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Abstract

Overview: Curcumin is known for its broad range of biological properties, particularly its anticancer effects.
However, its poor bioavailability limits its therapeutic potential at the tumor site. To overcome this limitation, this
study aimed to develop a nanoniosomal formulation of curcumin using polyethylene glycol to improve its delivery
and efficacy against ovarian cancer cells in vitro. Methods: Curcumin-loaded nanoniosomes were synthesized via
the reverse-phase evaporation method. The resulting nanoparticles were characterized for their particle size, zeta
potential, and drug release profile. Drug loading and encapsulation efficiency were also measured. For biological
evaluation, the human ovarian cancer cell line A2780S was treated with the nanoniosomal formulation, and
cytotoxicity was assessed using the MTT assay. Results: The prepared nanoniosomes had an average particle
size of 222.3 + 17.6 nm and a zeta potential of —28.4 + 1.1 mV, indicating good colloidal stability. Drug loading
and encapsulation efficiency were found to be 50.8 + 7.3% and 24.3 + 1.3%, respectively. The in vitro release
study revealed a sustained release profile, with 50.1 + 5.9% of curcumin released over 34 hours. MTT assay
results demonstrated that the nanoniosomal curcumin exhibited significantly higher cytotoxicity compared to
free curcumin against A2780S cells. Conclusion: The findings suggest that curcumin-loaded nanoniosomes
represent an effective drug delivery system that enhances the bioavailability and anticancer activity of curcumin.
This nanocarrier system shows promise as a chemopreventive strategy for the treatment of ovarian cancer and
warrants further preclinical evaluation.
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Introduction

There are various chronic diseases for which humanity
has always sought different treatment solutions to alleviate
pain and suffering. In this regard, numerous studies have
been conducted in all fields including dentistry, diabetes,
and other areas of biology in an effort to improve human
life [1-13]. Technological advancements are driving
innovations across nanomaterials, Al, blockchain, and
healthcare. For example, research on anisotropic elasticity

and topological properties is advancing spintronic
devices for efficient nanoscale computing [14], while
nanoparticle formulations enhance targeted drug delivery
and cytotoxicity [15, 16]. In healthcare, Al plays a
key role in diagnosis, treatment, and patient care [17],
including hybrid machine learning for kidney transplant
outcomes [18] and Al criteria ranking for health tourism
[19]. Blockchain improves traceability, as in food supply
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chains for waste reduction [20] and Al-integrated models
for healthcare logistics [21]. However, digitalization’s
downsides, such as game addiction’s mental health
impacts [22], highlight the need for balanced approaches,
alongside case studies like leukemia transformations
aiding diagnostic precision [23]. For instance, the
application of ozone therapy in dentistry has shown
promising results in healing and pain management, as
demonstrated by systematic reviews of clinical trials
[24]. Similarly, breakthroughs in brain tumor detection
have leveraged deep learning and transfer learning for
precise MRI-based classification [25], while advanced
U-Net architectures with CNN backbones have improved
automated lung cancer detection and segmentation in chest
CT images [26]. Such progress underscores the potential
for integrating cutting-edge computational tools with
clinical practice to address complex health challenges
effectively. Cancer is one of the leading causes of death
worldwide, and conventional treatments such as surgery,
radiotherapy, and chemotherapy often face limitations
such as high toxicity and lack of selectivity [27-40].
Recent research has explored innovative approaches to
address the limitations of conventional cancer treatments,
focusing on improving survival rates, reducing side
effects, and enhancing patient outcomes. For instance,
studies have investigated the influence of biological
factors such as ABO blood group on postoperative
outcomes in hepatocellular carcinoma, demonstrating
potential correlations with survival and recurrence rates
[41]. Additionally, the use of metformin in diabetic
patients undergoing gastrectomy for gastric cancer has
shown promising effects on survival and recurrence,
suggesting a repurposing of existing medications to
improve oncological outcomes [42]. Furthermore,
nutritional deficiencies, such as vitamin B12 deficiency
following total gastrectomy, have been systematically
analyzed to understand their prevalence and associated
symptoms, highlighting the importance of postoperative
care in gastric cancer patients [43]. In the realm of
diagnostic imaging, techniques like the use of lead aprons
during computed tomography (CT) scans of the head
have been studied to reduce breast surface dose, thereby
lowering cancer and mortality risks, particularly for female
patients [44]. Moreover, advancements in palliative care
for metastatic cancers, such as the use of 153Sm-EDTMP
for bone pain relief in breast and prostate cancer patients,
have shown efficacy in improving quality of life [45].
Beyond cancer, the management of osteoarthritis is also
critical, with studies examining the association of tramadol
versus codeine prescriptions with all-cause mortality and
cardiovascular risks, emphasizing the need for careful
consideration of pain management strategies in chronic
diseases [46]. Additionally, the potential of pristine
and Al-doped boron nitride nanotubes as drug delivery
vehicles for Levodopa, an anti-neurodegenerative drug,
has been investigated using a DFT approach, aiming
to enhance targeted delivery and minimize off-target
effects [47]. Furthermore, the role of microRNAs in
the epigenetic regulation of hepatocellular carcinoma
progression has been highlighted, emphasizing their
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potential as therapeutic, diagnostic, and prognostic factors
to improve patient outcomes and reduce treatment-related
toxicities [29]. These findings underscore the multifaceted
approaches being developed to enhance the management
of both cancer and other significant conditions like
osteoarthritis, from surgical outcomes to supportive care
and risk reduction strategies. Ovarian cancer remains one
of the most fatal forms of gynecologic cancer globally,
largely due to challenges such as delayed diagnosis,
frequent tumor recurrence, and the emergence of
resistance to chemotherapy [48-51]. Although standard
chemotherapeutic agents like paclitaxel and cisplatin are
commonly used in clinical practice, their lack of specificity
and associated systemic toxicity often limit their overall
therapeutic effectiveness [52, 53]. As a result, natural
compounds with anticancer activity such as curcumin,
a polyphenol derived from the rhizome of Curcuma
longa have gained significant interest in recent years [54].
Curcumin exhibits a wide range of biological functions,
including anti-inflammatory, antioxidant, and anticancer
effects [54-55]. Its antineoplastic mechanisms involve
the regulation of various molecular pathways, including
the promotion of apoptosis, inhibition of cell growth,
and prevention of angiogenesis and metastasis [50, 56].
Nonetheless, curcumin’s clinical potential is significantly
hampered by its poor solubility in water, limited absorption
in the gastrointestinal tract, and rapid systemic clearance
[57]. These drawbacks highlight the need for a suitable
delivery system that can improve its bioavailability and
direct it more effectively to tumor sites [58, 59]. Targeted
drug delivery systems aim to transport therapeutic agents
directly to diseased tissues, minimizing side effects and
enhancing treatment efficacy [60-62]. Nanocarrier-based
drug delivery systems such as liposomes, polymeric
nanoparticles, and niosomes have emerged as promising
tools to overcome these limitations [63-68]. Additionally,
nanotechnology-based approaches, such as the use of
5-aminolevulinic acid (5-ALA) conjugated hollow gold
nanoparticles (HGNs), have been explored to enhance
radio and photosensitivity in oesophageal cancer cell
lines, offering potential for more targeted and effective
therapies [69]. Among them, niosomes, which are vesicles
composed of non-ionic surfactants, offer advantages such
as biocompatibility, structural stability, and the ability to
encapsulate both hydrophilic and hydrophobic agents
[70]. Additionally, PEGylation of the niosome surface
can prolong circulation time and reduce clearance by the
reticuloendothelial system, enhancing drug accumulation
in tumor tissues [71].

This study focuses on the development and
evaluation of PEGylated curcumin-loaded nanoniosomes.
The formulation was characterized for its physicochemical
properties and assessed for in vitro cytotoxicity against
A2780S ovarian cancer cells, with the aim of exploring
its potential as a chemopreventive approach in ovarian
cancer treatment.
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Materials and Methods

Span 40, cholesterol, polyethylene glycol 2000,
and curcumin were procured from Sigma Company
(Germany), while the A2780S cell lines were obtained
from the Pasteur Institute’s cell bank in Iran.
Formulation of Drug-Encapsulated Nanoparticles

To prepare nanoparticles loaded with the drug,
approximately 12 mg of Span 40, 9 mg of PEG, 40 mg of
cholesterol, and 18 mg of curcumin were dissolved in 50
ml of chloroform and stirred at 140 rpm for 2.5 hours until
completely dissolved. The solvent was then evaporated
using a rotary evaporator at 65°C and 160 rpm. Next, 20
mg of polyethylene glycol 2000 was dissolved in 30 ml
of phosphate-buffered saline (PBS, pH 7.2). The gel layer
that formed at the bottom of the round-bottom flask was
subsequently dissolved in the buffer by stirring at 240
rpm for 1.5 hours until fully dispersed. The resulting
suspension was sonicated at 60 Hz at room temperature
for 7 minutes to achieve uniform vesicle formation.
Blank nanoparticles were prepared following the same
procedure, excluding the addition of curcumin.

Size and Zeta Potential Analysis of Nanoparticles

The dimensions and zeta potential of the nanoparticles
were evaluated using a Zetasizer instrument (Nano
753600, Malvern Instruments, UK). For this purpose,
1 mg of the nanoparticle formulation was dissolved in
100 ml of phosphate-buffered saline (PBS). Following
measurement of its absorbance at 633 nm, the zeta
potential and average diameter of the nanoniosomes were
determined with the Zetasizer instrument.

Encapsulation Efficiency Determination

The quantity of drug encapsulated within the
nanoniosomes was measured as follows: The nanoniosome
suspension was centrifuged at 21,000 rpm for 30 minutes at
4°C, and the supernatant was collected. The absorbance of
each drug formulation was then measured at a wavelength
0f 290 nm. The encapsulation efficiency and drug loading
were calculated using the following formulas.

mg mg
Initial drug concentration —1 - supematant drug concentration | —
ml

Drug lation efficiency (%) = =100
Initial drug concentration (E)
ml

mg
The amount of drug into nanoparﬁcle[—g)
Drug loading efficiency (%)= M %100

Weight ofnmopamcm[ﬂ)
ml

Cellular Cytotoxicity Assessment

To evaluate the cytotoxic effects of the curcumin-
loaded niosome formulation, a 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) assay was
conducted, comparing its impact with that of the free
drug and blank controls. For this study, the A2780S cell
line was cultivated in a humidified environment with 5%
CO, using RPMI-1640 medium enriched with 10% Fetal
Bovine Serum (FBS), 100 pg/ml streptomycin, and 100
U/ml penicillin. Briefly, 100 pl of a suspension containing
12,000 cells was added to each well of a 96-well plate and
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incubated at 37°C with 5% CO,. The cells were exposed
to identical concentrations of the nanoniosomal curcumin
formulation, control, and standard curcumin drug. After
24 hours, the cell supernatant was discarded, and 100
pl of RPMI 1640 medium was replenished. Following
an additional 48 hours of incubation, the medium with
the drug formulation was removed, and MTT solution
(0.5 mg/ml in PBS) was introduced into each well,
followed by incubation at 37°C for | hour. The resulting
formazan crystals were dissolved in 100 pl of 100%
isopropanol, and the absorbance was measured at 570 nm
using an ELISA reader (Bio Tek Instruments, VT, U.S.A).
This procedure was repeated three times, and cell viability
was determined using the appropriate formula.

Abs sample 100
S Control

% Cell Viability =

Curcumin Release Assessment

The release profile of curcumin was evaluated using
a dynamic membrane diffusion method. A niosomal
suspension containing 6 mg of curcumin was placed into
a dialysis bag with a molecular weight cut-off of 10,000
Da. The dialysis bag was then immersed in a container
with 24 mL of phosphate buffer (pH 7.2) and maintained
at 25°C with magnetic stirring at 120 rpm for 34 hours.
At designated time points (2, 5, 8, 11, 17, 27, and 34
hours), 1 mL samples were withdrawn and replaced with
an equivalent volume of fresh PBS. The absorbance of each
sample was measured at 290 nm, and the concentration of
released curcumin was calculated using a standard curve.

Statistical Evaluation

Statistical analysis was performed using SPSS
software version 11, with a P-value less than 0.05 deemed
statistically significant.

Results

Nanoparticle Characterization

In this research, we effectively created a curcumin-
encapsulated niosome nanoparticle formulation through
the reverse-phase evaporation technique. The particle
size and zeta potential of the drug-loaded nanoparticles
were measured at 222.3 £ 17.6 nm and -28.4 = 1.1 mV,
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Figure 1. The Cytotoxicity Nanoniosome Curcumin,
Curcumin Freed and Control Over Cell Lines from
Human Ovarian Cancer A2780S
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Figure 2. The Release of Nanoparticles Curcumin
Niosomal

respectively, suggesting good colloidal stability.

Drug Loading and Encapsulation Efficiency

The outcomes for encapsulation and loading efficiency
were recorded as 50.8 £ 7.3% and 24.3 £ 1.3%,
respectively. This indicates that approximately 50% of the
administered drug was incorporated into the nanoparticles,
with curcumin comprising 24.3% of the nanodrug’s total
weight.

Cytotoxicity Assay and Cell Viability

As depicted in Figure 1, a significant reduction in
cell viability was observed in a dose-dependent fashion
following the exposure of ovarian cell lines to both the
free drug and its nanoniosomal formulation, as determined
by the MTT assay. Additionally, the IC, value of the
nanodrug was lower than that of the free drug in the
A2780S cell lines, indicating that niosomal nanoparticles
improved the effectiveness of anticancer-drug compared
to the free drug.

Drug Release Profile

The drug release findings indicated a sustained release
behavior, with 50.1 £ 5.9% of the niosomes released after
34 hours. According to Figure 2, the drug release from
the formulation occurs in an increasing manner; however,
the rate of release slows down over time.

Discussion

Advancements in technology have significantly
transformed medical and scientific fields, enhancing
precision and efficacy in various applications. Innovations
such as pH-responsive microneedle arrays enable
precise drug delivery for wound healing, while novel
intrusion detection systems improve security in mobile
social networks. Additionally, visible-light-responsive
nanocomposites have shown promise in photocatalytic
antibiotic degradation, offering sustainable solutions for
environmental and health challenges. These developments
highlight the potential of cutting-edge technologies to
address complex issues across healthcare, cybersecurity, and
environmental sustainability [72-79]. The development of
a curcumin-loaded niosome nanoparticle formulation via
the reverse-phase evaporation method has proven to be a
promising approach to overcome the inherent limitation
of curcumin’s poor bioavailability, which has historically
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restricted its therapeutic efficacy against ovarian cancer
[80]. The characterization results, revealing an average
particle size of 222.3 + 17.6 nm and a zeta potential of
-28.4 + 1.1 mV, suggest that the nanoniosomes exhibit
favorable colloidal stability, a critical factor for effective
drug delivery systems [81]. This stability is likely
enhanced by the incorporation of polyethylene glycol
2000, which may contribute to prolonged circulation
time and reduced clearance by the reticuloendothelial
system [82]. The encapsulation and loading efficiencies,
measured at 50.8 + 7.3% and 24.3 + 1.3% respectively,
indicate that approximately half of the administered
curcumin was successfully incorporated into the
nanoparticles, with curcumin constituting a significant
portion of the nanodrug’s weight [70]. This efficient
encapsulation underscores the potential of the niosomal
system to serve as an effective carrier, potentially
improving the drug’s solubility and stability at the
tumor site [83]. The sustained release profile, with 50.1
+ 5.9% of curcumin released over 34 hours, highlights
the controlled release capability of the nanoniosomes.
As shown in Figure 2, the gradual increase in drug release
followed by a slower rate over time suggests a mechanism
that could maintain therapeutic concentrations over
an extended period, thereby enhancing efficacy while
minimizing systemic toxicity. This controlled release
is a key advantage over free curcumin, which is rapidly
metabolized and excreted [80, 84]. The cytotoxicity
assay results, as illustrated in Figure 1, demonstrate a
significant dose-dependent decrease in cell viability of
the A2780S ovarian cancer cell line when treated with
the nanoniosomal curcumin formulation compared to the
free drug. The lower IC, value of the nanodrug further
confirms its enhanced potency, likely due to improved
cellular uptake and sustained exposure facilitated by the
liposomal structure. This enhanced efficacy suggests that
the nanoniosomal delivery system amplifies the anticancer
properties of curcumin, making it a more viable option
for ovarian cancer treatment.

Overall, these findings support the hypothesis that
curcumin-loaded nanoniosomes represent an effective
drug delivery platform, improving bioavailability and
anticancer activity. The combination of stable nanoparticle
characteristics, efficient drug loading, sustained release,
and increased cytotoxicity positions this formulation as
a potential chemopreventive strategy for ovarian cancer.
However, further preclinical studies are necessary to
validate these results in vivo and explore the formulation’s
safety and scalability for clinical application [85].

Future Study

Technological advancements have dramatically
transformed biology, revolutionizing research and
applications [86-89]. For instance, biomimetic
nanomaterials mimic natural tissue properties to enhance
healing in regenerative oral medicine [90]. Similarly, silver
nanoparticles leverage their antimicrobial properties to
improve oral health outcomes in preventive dentistry [91].
Novel bioactive materials designed for dental regeneration
highlight nanotechnology’s potential to repair and restore
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dental tissues [92]. Advances in bioactive nanomaterials
have also opened new avenues for oral cancer biosensing,
offering highly sensitive diagnostic tools [93]. Aluminum
nanoparticles demonstrate versatility in sustainable
medical applications, such as drug delivery systems [94].
Additionally, gold nanoparticles have emerged as powerful
biosensors in oral medicine and dentistry, enhancing
diagnostic precision through their unique optical and
chemical properties [95]. These innovations underscore
nanotechnology’s transformative impact on biological and
medical applications.
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