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Abstract

Background: Oral squamous cell carcinoma remains challenging to treat effectively with conventional
chemotherapy, leading researchers to explore synergistic combinations to enhance therapeutic outcomes.
Combining curcumin with platinum-based drugs, such as cisplatin and carboplatin, has demonstrated potential in
enhancing cytotoxic effects. However, limited studies have explored these combinations’ efficacy and sustained
release profile in liposomal form specifically for oral cancer. This study investigates the enhanced cytotoxic
effects of cisplatin-curcumin and carboplatin-curcumin nanoliposome formulations on CAL 27 oral cancer cells.
Methods and Materials: Nanoliposomes encapsulating cisplatin or carboplatin with curcumin were formulated
and characterized by particle size, zeta potential, and polydispersity index (PDI) to ensure optimized delivery
properties. Particle sizes of the cisplatin and carboplatin nanoliposomes ranged from 175 to 187 nm, with a zeta
potential greater than -30 mV, indicating good stability, and PDI values less than 0.48, suggesting uniform particle
size distribution. In vitro cytotoxicity was assessed using the MTT assay at 24, 48, and 96 hours across different
curcumin concentrations. Results: Cisplatin-curcumin and carboplatin-curcumin nanoliposome formulations
demonstrated significantly increased cytotoxicity in CAL 27 cells compared to control groups. Drug release
studies indicated a sustained release profile, with approximately 22% of cisplatin and 28% of carboplatin released
over 52 hours, which may prolong therapeutic effects by maintaining drug availability within the cancer cells.
Conclusion: The findings suggest that cisplatin-curcumin and carboplatin-curcumin nanoliposomal formulations
enhance the cytotoxic effects of these chemotherapeutic agents while providing a stable, sustained release profile.
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Introduction

Oral cancer, especially oral squamous cell carcinoma
(OSCC), is one of the most prevalent cancers worldwide,
with high morbidity and mortality rates [1]. Despite
advancements in treatments like surgery, radiation, and
chemotherapy, the prognosis for patients with advanced
oral cancer remains poor, with frequent recurrences
and notable side effects from standard therapies [2-3].
Developing more efficient and less toxic treatments is
essential for enhancing patient outcomes. Chemotherapy

drugs, such as cisplatin and carboplatin, are commonly
used in oral cancer therapy due to their ability to cause
DNA damage and trigger cancer cell death. However,
their effectiveness is frequently restricted by systemic
toxicity and undesirable side effects, including kidney
damage, hearing loss, and bone marrow suppression
[4-7]. To overcome these challenges, novel drug
delivery systems such as liposomal formulations have
gained considerable interest in recent years. Liposomes,
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spherical vesicles composed of a lipid bilayer, can
encapsulate both hydrophilic and hydrophobic drugs,
improving their solubility, stability, and bioavailability
[8-9]. Liposomal drug delivery systems can potentially
enhance the therapeutic index of chemotherapy drugs
by boosting drug concentration in tumor tissues via the
enhanced permeability and retention (EPR) effect, while
minimizing systemic toxicity [10-11]. Significantly,
liposomal formulations of cisplatin and carboplatin have
demonstrated promising outcomes in preclinical studies
for treating various cancers, including oral cancer [12].
Curcumin, a natural polyphenol derived from the rhizome
of Curcuma longa (turmeric), has gained significant
attention for its wide range of pharmacological benefits,
such as anti-inflammatory, antioxidant, and anticancer
activities [13]. It demonstrates its anticancer properties
through multiple mechanisms, including the inhibition
of cancer cell growth, the induction of apoptosis, and
the suppression of angiogenesis and metastasis [14].
Interestingly, curcumin has been found to boost the
cytotoxic effects of chemotherapy drugs like cisplatin
and carboplatin in various cancer cell lines by modulating
critical signaling pathways, including NF-kB, PI3K/
Akt, and MAPK [15-16]. Nevertheless, its clinical
application has been limited due to poor bioavailability
and fast metabolism [17]. Recent research has focused
on integrating curcumin into liposomal formulations
of chemotherapy drugs to overcome these challenges.
Encapsulating curcumin in liposomes can enhance
its bioavailability, improve stability, and allow for
controlled release, ultimately boosting its therapeutic
effectiveness [18]. Moreover, the combination of
curcumin with liposomal formulations of cisplatin and
carboplatin holds the potential to synergistically enhance
the cytotoxic impact on cancer cells, providing a more
effective treatment approach with reduced side effects
[19-20]. In oral cancer treatment, the combination
of platinum drugs with curcumin-loaded liposomes
presents a promising strategy to enhance chemotherapy’s
cytotoxicity while minimizing harm to healthy tissues.
Studies suggest that curcumin can increase oral cancer
cells’ sensitivity to platinum-based drugs by reducing the
expression of drug resistance proteins and promoting the
intracellular accumulation of these platinum compounds
[21-22]. Additionally, curcumin has been demonstrated
to inhibit the growth of HSC-3 oral cancer cells,
a recognized OSCC cell line, and induce apoptosis by
activating caspases and modulating the balance between
pro-apoptotic and anti-apoptotic proteins [23]. Liposomal
formulations of anticancer drugs have demonstrated more
efficient delivery to oral cancer cells, leading to enhanced
cytotoxic effects and reduced systemic toxicity compared
to free drug formulations [24-25]. When combined
with curcumin, these liposomal formulations can boost
antitumor activity by targeting multiple cancer pathways
simultaneously, increasing drug retention within the
tumor, and reducing chemotherapy resistance. This
combination therapy holds significant promise for cancer
treatment and warrants further investigation in preclinical
and clinical studies [21, 26-29]. Recent studies indicate
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that curcumin-loaded liposomes can effectively enhance
the cytotoxicity of chemotherapeutic agents in cancer
cells. For example, one study demonstrated that curcumin-
loaded nanoparticles (Cur-NPs) induce apoptosis in
cisplatin-resistant oral cancer cells by suppressing
MDRI1 protein expression and increasing reactive oxygen
species, leading to enhanced cytotoxicity and cell death
[22]. Another study used liposomal co-encapsulation of
curcumin with paclitaxel, showing that curcumin enhanced
the efficacy of paclitaxel by targeting NF-kB pathways,
which resulted in increased cytotoxicity against cancer
cells [30]. Additionally, research with curcumin-loaded
lipid nanocapsules revealed a significant increase in
cytotoxicity in glioma cells compared to free curcumin,
indicating enhanced bioavailability and therapeutic
potential through encapsulation [31]. Moreover, the
use of liposomal curcumin with cisplatin also showed
increased apoptosis and cell death in breast cancer
models, suggesting potential efficacy in similar tumor
environments [32].

Materials and Methods

Experimental design

This study evaluates the cytotoxic effects of
nanoliposomal formulations containing cisplatin-
curcumin and carboplatin-curcumin on CAL 27 oral
cancer cells. To provide a comprehensive assessment,
control experiments will include non-encapsulated
cisplatin, carboplatin, and curcumin alone, enabling a
comparative analysis of the relative efficacy of liposomal
formulations. Key parameters, including particle size,
zeta potential, polydispersity index (PDI), and drug
release profiles, will be assessed to gauge the potential
of these formulations in enhancing the cytotoxicity of
chemotherapeutic agents. The findings aim to contribute
valuable insights into the use of liposomal drug delivery
systems in combination with curcumin for more effective
and targeted oral cancer therapies.

Carboplatin and cisplatin were sourced from Kunming
Precious Metal Institute (Kunming, Yunnan, China).
Cholesterol and polyethylene glycol 3350 were obtained
from Sigma-Aldrich Co. (UK) and Kimyagaran Emrooz
Chemical Ind. Co. (Iran), respectively. Lecithin was
purchased from Acros Co. (Belgium), while RPMI 1640
cell culture medium came from Gibco Co. (Germany).
The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) was supplied by Sigma-Aldrich (USA).
The CAL 27 cell line was provided by the Pasteur Institute
of Iran’s cell bank. All materials used were of analytical
grade, and distilled water was utilized throughout the
study.

Nanoliposomal Drug Preparation

Liposomal nanoparticles were prepared using the
reverse phase evaporation method. In brief, lecithin,
cholesterol, PEG 3350, and carboplatin were dissolved
in a 1:2 methanol: ethanol mixture at molar ratios of 14,
8, 2, and 2, respectively. The solvent was then removed
under vacuum using a rotary evaporator (120 rpm, 45°C),
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forming a thin film in the round-bottom flask. Phosphate-
buffered saline (PBS) was added to the film to form drug-
loaded liposomal nanoparticles. The final concentrations
of lecithin, cholesterol, PEG 3350, and carboplatin were
17, 12, 2.2, and 2.1 mM, respectively. The nanoparticle
suspension was then sonicated for five minutes using
a bath sonicator (50 W, Bandelin Sonopuls HD 2070,
Bandelin Elec., Germany). The nanoliposome formulation
of cisplatin was prepared following the same method,
substituting cisplatin for carboplatin. Blank nanoparticles
were prepared using the same method, except the drug
was omitted.

Nanoparticle Characterization

The liposomal formulations’ particle size, zeta potential,
and polydispersity index (PDI) were determined at room
temperature using a Zeta PALS analyzer (Brookhaven
Instruments Corporation, Austin, TX), with each
parameter measured three times. The levels of cisplatin
and carboplatin in these formulations were quantified
using an atomic absorption spectrometer and an F-2500
fluorescence spectrophotometer (Hitachi, Japan),
respectively. For assessing encapsulation efficiency, the
formulations underwent several centrifugation cycles at
4°C and 14,000 RPM for 30 minutes, and the supernatant
was discarded after each cycle. The encapsulation
efficiency was then calculated by subtracting the amount of
free cisplatin and carboplatin from the total drug content,
using the formula:

EE% = [(Total Anti-Cancer Drugs - Free Anti-Cancer
Drugs) / Total Anti-Cancer Drugs] x 100.

In vitro Drug Release Study

The effect of the carrier on drug release was evaluated
in a drug discharge study using the membrane diffusion
method in phosphate-buffered saline (PBS). For this
experiment, 2 ml of each drug formulation, containing
0.10 mg of the drug, along with control samples and
the free drug, were sealed in dialysis bags (cellulose
membrane, 12 kDa cutoff) and placed in 120 ml of
PBS at pH 7.2 and pH 5.2. The setup was maintained at
atemperature of 37 °C and stirred continuously at 120 rpm
using a magnetic stirrer. At specific time points, aliquots
were taken from the buffer chamber and replaced with
fresh PBS. Before analysis, these samples were filtered
through a 0.45 um syringe filter. The drug concentration in
each aliquot was determined by high-performance liquid
chromatography (HPLC), and the drug release profiles
were compared to controls using a standard curve.

Investigation of cytotoxicity

In this study, the CAL 27 cell line was cultured in a
humidified atmosphere with 5% CO-, using RPMI-1640
medium supplemented with 10% FBS and penicillin/
streptomycin (0.1 and 0.06 mg/ml, respectively) at a
density of 1 x 10*cells per well in 96-well plates. After 24
hours, the culture medium was replaced with a mixture of
stock solutions containing varying concentrations of
curcumin (2, 4, and 8 mM, 98% purity) in DMSO, along
with fixed amounts of cisplatin and carboplatin (16 pM
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each) and nano-cisplatin and nano-carboplatin (16 pM
each) with curcumin (2, 4, and 8 mM). After 24, 48, and
72 hours, the mixture was removed, and 20 pl of MTT
solution (0.5 mg/ml in PBS) was added to each well for a
3-hour incubation. Formazan crystals were then dissolved
in 100% isopropanol for 10 minutes, and absorbance was
measured at 540 nm using an ELISA reader (Organon
Teknika, Netherlands). Cell viability was calculated using
a specified formula, and the IC, value was determined
with the Pharm program.

Statistical Analysis

The results were processed using SPSS software
version 18. Data are presented as Mean + SD from three
separate experiments. Group comparisons were performed
using the t-test, with the significance threshold set at 0.05.

Results

Nanoparticles characterization

The particle size of the Cisplatin nanoliposome was
175.4+14.4 nm, with a zeta potential of -30+2.7 mV
and a PDI of 0.33+0.4. The Carboplatin nanoliposome
had a particle size of 187.7 £11.1 nm, a zeta potential of
-32.2+ 3.7 mV, and a PDI of 0.48+0.9. Additionally, the
encapsulation efficiency of cisplatin and carboplatin was
estimated to be 84.5+3.5% and 76.5 + 1.4%, respectively,
indicating that approximately 10% more cisplatin was
encapsulated in the nanoliposomes than carboplatin.

Drug release study

The release of cisplatin and carboplatin from the
nanoparticle formulations in phosphate-buffered saline
(PBS) at pH 7.2 and pH 5.2 was assessed using the
membrane diffusion method. Both formulations exhibited
a consistent release pattern, without any initial burst.
After 52 hours of dialysis in PBS at different pH levels,
the release of cisplatin and carboplatin from the liposome
was about 22% and 28 % at pH 7.2, while the release of
cisplatin and carboplatin from the liposome was around
44% and 57% at pH 5.2 (Figure 1). This data highlights
a significant variation in the release behavior of cisplatin
and carboplatin from nanoliposomes at pH 5.2, while the
differences at pH 7.2 were minimal.

Time (hours)

Figure 1. Cumulative Release Profile of Cisplatin
and Carboplatin from Nanoliposomes in Different
pH Environments. The findings are reported as mean
+ standard deviation (SD) with a sample size of three
(n=3).

Asian Pacific Journal of Cancer Biology* Vol 9+ Issue 4 581



apjcb.waocp.com

Nastaran Saeidi, et al: Enhancing the Cytotoxic Effects of Carboplatin and Cisplatin on Liposomes in Oral Cancer

100

80

3

;
\_*
) \_—
E—
-

o

4B h
- T2n

e
& & & *
& S Uf"é
x & K & o
& & & &
F \_(5‘\0 &
5
o S 5
o e

Figure 2. Cell Viability was Assessed by MTT Assay in Various Incubation Times at 24, 48 and 72h.The findings are
reported as mean + standard deviation (SD) with a sample size of three (n = 3).

Investigation of cytotoxicity

Analyzing Figure. 2 which shows cell viability for
various treatments over 24, 48, and 72 hours provides
several key insights into the cytotoxic effects of curcumin,
cisplatin, and carboplatin, both alone (control experiments)
and in combination (liposomal formulations). Firstly, the
data indicates a clear dose-response relationship, where
higher doses of curcumin consistently reduce cell viability
more effectively across all time points, illustrating its
dose-dependent cytotoxic nature. The platinum-based
drugs, cisplatin and carboplatin, also show significant
cytotoxicity at a single concentration (16 pM), with
cisplatin appearing slightly more potent. Moreover,
the combinations of curcumin with nano-cisplatin or
nano-carboplatin enhance the cytotoxic effects beyond
those observed with any single agent, suggesting
potential synergistic interactions that could be leveraged
for therapeutic benefit. This is particularly notable in
treatments such as Curcumin (4 mM) combined with
nano-cisplatin and nano-carboplatin, which significantly
lowers cell viability compared to either agent alone.
The comparison of the § mM curcumin combination
with nano-carboplatin and nano-cisplatin demonstrated
antagonistic effects (P<0.05). The chart also highlights the
time-dependent effects of these treatments, as reductions
in cell viability become more pronounced over time. This
progression is critical for understanding the sustained
impact of these compounds on cell survival. Additionally,
the presence of error bars indicates variability in the
data, suggesting the results, while consistent, should
be interpreted with an understanding of the underlying
experimental variability.

Discussion

Chemotherapy remains a cornerstone in cancer
treatment, but it faces significant challenges like limited
tumor specificity and multidrug resistance (MDR).
Utilizing nanotechnology for targeted drug delivery
presents a novel strategy to address these issues. Niosome
nanoparticles are a promising drug delivery platform
because they can serve as drug reservoirs and regulate

drug release by altering their composition [33]. Numerous
studies have explored different niosome formulations
containing chemotherapeutic agents [34-35]. For instance,
Rajput et al. [34] developed a pH-sensitive multilamellar
gold niosome that encapsulated both Akt-siRNA and
thymoquinone. They tested its effectiveness on tamoxifen-
resistant MCF7 breast cancer cells with high Akt
expression. The results demonstrated that this formulation
successfully knocked down Akt, thereby increasing the
cells’ sensitivity to thymoquinone. In another study,
N-lauryl glucosamine (NLG) was used as a targeting
ligand for doxorubicin loaded niosomal nanoparticles.
The size of particles and entrapment efficiency were
calculated 150 nm and 90%, respectively [35].
The combination of curcumin with cisplatin and
carboplatin has shown significant synergistic effects in
treating various types of cancer. Several studies have
demonstrated that this combination can enhance the
efficacy of chemotherapy and reduce the side effects
associated with these drugs. In non-small cell lung cancer
(NSCLC), combining curcumin with carboplatin exhibited
synergistic anti-cancer effects. This combination
effectively inhibited tumor cell proliferation, invasion,
and migration. Additionally, pro-apoptotic genes such as
caspase-3 and caspase-9 were upregulated, while the
anti-apoptotic gene Bcl-2 was downregulated, leading to
increased cancer cell apoptosis [20]. In colorectal cancer,
curcumin significantly increased the chemosensitivity of
cancer cells to cisplatin and carboplatin. The combination
resulted in enhanced cell death through mechanisms such
as apoptosis and cell cycle arrest, and also reduced the
expression of NF-kB, which is linked to drug resistance
[36]. In hepatocellular carcinoma (liver cancer), curcumin
combined with cisplatin showed synergistic anti-tumor
activity. This was attributed to the suppression of NF-xB
activity and changes in the expression of genes related to
cell survival and apoptosis [37]. Recent studies indicate
that combining curcumin with platinum-based drugs can
significantly enhance the cytotoxic efficacy of these drugs
against chemotherapy-resistant cancer cells. For instance,
in one study, the use of polymeric micelles containing
both curcumin and platinum drugs in drug-resistant cells
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markedly increased the synergistic effect between these
agents, highlighting their potential to boost chemotherapy
effectiveness [38]. Another study found that
demethoxycurcumin, a derivative of curcumin, restored
drug sensitivity in cisplatin-resistant lung cancer cells by
downregulating resistance proteins such as ERCC1 and
activating apoptotic pathways [39]. In research employing
dual-responsive nanoparticles loaded with curcumin and
platinum drugs, this combination not only improved
anticancer efficacy but also reduced chemotherapy side
effects, specifically in non-small cell lung cancer [40].
Further investigations demonstrated that sequential
administration of curcumin and cisplatin in ovarian cancer
cells increased the cytotoxic effects and helped to
overcome drug resistance [41]. Overall, due to its capacity
to modulate signaling pathways associated with drug
resistance and enhance apoptosis in cancer cells, curcumin
has been recognized as an effective chemosensitizer that
can improve the impact of platinum drugs on resistant
cells [42]. These findings suggest that curcumin, as an
adjunct to chemotherapy, could play a crucial role in
targeted cancer treatment by mitigating drug resistance.
Overall, the combination of curcumin with cisplatin and
carboplatin enhances chemotherapy efficacy by promoting
cancer cell death and overcoming drug resistance,
suggesting its potential as an effective adjunct therapy in
cancer treatment. With the increasing population and the
increasing complexity of diseases, including cancers,
infections, and health problems, there is an urgent need
for up-to-date technologies to help solve these issues. In
addition to physical problems, mental health issues can
also lead to disorders and complications that align with
physical problems. Nevertheless, humans have always
sought to treat various disorders and diseases [43-65].
Oral squamous cell carcinoma, a prevalent and aggressive
form of cancer, poses a significant challenge due to its
complex microenvironment, where epigenetic regulation
plays a crucial role in tumor progression and resistance
to treatment, necessitating a deeper understanding of its
underlying mechanisms to develop effective therapeutic
strategies [66]. The development of effective cancer
treatments is hindered by the limited understanding of the
complex interactions between tumor-derived exosomes,
such as those enriched with miRNA-211a, and cancer
cells, such as B16F10 cells, highlighting the need for
innovative drug delivery strategies that can target and
modulate these interactions to improve treatment
outcomes [67]. The COVID-19 pandemic, a global health
crisis that affected millions of lives worldwide, has been
successfully contained and overcome through concerted
international efforts, advancements in medical technology,
and the resilience of humanity [68]. One of the front-line
defenses against this challenge were the healthcare
workers, particularly nurses, who bore the brunt of the
stress and pressure, working tirelessly to care for the
infected and save countless lives [69]. One of the up-to-date
technologies like cochlear implants can significantly
impact a person’s progress [70]. Technology has also
played a crucial role in the diagnosis of MAC
(Mycobacterium Avium Complex) and has made a
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significant contribution to its detection and management
[71]. Artificial intelligence has taken major steps in the
diagnosis, treatment, and care of the disease [72]. In this
study, we investigated and compared the cytotoxic effects
of cisplatin and carboplatin nanoliposomes, both combined
with curcumin, on CAL 27 oral cancer cells. The results
revealed important differences between the two
formulations in terms of nanoparticle size, stability,
encapsulation efficiency, drug release, and cytotoxicity.
Cisplatin nanoliposomes had a smaller particle size (175
nm) and more uniform size distribution (PDI 0.33)
compared to carboplatin nanoliposomes (187 nm, PDI
0.48), suggesting better formulation stability. Furthermore,
cisplatin had a higher encapsulation efficiency (84.5%)
than carboplatin (76.5%), indicating that a greater amount
of cisplatin was successfully incorporated into the
liposomal structure, potentially enhancing its therapeutic
effect. When examining the drug release profile, both
nanoliposomes demonstrated sustained release over 52
hours, with cisplatin nanoliposomes releasing
approximately 22% of the cisplatin, compared to 28% for
carboplatin. Under acidic conditions (pH 5.2), which
mimic the tumor microenvironment, carboplatin exhibited
a faster release rate (57%) than cisplatin (44%), which
could make carboplatin more effective in acidic tumor
tissues. In terms of cytotoxicity, both platinum drugs,
when combined with curcumin, showed significant
enhancement in killing CAL 27 cells. Cisplatin exhibited
slightly greater cytotoxicity than carboplatin, especially
at lower curcumin concentrations. The combination of 4
mM curcumin with either cisplatin or carboplatin
produced synergistic effects, amplifying the cell death
beyond what was observed with individual treatments.
However, at higher curcumin concentrations (8§ mM), an
antagonistic effect was observed, reducing the overall
cytotoxicity. This suggests that while curcumin enhances
the therapeutic effect of platinum-based drugs at moderate
doses, excessive amounts may interfere with their
function, possibly due to competitive interactions within
the cancer cells.
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