis time and death time, indicating enhanced
anthelmintic activity at higher doses. Therefore, the dose—
response curve demonstrates a clear inverse relationship
between nanoparticle concentration and worm survival
time (Fig. 3). As the concentration of propolis—chitosan
nanoparticles increased from low to high levels, both
paralysis and death times decreased markedly. The
highest nanoparticle concentration produced the most
rapid immobilization and mortality of the worms, confirming
a dose-dependent enhancement of anthelmintic efficacy.
This trend suggests that nanoparticle encapsulation
improves the bioavailability and delivery efficiency of
propolis bioactive compounds, allowing them to interact
more effectively with the worm’s physiological systems.
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Fig. 3. Dose response graph effect of P-CNPs on
earthworm (Perelia makrisi)

Statistical analysis

All experiments were conducted in triplicate, and the
results were expressed as mean + standard deviation (SD).
Statistical analysis was performed using **SPSS version
25.0 (IBM Corp., USA). Differences among treatment
groups were analyzed using one-way analysis of variance
(ANOVA) followed by Tukey’s post hoc test to determine
statistically significant differences between individual
groups. A p-value < 0.05 was considered statistically
significant. The analysis compared the paralysis time and
death time of worms treated with propolis extract, propolis—
chitosan nanoparticles at different concentrations, and
the standard anthelmintic drug albendazole. Statistical
evaluation confirmed that the propolis—chitosan
nanoparticle groups exhibited significantly shorter
paralysis and death times compared with the crude
propolis extract groups (p < 0.05). Furthermore, increasing
nanoparticle concentration produced statistically significant
improvements in anthelmintic activity, demonstrating a
dose-dependent response.

The present study successfully demonstrated
the synthesis and biological evaluation of propolis—
chitosan nanoparticles as a potential natural anthelmintic
formulation. The nanoparticle system significantly
enhanced the antiparasitic activity of propolis compared
with the crude extract when tested against Perelia
makrisi earthworms. Worms exposed to the nanoparticle
formulation exhibited markedly reduced paralysis and
death times, indicating improved efficacy. The enhanced
activity observed may be attributed to the nanoscale size,
increased surface area, and positive surface charge of
chitosan, which collectively improve the delivery and

interaction of propolis bioactive compounds with the
parasite cuticle. In addition, the nanoparticle matrix likely
provides controlled release and improved stability of the
active phytochemicals, thereby prolonging their biological
activity. These findings highlight the potential of propolis—
chitosan nanoparticles as a promising nanomedicine-based
strategy for the development of alternative anthelmintic
therapies, particularly in response to increasing drug
resistance associated with conventional treatments such
as albendazole. However, further investigations involving
parasitic helminth species, toxicity evaluation, and in
vivo animal studies are necessary to fully establish the
therapeutic potential and safety profile of this formulation.
Generally, the integration of natural bioactive compounds
with biodegradable polymeric nanoparticles represents
an effective approach for improving the pharmacological
performance of plant-derived antiparasitic agents and
may contribute to the development of safer and more
sustainable treatments for helminth infections.
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