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Abstract. The present study focused on the development of 
a mucoadhesive patch of methotrexate (MTX) for targeted 
delivery in oral cancer. Initially, MTX‑loaded liposomes were 
prepared using the thin film hydration method, and had a mean 
diameter of 105.7‑137.4 nm and percentage entrapment effi-
ciency of 54.6±3.5. These liposomes were cast in optimized 
mucoadhesive film. The film was characterized by its release 
pattern, thickness, weight and percentage swelling index and 
the sustained release profile of the optimized film was evalu-
ated. The developed liposomes and liposomes cast in the film 
formulation were evaluated for cytotoxicity in HSC‑3 cells 
using an MTT assay, and a significant decrease in the half 
maximal inhibitory concentration of MTX was identified with 
the MTX‑entrapped liposomal film, M‑LP‑F7. The results of 
the mitochondria‑dependent intrinsic pathway demonstrated 
that there was significant mitochondrial membrane potential 
disruption with M‑LP‑F7 compared with the plain drug. 
M‑LP‑F7 increased the rate of apoptosis in HSC‑3 cells by 
almost 3‑fold. Elevated levels of reactive oxygen species 
provided evidence that M‑LP‑F7 exerts a pro‑oxidant effect 
in HSC‑3 cells.

Introduction

Oral cancer is one of the most common and invasive types of 
cancer, accounting for ~5% of cancer mortalities worldwide. 
The management of oral cancer includes radiotherapy, chemo-
therapy and surgical excision, with which patients experience 
profound adverse effects. These undesired side effects of treat-
ment occur due to the non‑specific action of the therapeutic 
agents (1).

Over the previous three decades, advances in drug delivery 
systems have reduced the undesired effects of chemotherapy. 
Furthermore, the progression of nanotechnology in cancer 
chemotherapy has promoted the innovation of diagnostic 
and treatment methods. Targeted therapy is the most desired 
treatment for oral cancer, aiming for specific site delivery 
and thereby lowering the side effects and levels of systemic 
toxicity. The delivery of therapeutics through nanodelivery 
systems consisting of polymers or lipids have demonstrated 
increased solubility, stability and bioavailability, accumulating 
even inside tumor cells (2).

Novel drug delivery systems tackle the issues associated 
with local oral drug delivery and overcome various chal-
lenges, including lower drug absorption from the oral mucosa 
and prompt clearance of the drug from the site of absorption 
with saliva and induced mechanical stress, and poor patient 
compliance due to unpleasant taste (2). In addition, the most 
prominent disadvantage of conventional chemotherapy used to 
treat oral cancer is its high systemic toxicity and poor target 
specificity at cancer sites (2). Liposomes exhibit marked poten-
tial as a carrier system for therapeutically active agents. Due to 
their attributes, including biodegradability, biocompatibility, 
low toxicity and the ability to encapsulate hydrophilic and 
hydrophobic drugs, liposomes have gained attention in studies 
investigating targeted delivery systems for cancer agents. They 
function by directly targeting the tumor sites (3), and have been 
developed as a multifunctional drug carrier as they are able to 
prolong systemic drug circulation, enhance drug accumulation 
at the target tissue, increase levels of cellular internalization 
and provide organelle‑specific drug delivery (4).

These strategies have developed from controlled drug 
delivery systems to local controlled drug delivery systems for 
oral cancer therapy. Previous developments in drug delivery 
through the oral mucosa via bio‑adhesive polymers gained 
notable attention. The oral cavity offers a unique route for 
drug delivery, due to its relatively increased permeability to 
drugs, drug absorption, avoidance of hepatic first pass metabo-
lism and enhances bioavailability (5). The preferred forms 
of administration via the oral cavity are adhesive gels, films, 
patches and tablets intended for local drug delivery (6‑9).

Oral strips were developed for local application via the 
tongue or buccal cavity. Mucoadhesive buccal patches offered 
benefits compared with conventional methods (10). Due to the 
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short residence time of oral gels in oral cavity, buccal patches 
have advantages of increased residence time and drug release (5). 
For the development of controlled‑release mucoadhesive buccal 
patches, the time of contact of drug and tumor cells present in 
oral mucosa are important aspects for consideration. Though 
oral mucosa is more permeable compared with skin, the buccal 
mucosa exhibits a limited permeation to drugs. The buccal 
mucosa exhibits dual transport mechanisms, including a para-
cellular transport mode for hydrophilic compounds and large 
molecules, and a transcellular transport mode for lipophilic 
drugs that typically pass through the lipid bilayer (11). To over-
come the permeation barrier in oral mucosa, the residence time 
of mucoadhesive buccal patches on the buccal mucosa has been 
increased to enhance the drug partitioning to the target tissue. 
Thereby, such methods may effectively contribute to the devel-
opment of a sustained and targeted delivery system for drugs 
designed for tissues in the oral cavity (5,12,13).

Previous studies on mucoadhesive polymers demon-
strated that buccal tablets prepared using chitosan exhibited 
excellent mucoadhesive properties and a high capacity for 
drug permeation through the buccal mucosa  (11,14,15). 
Mishra et al (16) developed buccal patches, which consisted 
of a polymer combination of hydroxypropyl methylcellulose 
(HPMC), poly (vinyl alcohol) (PVA) and sodium carboxy-
methyl cellulose. These patches were evaluated to determine 
their physicochemical properties and in vitro release profile. 
The results highlighted the bio‑adhesive performance of 
PVA and HPMC. Additionally, HPMC and PVA exhibited 
an extended release of almost 40% of the drug in 12  h. 
Abbasi et al  (17) formulated a doxorubicin‑methotrexate 
(MTX)‑loaded nanoparticle to attenuate oral cancer growth, 
and evaluated them in an oral squamous cell carcinoma 
(OSCC) rat model. Additionally, this study group identified 
that the downregulation of matrix metalloproteinase 2 and 
receptor tyrosine‑protein kinase ErbB‑2 gene expression in 
an OSCC rat model were responsible for the clinical outcomes 
observed (17,18). MTX is a commonly used anticancer agent 
for various types of cancer, including colon, breast, skin and 
head and neck cancer (19‑21). Due to the high toxicity of 
MTX, various strategies have been attempted to formulate 
an effective delivery of MTX with reduced side effects. 
Dhanikula et al (22) developed modified polyester‑co‑poly-
ether dendrimers that encapsulated MTX and performed a 
release study. Furthermore, another study investigated the 
controlled release of MTX from intercalated nanocompos-
ites (23). In the present study, a controlled‑release buccal 
delivery system for MTX was designed, where MTX was 
loaded into a liposome system, increasing the retention time 
and release of MTX within the oral cavity, thereby prolonging 
the therapeutic effect. The lipid vesicles enhance anticancer 
efficiency of MTX and composite chitosan‑HPMC‑PVA as a 
buccal patch, through efficient delivery of MTX at the oral 
mucosal membrane. Consequently, a targeted delivery system 
for MTX was designed, resulting in site‑specific treatment 
of oral cancer. The cytotoxicity results of the present study 
on HSC‑3 cells suggest that apoptosis is the underlying 
mechanism of action. Mitochondrial depolarization and 
pro‑oxidant effects were the primary events observed in 
the MTX‑chitosan‑HPMC‑PVA composite liposomes that 
induced cell apoptosis in HSC‑3 cells.

Materials and methods

Materials. Phosphatidylcholine (PC) from soybean leci-
thin was purchased from Sigma‑Aldrich; Merck KGaA 
(Darmstadt, Germany). MTX was procured from Wako Pure 
Chemical Industries, Co., Ltd. (Osaka, Japan). Cholesterol 
(CL), HPMC, hydroxyethyl cellulose (HEC), PVA, poly 
(ethylene glycol) (PEG) and chitosan (CH) were all purchased 
from Sigma‑Aldrich; Merck KGaA.

Cell culture. The human oral squamous cell carcinoma HSC‑3 
cell line was purchased from American Type Culture Collection 
(Manassas, VA, USA). Cells were cultured in Dulbecco's 
Modified Eagle's Medium (DMEM; Sangon Biotech Co., Ltd., 
Shanghai, China) containing 10% fetal bovine serum (Sangon 
Biotech Co., Ltd.), 1% penicillin streptomycin (10,000 U/ml 
penicillin and 10 mg/ml streptomycin; Sangon Biotech Co., 
Ltd.) and 1% glutamine in tissue culture flasks, at 37˚C, 5% 
CO2 and 95% humidity.

Preparation of MTX‑loaded liposomes. MTX‑loaded lipo-
somes were formulated using the thin film hydration method 
using various molar ratios of PC in the presence of CL. 
Different molar ratios of PC/CL were mixed with PEG 400 
and dissolved in 95% diethyl ether solvent and 99% chloroform 
(Sigma‑Aldrich; Merck KGaA; 1:1). The solution was transferred 
to a round‑bottomed flask and the thin lipid layer was obtained 
by evaporating the solution in a rotary evaporator (50 rev/min) 
at 40˚C. The lipid film was then lyophilized overnight at 25˚C 
to remove the remaining organic solvent. This lipid film was 
rehydrated with acetate buffer solution (pH 5.5) containing 
MTX solutions of various concentrations (0.5 and 1.0%, w/w), 
and the resulting solution was agitated at 250 rev/min for 1 h 
at 25˚C to obtain stable and homogeneous liposomes. Three 
MTX‑entrapped liposomes (as denoted by ‘M‑LP’, ‘M‑LF’ and 
‘M‑LN’) were prepared, the composition of which described in 
Table I. These MTX‑entrapped liposomes (M‑LP, M‑LF, M‑LN) 
exhibited different concentrations of PC and CL (Table I) and 
were sonicated in an ice bath (30 min intervals) and extruded 
through membrane filters in five cycles (twice through a nylon 
filter at 0.45 mm and three times through a cellulose acetate filter 
at 0.20 mm) to reduce particle size in order to be suitable for 
mucoadhesive delivery systems (24). The dispersions of M‑LF, 
M‑LN and M‑LP were maintained at 4˚C (25) and were char-
acterized to obtain the final optimized MTX‑loaded liposomes.

Colloidal characterization of liposomes. The particle size, 
polydispersity index and zeta potential of M‑LF, M‑LN 
and M‑LP were estimated using a Malvern Zetasizer 
Nano ZS™ (Malvern Instruments, Malvern, UK). The 
liposomes were diluted 20 times with deionized water and 
evaluated. Morphological surface characteristics of the LPs 
were examined using transmission electron microscopy 
(Jeol‑100CX; JEOL, Ltd., Tokyo, Japan) operating at 100 kV. 
A drop of sample (5‑10 µl) was positioned on a 300‑mesh 
carbon‑coated copper grid to form a thin liquid film. Excess 
sample was removed by gently touching the grid with a filter 
paper. The negative staining of the films was performed using 
1% (w/v) uranyl acetate at 25˚C for 60 sec by placing a drop of 
stain to the grid. After 10 sec the excess stain was removed by 
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touching the edge to a filter paper. The extra staining solution 
was cleared with a filter paper and allowed to air‑dry. The 
stained films were photographed using transmission electron 
microscope. All procedures were carried out at 25˚C (Fig. 1).

High‑performance liquid chromatography (HPLC). 
MTX‑loaded liposomes were quantified using HPLC. The 
samples were analyzed on a HPLC system (Waters Alliance, 
Milford, MA, USA) using an RP C18 column (250x4.6 mm, 
particle size 5 µm; Phenomenex, Torrance, CA, USA) at 25˚C. 
The mobile phase used for MTX detection and quantification 
was acetate buffer [acetonitrile solution (90:10) at flow rate 
of 1 ml/min and 20 µl injection volume], and the wavelength 
for detection was 302 nm using Waters Tunable UV/Visible 
Absorbance Detector (Waters Alliance) (26).

Determination of drug entrapment efficiency. MTX‑loaded 
liposomes were evaluated for percentage entrapment efficiency 
(%EE) by vesicle lysis with 0.2% (v/v) Triton™ X 100 solution, 
and the lysed suspension was centrifuged at 12,500 x g and 

5˚C for 15 min. The supernatant was collected for analysis of 
the MTX content via the aforementioned HPLC method. The 
experiment was performed in triplicate. Experimental and 
theoretical percentages of MTX loading were calculated using 
the following formula: Percentage entrapment=[amount of drug 
in liposomes/total amount of drug added]x100. Based on the 
highest encapsulation efficiency with lowest lipid concentration, 
M‑LP was selected to be loaded into the mucoadhesive films.

Preparation of buccal mucoadhesive films. A solvent casting 
method using various polymer solutions formulated the buccal 
mucoadhesive films: CH (1% w/v); HPMC (1% w/v); PVA 
(1% w/v). The casting solution was a mixture of three ratios of 
these polymers left overnight at room temperature to ensure a 
clear, bubble‑free viscous mixture. The mixture was cast into a 
glass Petri dish and allowed to dry at room temperature (25˚C) 
and 40‑45% humidity for 24‑48 h until a flexible film was 
formed. The films with different compositions were cast as F1 
to F7 and their characteristics are presented in Table II. The 
films were optimized for physical characteristics including 

Table I. Characterization of MTX‑loaded liposomes.

	 PC:CL:		  Particle		  Zeta	 Entrapment
Formulation	 PEG 400	 MTX: lipid	 size, nm	 PDI	 potential, mV	 efficiency, %

M‑LF	 55:40:5	 1:20	 105.7±5.5	 0.13	 8.1±3.7	 54.6±3.5
M‑LN	 60:35:5	 1:20	 111.8±2.8	 0.34	 22.4±1.2	 67.2±1.5
M‑LP	 60:35:5	 1:10	 137.4±2.6	 0.31	 36.0±3.1	 73.4±1.7

Data are presented as the mean ± standard deviation (n=3). F, N and P denote the identity of the MTX‑entrapped liposomes with distinct 
compositions. MTX, methotrexate; PC, phosphatidylcholine; CL, cholesterol; PEG, poly(ethylene glycol); PDI, polydispersity index.

Figure 1. Morphological characteristics of liposomes (M‑LP) examined using transmission electron microscopy. The micrographs demonstrated that the 
majority of liposomes have a diameter between 200 and 300 nm. Scale bar represents 200 nm.
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thickness, average weight and percentage swelling (Table III). 
Other parameters including softness, flexibility, translucence 
and malleability were also taken into account. The F7 film was 
identified to be the most translucent and flexible, with highest 
swelling index and average thickness. Thus, the F7 film was 
selected to prepare the MTX‑ and M‑LP‑loaded mucoadhe-
sive film. The MTX and M‑LP‑dispersion was added to the 
polymer dispersion under continuous stirring to form M‑F7 
and M‑LP‑F7 polymeric suspensions, respectively. The PEG 
400 served as a plasticizer for the films. The gels formed were 
maintained in desiccators overnight at room temperature to 
ensure a bubble‑free and clear casting solution, and then cast 
into glass Petri dishes. The cast polymer solution was allowed 
to dry at room temperature. Dried M‑F7 and M‑LP‑F7 films 
measuring 1 cm2 were packed in aluminum foil, and stored in 
desiccators at room temperature (27).

Pharmaceutical evaluation of mucoadhesive films
Weight uniformity. Weight uniformity was determined by 
weighing six films of each set individually, and the average 
weight was determined with the standard deviation.

Film thickness. The thickness of the circular films was 
measured at five distinct positions (center and four places at 
the circumference) at the surface of each film using a screw 
gauge, and the mean value was used as the film thickness.

Determination of the swelling indices of films in distilled water. 
The swelling indices of the films were determined: Films were 
coated with ethyl cellulose on the lower base so that sticking of 
film to dish was avoided. The films were re‑weighed (W1) and 
allowed to swell in Petri dishes containing 10 ml of distilled 
water. The films were incubated at 30˚C in distilled water for 
30 min and stored at room temperature. Following this, the 
films were re‑weighed (W2), and the percentage of swelling 
was calculated using the following formula: Swelling 
index = (W2‑W1/W1) x 100 (28).

In vitro release of compound from different film. In vitro release 
of MTX from M‑LP, M‑F7 and M‑LP‑F7 were assessed using 
the dialysis bag method at 37±0.5˚C. The formulations M‑LP, 
M‑F7 and M‑LP‑F7 were placed in the dialysis bag separately 
and suspended in 20 ml simulated saliva (pH 6.75±0.05) in 
separate beakers (simulated saliva was prepared by dissolving 

2.38 g Na2HPO4, 0.19 g KH2PO4 and 8.0 g NaCl in 1,000 ml 
distilled water). Each beaker was maintained on a magnetic 
stirrer rotating at 250 rpm. After 0.5, 1, 2, 3, 4, 5 and 6 h intervals, 
a 0.5 ml sample was taken from each beaker, filtered through a 
Millipore filter (0.45 mm) and analyzed using HPLC. A similar 
volume of fresh medium was added to each sample immediately 
following this to maintain a constant medium volume.

In  vitro cell growth‑inhibition assay. The cytotoxicity of 
MTX, M‑LP and M‑LP‑F7 was evaluated in HSC‑3 cells by an 
MTT assay. The HSC‑3 cells were cultured in 96‑well plates 
in DMEM media at a density of 29x103 cells/well and were 
incubated for 24 h at 37˚C. Following this, cells were treated 
with MTX, M‑LP and M‑LP‑F7 at equivalent concentrations 
of MTX (50, 100 and 200 µg/ml) and incubated at 37˚C for 
an additional 24 h. At the end of the incubation time, the 
cells were incubated again at 37˚C with MTT reagent (8 µl, 
5 mg/ml) for 2 h, and finally optical density was read with an 
ELISA plate reader (Molecular Devices, LLC, Sunnyvale, CA, 
USA) at a wavelength of 540 nm. The half maximal inhibitory 
concentration (IC50) values were calculated from the mean 
absorbance at 490 nm (29).

Cell apoptosis study
Flow cytometric analysis of apoptosis in HSC‑3 cells using 
Annexin V‑fluorescein isothiocyanate (FITC)/propidium 

Table III. Physical characteristics of mucoadhesive films at 
room temperature.

	 Thickness ±	 Average
Formulation	 SD, mm	 weight ± SD, g	 Swelling, %

F1	 0.45±0.023	 1.063±0.076	 93.2
F2	 0.44±0.022	 0.953±0.126	 85.4
F3	 0.36±0.031	 0.532±0.018	 62.13
F4	 0.46±0.01	 0.678±0.07	 74.3
F5	 0.52±0.025	 0.872±0.03	 76.5
F6	 0.55±0.015	 0.77±0.015	 94.6
F7	 0.42±0.037	 0.681±0.024	 96.5

SD, standard deviation.

Table II. Composition of mucoadhesive buccal films.

Formulation	 Chitosan, % w/w	 HPMC, % w/w	 PVA, % w/w	 Physical characteristics of film

F1	 99	 0	 0	 Stiff and opaque, malleable
F2	 75	 24	 0	 Stiff and opaque, malleable
F3	 25	 74	 0	 Less stiff and opaque, malleable
F4	 50	 49	 0	 Little flexibility but opaque, malleable
F5	 75	 0	 24	 Low flexibility translucent, malleable
F6	 50	 0	 49	 Low flexibility, translucent, malleable
F7	 25	 50	 24	 Soft, flexile, translucent and malleable

HPMC, hydroxypropyl methylcellulose; PVA, poly(vinyl alcohol).
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iodide (PI) assay. The apoptotic effects of MTX and M‑LP‑F7 
was studied in HSC‑3 cells by quantitative discrimination 
of live cells, early apoptotic, late apoptotic and necrotic 
cells using dual staining with the Annexin V‑FITC/PI dye. 
Briefly, the HSC‑3 cells were treated with MTX and M‑LP‑F7 
having an equivalent concentration of 70 µg/ml MTX and 
incubated at 37˚C for 24 h. Following incubation, cells were 
washed and collected in PBS and stained with Annexin 
V‑FITC/PI according to the manufacturer's protocol (kit 
supplied by Sangon Biotech Co., Ltd.) cells were trypsinized 
(1x trypsin) and collected via centrifugation at 300 x g at 
25˚C for 5 min. Cells were suspended in 400 µl 1x Annexin 
V solvent. In total, 5 µl Annexin V‑FITC was added to the 
suspension and incubated for 15 min at 2‑8˚C. Furthermore, 
10 µl PI was added to the solution and incubated for 5 min at 
2‑8˚C. Flow cytometric analysis was carried out immediately 
following the addition of PI using a FACS Calibur instrument 
(BD Biosciences, San Jose, CA, USA). The data were analyzed 
using FlowJo software (version 7.6; BD Biosciences).

Determination of mitochondrial membrane potential (ΔΨm) 
in HSC‑3 cells using flow cytometry. The apoptotic mecha-
nism was investigated in terms of change in ΔΨm. The JC1 
dye was utilized to monitor changes in ΔΨm; in live cells, JC1 
fluoresces red, whereas in dead cells the florescence changes to 
green. The cells were cultured in the same conditions as in the 
cell apoptosis study. Following 24 h of treatment with equiva-
lent MTX concentration of 70 µg/ml for MTX and M‑LP‑F7, 
the HSC‑3 cells were collected and incubated at 37˚C with 
1 µl JC1 dye in 500 µl incubation buffer for 1 h, followed by 
centrifugation at 300 x g for 10 min at room temperature. The 
cell pellet was washed with PBS and reconstituted with 500 µl 
incubation buffer and analyzed using flow cytometry (30,31).

Detection of intracellular reactive oxygen species (ROS) 
in HSC‑3 cells using flow cytometry by 2',7'‑dichlorofluo‑
rescin diacetate (DCFDA) assay. The levels of intracellular 
ROS were evaluated to determine the effect of M‑LP‑F7 on 
ROS‑mediated apoptosis in HSC‑3 cells. The HSC‑3 cells 
were treated with M‑LP‑F7 at an equivalent concentration of 
MTX (70 µg/ml) for 24 h in order to the determine extent of 
ROS production. Cells were extracted in PBS, washed three 
times and incubated at 37˚C with 5 µM DCFDA for 30 min. 
Subsequently, cells were centrifuged at 300 x g for 10 min and 
re‑suspended in 500 µl PBS prior to flow cytometry analysis. 
Hydrogen peroxide was used as the positive control (30,31).

Statistical analysis. All results are expressed as the 
mean  ±  standard deviation (n=3). Differences between 
formulations were compared with one‑way analysis of vari-
ance followed by the Tukey‑Kramer multiple comparisons 
test, using Graph Pad Prism (version 5; GraphPad Software, 
Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Size, polydispersity index, and zeta potential of MTX‑loaded 
liposomes (M‑LF, M‑LN, M‑LP). The average sizes of 
MTX‑loaded liposomes (M‑LF, M‑LN, M‑LP) varied with the 

variation in the ratio of lipids. The mean size of liposomes 
increased with the ratio of PC. Additionally, the percentage 
of MTX used for loading also affected the liposome size. 
The size of liposomal formulations ranged between 105.7 and 
137.4 nm (Table I). For M‑LF liposomes with MTX/lipid ratio 
of 1:20, the vesicle size was 105.7±5.5 nm, zeta potential was 
8.1±3.7 mV with %EE 54.6±3.5. Increases in the ratio of PC in 
M‑LN and M‑LP, resulted in increases in the size of vesicles 
to between 111.8±2.8 and 137.4±2.6 nm, respectively. The zeta 
potential of liposomes also changed towards more positive 
values, and %EE was augmented in M‑LN and M‑LP.

Characteristics of LP‑film. The three polymers, CH, HPMC 
and PVA, were used for the development of mucoadhesive 
buccal films. The casting solution was a blend of these 
in various ratios (Table  II). The physical attributes of the 
films were characterized and the results are summarized in 
Table III. As the chitosan polymeric solution was viscous, the 
developed films were pale yellow colored, opaque and slightly 
hard, but varying the ratio of CH along with HPMC and PVA 
improved the texture of the film and malleability. The HEC 
film formulation was difficult to remove from the casting 
surface and possessed a non‑homogeneous surface due to the 
presence of entrapped air bubbles. The polymeric solutions of 
films containing PVA were less viscous and air bubbles were 
easily removed, creating a homogeneous film surface. These 
films were transparent, malleable and flexible, but were not soft 
and sharp edges were formed on folding. The concentration of 
PVA was optimized in CH and HPMC polymer combinations 
in order to obtain mucoadhesive films which possessed the 
desired softness and flexibility.

The thickness and weight of the formulations varied from 
0.36‑0.55 mm and 0.532‑1.063 g, respectively. The composi-
tion of the casting solution decided the thickness and weight 
of the film formulations. As demonstrated in Table III, the 
film formulations with a high concentration of CH exhibited 
increased weight and thickness compared with the other 
two polymers. The thickness of the films with different 
concentrations of polymers designated (F1 to F7) were 
arranged into the following order: F1>F5>F2>F6>F4>F7>F3. 
The weights of the films were arranged into the following 
order: F1>F5>F2>F6>F7>F4>F3.

The percentage swelling index refers to the volume subse-
quent to swelling in aqueous liquid under pre‑determined 
conditions including the weight of the film, temperature and 
humidity of the environment. The percentage swelling index 
of the films was evaluated by comparing the pre‑weight and 
post weight of each film, and the effect of swelling on particle 
release. The mucoadhesive polymers swelled when exposed to 
water, and a consequently a weak network was formed at the 
bio‑adhesive sites, resulting in bio‑adhesion. The percentage 
swelling of the mucoadhesive film containing different poly-
mers is summarized in Table III. The order of the percentage 
swelling of films with different concentration of polymers 
designated from F1 to F7 was: F7>F6>F1>F2>F5>F4>F3.

The in vitro release profiles of M‑F7, M‑LP and M‑LP‑F7 were 
compared in Fig. 2. As indicated, M‑LP‑F7 demonstrated a 
slower release profile compared with the M‑F7 and M‑LP films. 
The sustained release profile of M‑LP‑F7 may be attributed to 
the fact that CH maintained the integrity of the incorporated 
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vesicles. After 6 h, M‑LP‑F7 released ~52% of drug, whereas 
M‑F7 and M‑LP released 73 and 81%, respectively.

Cell culture assays
In vitro cytotoxicity study of MTX‑loaded liposome‑based 
films. The developed liposomes and liposomes cast in film 
formulation were evaluated for cytotoxicity on HSC‑3 cells by 
MTT assay. MTX, M‑LP and M‑LP‑F7 were incubated with 
HSC‑3 cells at equivalent concentration of MTX ranging from 
50 to 200 µg/ml for 24 h. The IC50 values of MTX, M‑LP and 
M‑LP‑F7 were compared, and a significant decrease in the IC50 
of MTX was identified with 75 µg/ml M‑LP‑F7, as compared 
with 142 µg/ml M‑LP and 180 µg/ml MTX alone (Fig. 3).

Apoptosis study in HSC‑3 cells. The apoptotic effect of MTX, 
alone and in formulation, on HSC‑3 cancer cells was deter-
mined via flow cytometry in order to detect the total live cell 
and apoptotic cell populations. Apoptosis was evaluated using 
a Annexin V‑FITC/PI assay and dual staining with Annexin V 
and PI. Fig. 4A demonstrates that the upper right quadrant 
represents Annexin V‑positive and PI‑positive cells. The 
M‑LP‑F7 system increased the rate of HSC‑3 cell apoptosis 
almost 3‑fold (Fig. 4A).

Assay of intracellular ROS. Intracellular ROS are responsible 
for apoptosis in cancer cells; therefore, raising ROS levels 
in cancer cells is an approach for cancer therapy, termed the 
pro‑oxidant effect. The pro‑oxidant effect of M‑LP‑F7 was 
measured using a DCFDA assay. The results demonstrated 
marked ROS generation by M‑LP‑F7 compared with H2O2, 
with an almost 68% shift in the M2 peak, as demonstrated in 
Fig. 4B. Increased ROS levels provided evidence that M‑LP‑F7 
exerts a pro‑oxidant effect in HSC‑3 cells.

Mitochondria‑dependent intrinsic pathway as evalu‑
ated using a JC1 assay. Mitochondrial depolarization is 
considered the intrinsic pathway for apoptosis; therefore, 
changes in ΔΨm were evaluated using the florescent probe 
JC1. The effect of M‑LP‑F7 in HSC‑3 cells was evaluated 
in terms of ΔΨm disruption. The results indicated that the 
ΔΨm disruption by M‑LP‑F7 was significant (P<0.05), and 
increased 2‑fold in comparison with MTX alone following 
treatment with an equivalent concentration of MTX 
(70 µg/ml; Fig. 4C).

Discussion

MTX is a common drug with antifolate characteristics that is 
used for cancer chemotherapy. In addition to the therapeutic 
effects, it also causes unavoidable adverse effects. Various strat-
egies have been suggested to reduce the toxic effects of MTX. 
Amongst these, the design of lipid‑based and polymer‑based 
carriers has been successful. The present study aimed to 
develop a lipid‑based local delivery system for oral cancer. 
To achieve this, MTX‑loaded lipid vesicles were designed and 
cast in a polymer solution to develop liposome‑laden mucoad-
hesive films. This formulation system has various benefits, as 
the liposomes contribute to enhancing MTX bioavailability, 
as well as the site‑specific delivery offered by mucoadhesive 
patches. The lipid vesicles were constructed in a size range 
of between 105.7±5.5 and 137.4±2.6  nm. The size of the 
vesicles was increased with the increasing concentration 
of PC. The zeta potential also varied with the change in the 
PC and CL concentration, and size uniformity was attained 
at a drug/polymer ratio of 1:10 in the formulation M‑LP. The 
increased %EE in M‑LP and M‑LN depended on various 
factors, including the method of preparation, vesicle size 
and lamellarity, drug physicochemical properties, lipid 
concentration and drug‑lipid interactions (32‑34). M‑LP was 
identified as the optimized MTX‑loaded liposome based on 
increased %EE with lowest drug/polymer ratio. M‑LP was 
used for the preparation of liposome‑laden buccal mucoadhe-
sive films.

Following the successful fabrication of MTX‑loaded 
liposomes (M‑LP), a polymeric system was utilized for 
formulating MTX liposome‑loaded buccal films. The hydro-
philic polymers HEC, HPMC and hydrogel CH were used 
in different combinations and evaluated to improve the film 
formulation properties. A CH/HPMC/PVA polymer composi-
tion of 25:50:24 was optimized to develop soft, flexible and 
malleable films.

Mucoadhesive polymers, including HPMC, HEC and CH, 
have potential in the development of film formulation as they 
form a swellable polymeric matrix to control drug release. 

Figure 3. Cell cytotoxicity was assessed using an MTT assay in HSC‑3 cells. 
The MTX, M‑LP revealed decreased cytotoxicity compared with M‑LP‑F7 
at all concentrations when incubated with HSC‑3 cells for 24 h. M‑LP‑F7 
revealed significantly (P<0.05) enhanced toxicity vs. M‑LP and MTX. MTX, 
methotrexate; M‑LP, MTX‑entrapped liposomes; M‑F7, MTX laden buccal 
mucoadhesive film; M‑LP‑F7, MTX‑entrapped liposomes laden buccal 
mucoadhesive film 7.

Figure 2. Release of MTX from M‑F7, M‑LP and M‑LP‑F7. M‑LP‑F7 
demonstrated a slower release profile compared with the M‑F7 and M‑LP 
films. MTX, methotrexate; M‑LP, MTX‑entrapped liposomes; M‑F7, MTX 
laden buccal mucoadhesive film; M‑LP‑F7, MTX‑entrapped liposomes laden 
buccal mucoadhesive film 7.
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PEG 400 was used as a plasticizer and stabilizer. The cellu-
lose‑derived polymers possessed high bio‑adhesion properties, 
which may decrease formulation leakage and disorderliness. 
The developed films were suitable in terms of mechanical 
properties and malleability, with good aesthetic and formula-
tion performance (12). Additionally, film bio‑adhesion depends 
on the swelling behavior of the polymers. As the mucoadhe-
sive polymers become hydrated, a proper macromolecular 
mesh‑like biodegradable polymer network formed, which 
enhanced the interpenetration of polymers and bio‑adhesive 
strength (35,36). In the developed film formulations, HPMC 
films were the most fragile and easily erodible films due to 
the highest swelling of the HPMC polymer (37), whereas CH 
strengthened the polymer network and reduced the erosion 

capacity of the films, alongside a controlled release of the 
drug (38). Films with different polymer concentrations were 
prepared (F1 to F7) and were characterized based on physio-
chemical properties. The F7 film was soft, flexible, translucent 
and had weight uniformity. Thus, F7 film was used to prepare 
MTX‑ and M‑LP‑laden buccal mucoadhesive films.

The cytotoxicity study on HSC‑3 cells revealed a marked 
decrease in the IC50 of MTX in lipid vesicles (M‑LP), 
and further in buccal patch M‑LP‑F7. This may be attributed 
to the enhanced permeability of the MTX from M‑LP and 
M‑LP‑F7 into the cells. The HSC‑3 cell line is highly invasive; 
therefore, the present study aimed to detect the mechanism of 
MTX‑induced apoptosis in HSC3 cells. MTX is active in oral 
cancer cells, but exhibits marked limitations regarding cell 

Figure 4. (A) Cell apoptosis in HSC‑3 cells after 48 h of treatment with MTX and M‑LP‑F7 at equivalent concentration of 70 µg/ml of MTX. (B) Pro‑oxidant 
effect of MTX and M‑LP‑F7 in HSC‑3 prostate cancer cells measured by intracellular ROS using a 2’,7’‑dichlorofluorescin diacetate assay. (C) Intrinsic 
apoptotic pathway visible through the change from red to green fluorescence, marking the mitochondrial membrane potential change following treatment with 
MTX, M‑LP‑F7 or the control. FITC, fluorescein isothiocyanate; PI, propidium iodine; MTX, methotrexate; M‑LP, MTX‑entrapped liposomes.



JIN et al:  MUCOADHESIVE METHOTREXATE PATCH FOR ORAL CANCER2548

uptake and site specificity as it is associated with certain highly 
toxic effects (17). This was also evaluated via an apoptosis 
assay in HSC 3 cells; M‑LP‑F7 increased the percentage of 
apoptotic cells 3‑fold, compared with MTX alone. The results 
of the assay also suggested that MTX contributes to the intrinsic 
apoptotic pathway through changing ΔΨm, as evident in the 
JC1 assay, an event that is significantly responsible for cancer 
cell apoptosis. M‑LP‑F7 was responsible for a 2‑fold increase 
in mitochondrial depolarization. The ΔΨm disruption was 
associated with the pro‑oxidant effect, which may correspond 
to ROS accumulation (39). Therefore, intracellular ROS levels 
were also evaluated in order to detect the expected pro‑oxidant 
mechanism of apoptosis by M‑LP‑F7. The DCFDA assay indi-
cated an ~68% peak shift (M2) due to the increased ROS levels 
in HSC3 cells caused by M‑LP‑F7 (containing 70 µg/ml MTX), 

in comparison with the positive control H2O2.
In conclusion, oral mucoadhesive patches for the delivery 

of MTX liposomes were produced and evaluated in HSC‑3 
cells to develop a chemotherapeutic delivery system for oral 
cancer. CH‑HPMC‑PVA‑based mucoadhesive buccal patches 
exhibited suitable bio‑adhesive properties, and prolonged the 
release of MTX. Oral mucoadhesive patches for oral cancer 
may be exploited as an effective approach to bypass the limi-
tations of site‑specific delivery in oral cancer chemotherapy. 
Therefore, drug toxicity may be reduced by lowering the dose 
required, suppressing toxicity and adverse effects.
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