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Background & Objectives: The skin, being the body’s largest organ, is not only susceptible

Article Typef to one of the most prevalent forms of cancer but also vulnerable to a myriad of pathogens,
Research Article including bacteria. Myrtle essential oil (EO) has been shown to possess both anticancer and
antimicrobial properties. This study aimed to investigate the efficacy of alginate nanoparticles
Article history: containing myrtle EO on melanoma (A375) and epidermoid carcinoma (A431) cell lines, as
. well as on some common bacteria, including Escherichia coli, Pseudomonas aeruginosa, and
Received
Staphylococcus aureus.
23 Mar 2024

Materials & Methods: Initially, myrtle EO was analyzed using Gas Chromatography-Mass
Received in revised form | Spectrometry. Subsequently, alginate nanoparticles were prepared via the ionic-gelation
18 Apr 2024 method and characterized by dynamic light scattering, Zeta potential, and attenuated total
reflectance-Fourier transform infrared spectroscopy. Encapsulation efficacy was then

Accepted determined using UV-Vis spectrometry. Both cytotoxicity assessment (MTT assay) and
18 May 2024 evaluation of antibacterial effects (microdilution assays) were conducted using the 96-well
Published online plate format.
14 Jun 2024 Results: The major compounds identified in myrtle EO were a-pinene, 1,8-cineole, linalool,
linalool acetate, and geranyl acetate. The alginate nanoparticles exhibited a size of 160 + 9 nm,
a SPAN of 0.96, and a Zeta potential of -26 + 2 mV. The encapsulation efficacy was determined
to be 78.4%. It was found that the nanoparticles demonstrated cytotoxicity against A375 and
A431 cells with IC50 values of 211 ug/mL and 308 pg/mL, respectively. The most potent
antibacterial effect was observed against S. aureus (IC50: 266 pg/mL).
Publisher Conclusion: The alginate nanoparticles containing myrtle EO, which exhibited notable
Fasa University of cytotoxicity against melanoma and epidermoid carcinoma cells as well as potent antibacterial
Medical Sciences effects, show promise for further investigation in vivo studies.
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2024 cancer statistics released by the American
Cancer Society, it is projected that the number
of individuals afflicted with this condition
will surpass 2 million (1, 2). The skin, which
constitutes approximately one-sixth of the total
body weight, is not only the body’s largest
organ but also the site of the fifth most common
cancer type, non-melanoma skin cancer (3, 4).
Melanoma, a malignant transformation of
melanocytes, accounts for about 75% of skin
cancer-related deaths (5, 6). It is anticipated that
99,700 new cases of cutaneous melanoma will
be diagnosed in 2024 (1, 2).

In the present study, two human cancer cell
lines were employed: A375, a melanoma cell
line, and A431, an epidermoid carcinoma cell
line (7, 8). Both cell lines are widely utilized in
research to elucidate cancer biology and evaluate
the efficacy of various treatments and drugs on
cancer (9). Furthermore, the skin’s extensive
surface area renders it particularly susceptible
to damage from physical and chemical agents,
as well as various pathogens such as bacteria.
Among these, Escherichia coli (gram-negative),
Pseudomonas aeruginosa (gram-negative), and
Staphylococcus aureus (gram-positive) are
three common opportunistic pathogens capable
of inducing pain, swelling, and severe skin
infections (10-12).

The primary challenges in cancer treatment
can be attributed to the heterogeneous nature
of cancer, multidrug resistance, adverse effects
of therapeutic agents, cancer recurrence, and
metastasis (13). While antibiotic therapy remains
the firstline of defense againstbacterial infections,
concerns regarding antibiotic resistance
continue to mount (14, 15). In this context,
essential oils (EO) and extracts derived from
medicinal plants represent valuable resources for
developing novel therapeutic agents (16, 17). For
instance, Myrtus communis, or common myrtle
(Family: Myrtaceae), exhibits a diverse array
of biological activities, including antioxidant,
anticancer, antidiabetic, antibacterial, and
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antifungal properties (18, 19). The antibacterial
efficacy of myrtle EO has been confirmed
against a broad spectrum of bacteria, including
Parvimonas micra (gram-positive strain) and
Aggregatibacter actinomycetemcomitans
(gram-negative strain) (20).

Despite the advantages of medicinal plants,
such as their lack of resistance, safety profile,
and cost-effectiveness, there remains a need to
enhance their efficiency. Nanoparticles offer a
promising approach to augment the efficiency
and stability of these natural compounds by
modifying the physical and chemical properties
of their cargoes, such as EOs or extracts (21, 22).
Among these, alginate nanoparticles have
garnered significant attention in drug
delivery systems due to their non-toxicity,
biodegradability, and biocompatibility (23,
24). The present study marks the first report of
alginate nanoparticles containing myrtle EO. We
investigated their anticancer and antibacterial
effects against two cell lines, A375 and A431,
and three bacterial strains, S. aureus, E. coli,
and P. aeruginosa.

Materials and Methods

Alginate sodium and calcium chloride were
procured from Sigma-Aldrich (USA). EO
extracted from Myrtus communis leaves was
obtained from Tabib Daru Company (Iran).
A375 (CRL-1619) human malignant melanoma
cells and A431 (CRL-1555) human epidermoid
carcinoma cells, as well as E. coli (ATCC 25922),
P. aeruginosa (ATCC 27853), and S. aureus
(ATCC 25923), were sourced from the Pasteur
Institute of Iran.
Identification of Compounds of Myrtle
EO Using Gas Chromatography-Mass
Spectrometry (GC-MS) analysis

The analysis of myrtle EO was conducted
using a gas chromatography apparatus (Agilent
6890, HP-5MS column, USA) coupled with a
mass spectrometer (Agilent 5973, USA), adhering
to the procedures outlined in our prior study (25).
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In brief, the column temperature program
commenced at 40 °C (maintained for 1 minute),
then increased at a rate of 3 °C per minute
until reaching 250 °C, where it was held for 60
minutes. Both the injection port and detector
temperatures were set at 250 °C and 230 °C,
respectively. Additional operational parameters
included the use of helium (99.999%) as the
carrier gas, with a split flow of 25 mL/min,
septum purge of 6 mL/min, and a column flow
rate of 1 mL/min. Mass spectra were acquired
in full scan mode within the 50-550 m/z range,
utilizing an ionization energy of 70 eV. Retention
indices were computed using a mixture of
n-alkanes (C6—C27) based on the Van den Dool
and Kratz (1963) formula (26). The identification
of EO components involved a combination of
temperature-programmed retention indices and
mass spectra, which were compared with data
from ADAMS and NIST 17 (27, 28). Relative
abundances were determined through peak area
normalization.
Preparation and Characterizations of Alginate
Nanoparticles Containing Myrtle EO

The nanoparticles were prepared using the
ionic-gelation method, as detailed in our previous
investigation (29). Initially, myrtle EO (0.25%
w/w) and tween 20 (0.2% w/w) were blended on
a stirrer at 1000 rpm for 3 minutes. Subsequently,
an aqueous alginate solution (0.25% w/w) was
gradually added and stirred for approximately 3
minutes. Following this, aqueous calcium chloride
solutions (1.40, 1.00, 0.06, and 0.02% w/w) were
added dropwise (separately) and stirred for 40
minutes to stabilize. The mean size of the resulting
alginate nanoparticles containing myrtle EO was

Table 1. Ingredients and size analyses of prepared alginate nanoparticles containing Myrtle EO
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determined using a dynamic light scattering
(DLS) device (k-One, Nano, Ltd, Korea), which
provided information on nanoparticle size
distribution (SPAN). Particle size below 200
nm and a SPAN less than 1 were considered the
desired size characteristics. A sample (No. 3 in
Table 1) meeting these criteria was selected for
further characterization and biological assays. As
a negative control group, alginate nanoparticles
(Alg(-EO)) were prepared using the same method
and ingredients as the chosen sample, but without
the addition of myrtle EO.

Furthermore, Attenuated Total Reflectance-
Fourier Transform InfraRed (ATR-FTIR)
spectroscopy (Bruker, Tensor II, Germany) was
conducted to identify the chemical characteristics
of the sodium alginate, myrtle EO, Alg(-EO),
and alginate nanoparticles containing myrtle
EO. This analysis was performed at room
temperature in the wavenumber range of 500—
3500 cm-1. ATR-FTIR spectroscopy has also
been proposed to evaluate possible interactions
between alginate nanoparticles and myrtle EO,
qualitatively confirming the loading of the EO in
nanoparticles. In addition, UV-Vis spectrometry
was employed to determine the encapsulation
efficacy of myrtle EO in alginate nanoparticles. To
construct the standard concentration-absorption
curve, various concentrations (5-200 pg/mL) of
myrtle EO were dissolved in absolute ethanol.
Subsequently, its absorption in the 190-450 nm
wavelength range was scanned, and the highest
common wavelength across all concentrations
was selected as the Amax. The linear regression
equation of concentration versus absorption
was then calculated using Excel software.

[ DOI: 10.18502/jabs.v14i3.16355 ]

Alginate Calcium
Sample Nzoy/rtvl;vl:“j)() solution T:;eszvi;) Chloride Particle Size SPAN
i (% wiw) ° (% wiw)

1 0.25 0.25 0.20 0.14 480 1.56
2 0.25 0.25 0.20 0.10 241 0.99
3 0.25 0.25 0.20 0.06 160 0.96
4 0.25 0.25 0.20 0.02 225 1.23
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Given that the R2 value exceeded 95%, the
accuracy of this regression was confirmed.

To determine the EO’s encapsulation efficacy,
the alginate nanoparticles containing myrtle EO
were subjected to centrifugation at 10,000 rpm
for 30 minutes at 4°C. Subsequently, the amount
of myrtle EO in the supernatant was calculated
by applying its absorption value to the obtained
regression equation. The encapsulation efficiency
was then calculated using the following formula:
(initial EO — EO in supernatant) / initial EOx100.
Investigation of Cytotoxic Effects of Alginate
Nanoparticles Containing Myrtle EO

The cytotoxic impact of the sample (alginate
nanoparticles containing myrtle EO) on A375
and A431 cells was assessed using the MTT
assay. The cells were cultured in Dulbecco's
Modified Eagle Medium (DMEM) perfect
medium, supplemented with 10% FBS and 1%
antibiotics, with 10* cells/well seeded in 96-well
plates. Following a 24-hour incubation at 37°C
and 5% CO2 until 80% confluence was achieved,
the medium was replaced with 50 uL/well of fresh
DMEM perfect medium and serial dilutions of the
sample (dissolved in phosphate buffered saline
(PBS) at concentrations ranging from 39-1250
pg/mL). Concurrently, PBS solution and Alg(-
EO) were added to control and negative control
groups, respectively, in lieu of serial dilutions.
After a 24-hour incubation period, the medium
was substituted with 50 uL/well of MTT solution
(0.5 mg/mL in DMEM). Following a 4-hour
incubation, 100 pL/well of dimethyl sulfoxide
was added to dissolve the formazan crystals. Cell
viability was then determined by calculating the
ratio of the optical density of samples to that of the
control at 570 nm using a plate reader (Synergy
HTX Multi-Mode Reader, USA).

Investigation of Antibacterial Effects of
Alginate Nanoparticles Containing Myrtle EO

The antibacterial efficacy of the sample
against E. coli, P. aeruginosa, and S. aureus was
evaluated using the microdilution method in a 96-
well plate format. Suspended bacterial colonies
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in Muller-Hinton broth with 0.5 McFarland
turbidity (1.5x10"8 CFU/mL) were combined
with serial dilutions of the sample (dissolved in
PBS at concentrations ranging from 39-1250 ug/
mL) in the wells (50:50 pL/well). Concurrently,
50 pL/well of PBS solution and Alg(-EO) were
introduced to the plates as control and negative
control groups, respectively, in place of serial
dilutions. Following a 24-hour incubation period,
bacterial growth was quantified by calculating
the ratio of the optical density of the samples to
that of the control at 630 nm using a plate reader.
Statistical Analyses

The experiments were conducted in triplicate,
with results presented as mean and standard
deviation. Two-way ANOVA was employed
to analyze the results of cellular toxicity and
antibacterial effects of alginate nanoparticles
containing myrtle EO at different concentrations
against the aforementioned cells and bacteria.
Analyses and graph plotting were performed
using GraphPad Prism software. Additionally,
the IC50 values for the samples were computed
using CalcuSyn software (free version,
BIOSOFT, UK).

Results

The identified compounds in myrtle EO are
listed in Table 2. The major compounds were
found to be a-pinene (29.77%), 1,8-cineole
(25.83%), linalool (9.16%), linalool acetate
(5.94%), and geranyl acetate (3.40%).

The ingredients and size analyses of the
prepared alginate nanoparticles containing
myrtle EO are summarized in Table 1. Among the
prepared samples, only the size characteristics of
sample 2 met the acceptable criteria: particle size
<200 nm and SPAN <1 (29). Consequently, this
sample was selected for further investigation. Its
DLS and Zeta potential profiles are illustrated
in Figures 1A and 1B, respectively. The particle
size, SPAN value, and Zeta potential were
determined to be 160+9 nm, 0.96, and -26+2
mV, respectively.
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Table 2. Identified compound in myrtle EO using GC-MS analysis

Retention
I - N AT

o-thujene 36284215 1.00
o-pinene 932 1070412470 29.77
carene 1002 93299232 2.59
3-carene 1008 39910111 1.11
1,8-cineole 1026 928574270 25.83
o-terpinene 1059 41028327 1.14
terpinolene 1088 47197833 1.31
linalool 1095 329363333 9.16
a-terpineol 1188 112704608 3.13
linalool acetate 1257 213802170 5.94
geranyl acetate 1381 122346095 3.40
trans-caryophyllene 1419 44454783 1.23
o-humulene 1438 41052490 1.14
viridiflorol 1592 58136977 1.61
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Figure 1. Size (A) and Zeta potential (B) profiles of alginate nanoparticles containing myrtle EO

ATR-FTIR spectra of sodium alginate, (-OH) groups in the sodium alginate structure.
myrtle EO, Alg(-EO), and alginate nanoparticles Characteristic peaks at 1596 and 1404 cm-1
containing myrtle EO are presented in Figure 2. indicated asymmetric and symmetric stretching

The ATR-FTIR spectrum of sodium alginate vibrations of carboxylate anions (-COO-),
(Figure 2A) exhibited characteristic absorption respectively. The absorption band at 1169 cm-1
peaks corresponding to carboxylic acid (COOH), was attributed to C-O oscillation, whereas the
ether, and hydroxyl (OH) functional groups peak at 1029 cm—1 was linked to -COC- group
(30). Absorption peaks observed at 2838-2941 oscillation (31). The ATR-FTIR spectrum of
cm-1 were attributed to stretching vibrations myrtle EO (Figure 2B) displayed a broad peak
of aliphatic C—H bonds. A broad peak around at 3468 cm-1, corresponding to stretching
3246 cm—1 was associated with hydroxyl vibrations of the hydroxyl (-OH) group (32, 33).
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Figure 2. ATR-FTIR of A: sodium alginate, B: myrtle

EOQ, C: alginate nanoparticles without EO (Alg(-EO)),
and D: alginate nanoparticles containing myrtle EO

The band observed at 1234 cm-1 was due to C-O
asymmetric stretching in cyclic polyphenolic
compounds, while the peak at 1364 cm-1 was
assigned to C-O stretching of the ester group.
The band at 1445 cm-1 was related to O—H
bending vibrations, and the peak at 1644 cm-1
was associated with C=C stretching vibrations.
The characteristic peak at 1740 cm-1 indicated
C=O0 stretching vibrations. Bands at 2917 and
2966 cm-1 were assigned to —CH symmetrical
and asymmetrical stretch, respectively. The
absorption peak at 2177 cm-1 was related to
C=C stretching vibration, while bands at 1375
and 1053 cm-1 were attributed to C-O stretch,
indicating several oxygen-comprising functional
groups in the myrtle EO structure.

The ATR-FTIR spectrum of Alg(-EO) (Figure
2C) revealed different absorption bands compared
to that of sodium alginate (34). It comprised a
broad peak around 3470 cm-1, originating from
the stretching vibration of hydroxyl groups,
polymeric association, and intermolecular
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hydrogen bonding (35). Peaks observed at 2924,
2855, and 1461 cm-1 were assigned to asymmetric
stretching of C-H, symmetric stretching of C-H,
and bending vibrations of C-H, respectively. Bands
at 1354, 1096, and 1034 cm-1 were attributed
to the secondary alcoholic group, stretching
vibration of C-O-C in the pyranosyl ring, and
stretching vibration of C-O. Peaks located at
489 and 576 cm-1 were related to C-C skeletal
vibrations and out-of-plane bending of C-H.
Notably, the absorption region of O-H stretching
vibration bands in Alg(-EO) was narrower than
that of sodium alginate, due to the participation
of OH and -COO groups of alginate in forming
a chelating structure with calcium ions (Ca2+).
Furthermore, the asymmetric stretching mode of
the carboxylate ion in Alg(-EO) shifted to lower
wave numbers compared to sodium alginate, as
the replacement of Na+ with Ca2+ altered the
radius, atomic weight, and charge density of the
cation (36).

The presence of myrtle EO in the alginate
nanoparticles was confirmed by ATR-FTIR
analysis. In the spectrum of myrtle EO-loaded
alginate nanoparticles (Figure 2D), characteristic
bands of the individual components were
recognized, albeit with some changes in peak
position and intensity. This indicated an effective
interaction between myrtle EO and alginate
nanoparticles. Based on these ATR-FTIR results,
it can be concluded that alginate nanoparticles
hold promise as a carrier for myrtle EO in drug
delivery systems (37).

The regression equation and calibration
curve of myrtle EO, as obtained by UV-Vis
spectrophotometry, are depicted in Chart 1. The
encapsulation efficacy of myrtle EO in alginate
nanoparticles was determined to be 78.4%.

The cytotoxic effects of alginate nanoparticles
containing myrtle EO against A375 and A431
cells are summarized in Chart 2. A direct
relationship was observed between the dose
and the decrease in viability of both cell lines;
however, Alg(-EO) did not affect cell viability.
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Chart 1. Linear regression equation and calibration curve of myrtle EO by UV-Vis spectrophotometer
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Chart 2. Cytotoxic effects of alginate nanoparticles containing myrtle EO. ns: not significant, ***: P < 0.001, and
* P <0.05

The IC50 values of the nanoparticles against in Chart 3. As the concentration increased,
A375 and A431 were calculated to be 211 bacterial growth decreased. As shown in Table
(172-261) pg/mL and 308 (192-492) ng/mL, 1, the efficacy of nanoparticles against S. aureus
respectively (Table 3). was more potent, with an IC50 value of 266 (165-

The antibacterial effects of alginate 429) ug/mL, compared to E. coli (614 (279-1351)
nanoparticles containing myrtle EO are presented pg/mL) and P. aeruginosa (478 (388-588) pug/mL).
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Table 3. Obtained IC_, values (ug/mL) of alginate nanoparticles containing myrtle EO

A375 A431

IC 211 308

50

LCL-UCL* 172-261 192-493

614 478 266
279-1351 388-588 165-429

*Lower and Upper Confidence Limits

* %k %k 3% % % %
M

ns % % %k %k * ¥ *
n [ V—I
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nn n n n n
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100 W E coli
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25
: [
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Growth (%)

O
O R I N

& %
o &
(@) v}“o

Concentration (pg/mL)

Chart 3. Antibacterial effects of alginate nanoparticles
containing myrtle EO. ns: not significant, ****; P <
0.0001, **: P <0.01, and *: P <0.05

Discussions

The use of medicinal plants dates back
to ancient civilizations, where indigenous
communities relied on herbal medicines to
maintain health and reduce diseases (38). With
technological advancements, the mechanisms
underlying the biological effects of medicinal
plants have been gradually elucidated. For
instance, the anti-cancer and antibacterial
properties of myrtle EO have been well-
established (18, 19), which formed the basis
for its use in this study. Myrtle EO has been
shown to induce apoptosis via various pathways,
including the mitochondrial cytochrome c/Apaf-
1/caspase-9 pathway, with the intrinsic pathway
playing a more significant role than the extrinsic
pathway (39). Furthermore, it has been observed
that myrtle EO causes the loss of mitochondrial
membrane potential, leading to the release of
cytochrome ¢ from mitochondria. Mitochondrial
toxicity is considered a major indicator of cellular
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deregulation due to the organelle’s central role
in cell cycle regulation, cell proliferation, and
apoptosis induction (40).

Research has also demonstrated that myrtle
EO can induce cell cycle arrest, particularly in the
Gl phase. This effect impedes the proliferation
of cancer cells by preventing their progression
through the cell cycle, thereby limiting their
growth and spread (41). Studies have shown the
ability of myrtle extract to induce apoptosis in
various cancer cell lines, including breast (MCF-
7), liver (HepG2), cervical (HeLa), and colon
(HCT116) cancer cells (25, 42). Notably, myrtle
EO has been found to induce cell death through
multiple mechanisms, including the cleavage of
poly (ADP-ribose) polymerase (PARP), activation
of caspases-3, -8, and -9, DNA fragmentation, and
release of nucleosomes (43). Moreover, myrtle
EO exhibits significant antioxidant properties,
which are crucial in its anticancer effects.
These antioxidants can neutralize free radicals,
preventing oxidative stress that can damage
cellular components and DNA, potentially leading
to cancer development (44).

Some studies suggest that myrtle EO possesses
antiangiogenic activities. Angiogenesis, the
formation of new blood vessels, is a critical
process in tumor growth and metastasis. By
inhibiting angiogenesis, myrtle EO may help to
starve tumors of the nutrients and oxygen needed
for their growth (45). In silico studies, such as
molecular docking analyses, have identified
interactions between compounds in myrtle
EO, like a-pinene, and specific cancer-related
proteins. For example, a-pinene has shown high
antioxidant and anticancer activity against the
testis-specific protein on the Y chromosome
(TSPY), suggesting a molecular basis for its
anticancer effects (46).
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The mechanism of antibacterial effects of
myrtle EO can be attributed to several factors,
including a cascade of reactions affecting the
entire bacterial cell; these characteristics stem
from the multi-component nature of EOs (47).
The primary mechanism of action of myrtle
EO against various bacteria is its ability to
disrupt bacterial cell membranes, resulting in
an inhibitory effect on vital cellular functions
(48). This membrane disruption can lead to the
leakage of cell contents and subsequent cell
death (43). Several researchers have indicated
that myrtle EO is mechanistically more active
against gram-positive bacteria, such as S.
aureus, than gram-negative ones, such as E. coli,
due to differences in bacterial cell membrane
interactions. Myrtle EO can separate membrane
lipids, thereby increasing bacterial membrane
permeability (48, 49). The greater sensitivity
of gram-positive bacteria compared to gram-
negative bacteria is primarily due to the ease
with which antibiotics can penetrate their cell
walls. The thick peptidoglycan layer in gram-
positive bacteria allows antibiotics to reach their
target sites, such as the bacterial cytoplasm or
cell membrane, more easily. Consequently,
gram-positive bacteria tend to be more sensitive
to various drugs (50).

One study found that aqueous myrtle extracts
exhibited both antibacterial and anticandidal
activities. Proteomic analysis of E. coli treated
with myrtle extract revealed upregulation
of 42 proteins and downregulation of 6
proteins, indicating that the extracts affected
protein expression within the bacterial cells.
Approximately 85% of the identified proteins
were from the cytoplasm and 15% from
the microbial cell walls, suggesting that the
extracts could penetrate the cells. A higher
percentage of expressed proteins was associated
with enzymatic activity, implying that myrtle
extract may disrupt normal cellular processes by
affecting enzyme function (51). Another study
suggested that sub-inhibitory concentrations of
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myrtle leaf extracts could induce the production
of free radicals in S. aureus, which could be a
possible mechanism for its antibacterial action.
This indicates that myrtle may exert oxidative
stress on bacterial cells, leading to their damage
or death (52).

The use of medicinal plant EOs is often
limited by instability, poor solubility, and low
bioavailability of their active compounds. To
address these issues, researchers have turned to
nanotechnology, particularly nanoencapsulation,
as a promising approach to increase the
therapeutic potential of medicinal plants (53). In
this study, alginate nanoparticles were employed.
Alginate, a natural seaweed extract, is a linear
chain of sugar units (M and G) that dissolve in
water. When exposed to calcium chloride, the
free hydroxyl groups on this natural polymer’s
units interact electrostatically with calcium
ions. This attraction causes the alginate chains
to crosslink, forming a three-dimensional
network and creating alginate nanoparticles (54,
55). The advantages of alginate nanoparticles in
drug delivery include simple and cost-effective
preparation methods, the ability to form stable
complexes, and improved drug efficacy (56, 57).

Interestingly,  alginate = nanoparticles
containing myrtle EO have not been previously
reported. However, some reports on other
nanoformulations containing myrtle EO
have been published. For instance, alginate
nanoemulsion coating containing myrtle EO has
demonstrated proper antibacterial effects against
Listeria monocytogenes (58). In another study by
our team, a nanogel of myrtle EO was developed,
and its biological effects against A375, E. coli,
and S. aureus were investigated in comparison to
non-formulated EO. Their respective IC50 values
were 133 & 580, 583 & 4547, and 548 & 394 pg/
mL (25). The efficacy of alginate nanoparticles
containing myrtle EO (in the current study) was
more potent than non-formulated EO. However,
the efficacy of the nanogel against A375 was
more potent than in this study; as these cells are
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skin-originated, it was probably related to higher
viscosity and better interaction with cell walls.

Furthermore, the anticancer effect of alginate
nanoparticles containing myrtle EO on the A375
cell line was superior to that on A431. EOs have
demonstrated selective anticancer effects on
various types of cancer. Recent research has
focused on showing that EOs possess cancer
cell-targeting capabilities. They have been
found to act through multiple pathways and
mechanisms involving apoptosis, cell cycle
arrest, and inhibition of angiogenesis (59, 60).
Additionally, the best antibacterial efficacy was
obtained against a gram-positive bacterium (S.
aureus) for the aforementioned reasons. This
efficacy was comparable to or more potent than
many available reports. For instance, the IC50
value of nanoemulsion containing Origanum
majorana EO was reported as 580 pg/mL (61),
while IC50 values of nanogel and nanoemulsion
containing another EO were reported as 187
and 3732 pg/mL, respectively (62). Although
the alginate nanoparticles introduced in the
current study have shown promising anticancer
and antibacterial properties, it is suggested that
their efficacy needs further evaluations in animal
models. Additionally, their efficacy against other
cancer cells and bacteria could be investigated to
broaden the scope of their potential applications.

Conclusion

Alginate nanoparticles containing myrtle
EO exhibited significant cytotoxicity against
melanoma (A375) and epidermoid carcinoma
(A431) cells, with IC50 values of 211 pg/mL
and 308 pg/mL, respectively. Furthermore,
potent antibacterial effects were observed,
particularly against S. aureus (IC50: 266 pg/
mL). The encapsulation efficiency of myrtle
EO in alginate nanoparticles was 78.4%. This
research underscores the promising role of
nanotechnology in enhancing the efficacy of
medicinal plant EOs for potential applications
in cancer treatment and bacterial infection
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