[STANBUL

UNIVERSITY
PRESS

RESEARCH ARTICLE / ARASTIRMA MAKALESI
Journal of Advanced Research in Health Sciences /
Saglik Bilimlerinde ileri Arastirmalar Dergisi 2025
DOI: 10.26650/JARHS2025-1517952

DEVELOPMENT AND EVALUATION OF BIOADHESIVE MUCOSAL
DOSAGE FORMS OF PILOCARPINE HCL FOR XEROSTOMIA THERAPY

KSEROSTOMITEDAVISIICIN PILOKARPIN HCL'NIN BIYOADEZIF MUKOZAL
DOZAJ FORMLARININ GELISTIRILMESI VE DEGERLENDIRILMESI

Ozlem AKBAL DAGISTANY @, Nur Sena BASARIR! ®, Sinem Yaprak KARAVANA? ©, Ayca YILDIZ PEKOZ*

tistanbul University, Faculty of Pharmacy, Department of Pharmaceutical Technology, istanbul, Tiirkiye
2Ege University, Faculty of Pharmacy, Department of Pharmaceutical Technology, izmir, Tiirkiye

*Ozlem AKBAL DAGISTAN has passed away

ORCID ID: O.A.D. 0000-0002-6524-3535; N.S.B. 0000-0002-0695-5292; S.Y.K. 0000-0001-6010-5902; A.Y.P. 0000-0003-2243-6684

Citation/Atf: Akbal Dagistan O, Basarir NS, Karavana SY, Yildiz Pekéz A. Development and evaluation of bioadhesive mucosal dosage forms of pilocarpine
HCL for xerostomia therapy. Journal of Advanced Research in Health Sciences 2025;8(1):34-41. https://doi.org/10.26650/JARHS2025-1517952

ABSTRACT

Objective: Saliva maintains vital mouth functions and acts as a barrier to
dental health. Xerostomia, which is characterised as a feeling of dry
mouth, adversely affects the patient’s quality of life. Palliative therapies,
such as sialagogues, form the based on treatment of xerostomia. The FDA-
approved sialagogue pilocarpine is currently recommended as the first-
line medication for patients. Owing to its wide range of action, oral
pilocarpine users may experience several negative side effects. The
purpose of this study was to increase the duration of action and prevent
systemic side effects of pilocarpine hydrochloride by designing and
evaluating prolonged-release formulations of the drug using either
xanthan gum, hydroxyethyl cellulose, or a combination of these two
natural polymers buccal bioadhesive films.

Material and Methods: The films were analysed for their physicochemical,
mechanical, bioadhesive, swelling, in vitro release, and in vitro cytotoxicity.
Results: Physicochemical and mechanical feature examinations revealed
that the Xanthan-HEC combinations showed better results compared to
the single polymer-used formulations. The in vitro dissolving profiles of all
the optimal formulations showed a sustained release pattern with a
steady-state plateau after an initial fast release. Using various release
kinetic models to assess drug release kinetics revealed that the Higuchi
and Korsmeyer-Peppas correlations are primarily followed by drug release
from buccal films.

Conclusion: The findings show that the mucoadhesive buccal formulation
is a viable method for pilocarpine localised distribution that is both safe
and effective in treating xerostomia. Further in vivo studies are planned to
assess the pharmacokinetic and histopathological effects of the
formulation.

Keywords: Buccal delivery, buccal film, pilocarpine hydrochloride,
sialogogues, xerostomia
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Amag: Tukurik salgisi hem agiz ici fonksiyonlari hem de dis saghgini koru-
maktadir. Bu nedenle agiz kurulugu hissi ile karakterize olan kserostomi
durumu hastanin yasam Kkalitesini olumsuz ydnde etkilemektedir.
Sialagoglar gibi palyatif tedaviler, kserostominin tedavisinin temelini olus-
turmaktadir. Mevcut hastalar igin birinci basamak ilag tedavisi olarak,
Amerikan ilag ve Gida Dairesi tarafindan onayli pilokarpin HCI 6nerilmek-
tedir. Oral yoldan pilokarpin kullanimi, genis etki yelpazesi nedeniyle
cesitli olumsuz yan etkinin ortaya ¢ikmasina neden olabilmektedir.
Calismanin amaci, pilokarpin hidrokloririin etki siiresini arttirmak ve siste-
mik yan etkilerini 6nlemek igin; ksantan sakizi, hidroksietil seltiloz veya bu
iki dogal polimerin kombinasyonunun kullanildigi bukkal biyoadhezif film-
lerinin hazirlanmasi ve ilacin uzun sireli salinimini saglayan formilasyon-
larinin tasarlanip degerlendirilmesidir.

Gereg ve Yontemler: Bukkal filmler; fizikokimyasal, mekanik, biyoadhezif-
lik, sisme, in vitro salim ve in vitro sitotoksisite agisindan analiz edimistir.
Bulgular: Fizikokimyasal ve mekanik 6zellikler Ksantan-HEC kombinasyon-
larinin tek polimerin kullanildigi formilasyonlara gore daha iyi sonuglar
verdigini gostermistir. Tim optimal formilasyonlarin in vitro ¢ozinurlik
profilleri, baslangigtaki hizli salimdan sonra kararli durum platosuyla birlik-
te siirekli salim modeli géstermistir. ilag salim kinetigini degerlendirmek
icin kullanilan gesitli salim kinetik modelleri dncelikli Higuchi ve Korsmeyer-
Peppas korelasyonlarinin gergeklestigini bukkal filmlerden ilag saliminin
takip ettigini géstermistir.

Sonug: Bulgular mukoadezif bukkal formilasyonun lokalize dagilimi igin
pilokarpinin kserostomi tedavisinde hem guvenli hem de etkili olarak
uygulanabilir bir yontem oldugunu géstermektedir. ileri calismalar olarak
formilasyonun farmakokinetik ve histopatolojik etkilerini degerlendirmek
icin in vivo deneyler planlanmaktadir.

Anahtar kelimeler: Bukkal uygulama, bukkal film, pilokarpin hidroklorir,
sialagog, kserostomi
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INTRODUCTION

Saliva is a protective factor for oral health and provides support
for crucial oral functions as a digestion lubricant and buffering
agent that modulates the pH levels in the mouth (1). Therefore,
any kind of salivary dysfunction such as “xerostomia”, generally
used to describe the sense of dryness felt in the mouth (2). Cur-
rently, pilocarpine is indicated as the first-line drug for patients
with radiation-induced xerostomia and Sjogren's syndrome (1).
Due to its broad range of activity, various adverse effects, i.e.
flushing, sweating, and nausea can be seen in oral pilocarpine
users. Furthermore, the oral pilocarpine’s stimulation effect is
relatively short with a 5 to 10 mg dosage and a 3/4 times daily
administration, which has a negative impact on the patient
adherence to the therapy regime (3). Localised buccal drug
delivery system increases the patient’s compliance with ease of
administration, reduced dose frequency, high drug accumulati-
on, and prolonged residence time at the target site (3).

In the frame of this knowledge, the study aimed to design and
in vitro characterise prolonged-release formulation of pilocar-
pine hydrochloride buccal bioadhesive films using either xant-
han gum, hydroxyethyl cellulose, or a combination of these
two natural polymers to increase the duration of action and
extend the release duration, which may prevent systemic side
effects of pilocarpine.

MATERIALS AND METHODS

Compounds and reagents

Pilocarpine Hydrochloride was kindly provided by the Bilim
Pharmaceutical Company, Turkiye. Hydroxyethyl Cellulose
(HEC; 250000 Mw, 145 mPas, 1% in H,0/ 20°C) was purchased
from Sigma-Aldrich (Darmstadt, Germany) and the Xanthan
gum (1000-1400 mPas, 1% in H,0/ 20°C) was purchased from
the Doga Drug Company (Istanbul, Turkey). All other reagents
were of analytical grade.

Preparation of the bioadhesive mucosal buccal films

Buccal films of the pilocarpine hydrochloride were prepared
using the solvent casting technique. Various amounts of each
matrix polymer were added to the required amount of water
and left overnight under magnetic stirring to allow the poly-
mers to obtain a bubble-free polymer dispersion. Pilocarpine
hydrochloride (0.04% w/w) was dissolved in distilled water. As a
penetration enhancer and a plasticising agent, propylene glycol
(10% w/w) was added to the pilocarpine solution. Then, this
mixture was added to the polymer dispersion and stirred on a
magnetic stirrer until a homogeneous mixture was obtained.
Afterwards, the homogenised gel was cast onto a glass petri
dish (r=9 cm) and left to dry at 40 °Cin a hot air oven (Nlve EN
40, Turkey) until a formed dry film was obtained. After drying,
the films were stored in a desiccator at room temperature with
40% relative humidity for further experiments (4, 5).

Characterisation of Pilocarpine Hydrochloride Films
Physical appearance
The films’ physical characteristics, including colour (visual ins-

pection), transparency, softness, peelability (removal of the
film from the Petri dish after drying), and homogeneity were
visually examined (6).

Initial polymer solution viscosity measurement

The RV6 spindle Brookfield viscometer (Brookfield DV2, USA)
was used to take measurement of the matrix polymers’ vis-
cosity were used to assess the formulations’ pourability and
spreadability (5).

Weigh uniformity and film thickness

The films were cut with a diameter of 1 cm from six different
regions. The weight of the individual cut films was recorded,
and the average and standard deviation of the film weight were
calculated. A manual digital micrometre (QLR digit, IP4, PRC)
was used to gauge the thickness of the produced films, and the
samples for the thickness measurement were chosen similarly
to the weight variation analysis (7).

Folding endurance

For each formulation, a little 4-4 cm strip of film was taken and
folded in the same spot repeatedly creating an angle of 180°
until it broke. The folding endurance of a film was measured
by the number of times it could be folded in the same spot
without tear (n=3) (8).

Surface pH

To measure the film’s surface pH, it was allowed to swell in a
glass Petri dish for 1 h while in contact with 10 mL of simulated
saliva fluid (SSF) (KHZPO4 12 mM, NaCl 40 mM, CaCI2 1,5 mM
adjusted with H.PO, to pH 6.75). Using a pH meter, the surface
pH was measured by placing a glass electrode close to the film’s
surface for one minute (n=3) (9).

Drug content and content uniformity

The buccal films were cut with a diameter of 0,6 cm and dis-
solved in 15 mL SSF in an orbital shaker (IKA, HS501, Germany)
with the rotation speed adjusted to 200 rpm for 4 h. Then,
the collected samples were filtered through membrane filters.
The drug content of the films was quantified by the developed
HPLC method (LC-20 AT model, Shimadzu, Japan). The chro-
matographic separation was accomplished on a C18 column
(150x4,6mm, 5um: Shim-pack VP-ODS, Shimadzu, Japan). HPLC
was performed using an isocratic gradient; a mobile phase of
25:75 [MeOH: Buffer (10 uM sodium hexane sulphonate, 0.2%
v/v Trimethylamine pH adjusted to 2.8 with o-phosphoric acid)
at a flow rate of 1 mL/min. The pilocarpine hydrochloride peak
was detected by a photodiode array detector at 214 nm (n=3,
@=0.05) (10).

Measurement of Mechanical Properties

Mechanical properties

The mechanical properties of the pilocarpine films were mea-
sured using a texture profile analyser (TA.XT Plus, Stable Micro
Systems, Surrey, UK) equipped with a 5-kg load cell (11). The
tensile strength and elongation at break will be calculated as
shown in the Equations;




Akbal Dagistan, Basarir, Karavana, Yildiz Pekdz Bioadhesive pilocarpine films for xerostomia treatment
Journal of Advanced Research in Health Sciences - Saglik Bilimlerinde ileri Arastirmalar Dergisi 2025;8(1):34-41

Breaking Force (N)
Initial Cross — Sectional Area of Sample (mm?)

Eq1l: Tensile Strength (mm?) =

Increase in lenght at breaking point(mm)
initial lenght

Eq 2: Elongation at Break (%) = ( )xlOO

In vitro bioadhesion studies

The measurement was carried out using a texture analyser that
was outfitted with a bioadhesion test rig and a 500 g load cell.
The bioadhesive properties of the formulations were determi-
ned using bovine buccal mucosal tissue obtained from a local
slaughterhouse. Mucosal membrane sections were attached to
the holder of the texture analyser at 37+0.5°C. Formulations
were placed at the lower end of the probe and the probe was
lowered onto the bladder mucosa surface at a constant speed
(1 mm/s). The contact force (0.05 N) was applied for 2 min. The
area under the curve (mucoadhesion) was determined from the
resultant force—distance graph (n=6) (12).

Swelling studies

A portion of each mucosal dosage film was divided into porti-
ons of 4 cm? (2x2 cm) and cut, placed in a stainless steel wire
mesh, and the total weight (W1) was measured. Then, the mix-
ture was submerged into a beaker containing 20 mL SSF at pH
6.75 (13). The samples were measured at predetermined peri-
ods (5, 15, 30, 45, 60, 75, 90, 105, 120, 180, 240, 300 and 360
min). The samples were carefully withdrawn from the medium
and the excess surface water was wiped off with filter paper
and weighed (W2). After the experiment, the swollen films
were dried at 60 °C for 24 h and kept in desiccators for over 48
h, and after they fully dried, the weighing was repeated (W3).
These experiments were performed in triplicate (n=3, a =0,05)
(5). The percentage of hydration and matrix erosion were cal-
culated using the following equations (Eq.3-4):

w2-w1i
Eq 3: % of Hydration = ——— X100
w2

wi1-Wws3

X100
w1

Eq4: % of Matrix Erosion =

In Vitro Drug-Release Studies

In vitro drug-dissolution studies

The PL release studies were assessed with a design closely si-
milar to the USP 23 dissolution test apparatus 5 (paddle over
disk) method using a dissolution tester (SOTAX, AT 7 Smart
V230, Switzerland). The dissolution medium comprised 900
ml of SSF at 37+0.5 "C and paddle rotation speed was adjusted
to 50 rpm. The buccal films were cut with a diameter of 2 cm
and were fixed in a glass slide with a self-fabricated basket
(50 mm diameter and 6 mm height) made from stainless steel
with a sieve opening of approximately 850 um (size No. 20,
USP 23). The basket containing the sample was submerged
in the dissolution medium. The manually collected samples
at intervals of 0, 5, 1, 2, 3, 4, 5 and 6 h. were filtered through
a 0.45 uM Millex syringe-driven filter (Millipore Cooperation,
Bedford MA, USA) and quantified by HPLC (n=3). The samples
were replaced with an equal volume of SSF maintained at the
same temperature (14).

Drug Release Mechanisms

Based on the in vitro release data of the film formulations,
four kinetic models with their corresponding relationships were
constructed, as shown in Table 1 (15-17). The kinetic models’
associated mathematical equations are shown in Egs. (5)—(8)
below;

Table 1: Various plots with corresponding kinetic
mechanisms used to evaluate the in vitro dissolution data

Plot parameters Kinetic Model Release Dependency
. The rate of
Cumulative drug release is
ercentage dru Zero Order . .
P g . & independent of its
release vs. time .
concentration.
Log cumulative of The rate of drug
percentage drug First Order release is dependent
remaining vs Time on its concentration.
Drug rel hrough
Comulative ug elease throug
ercentage dru a matrix via diffusion
P 5 s Higuchi based on Fick’s law,

release vs. square

. which is square root
root of time 4

time-dependent

Log cumulative
percent drug release
vs log of time

The release regime
depends on the “n”
exponent value

Korsmeyer-Peppas

Zeroorder; Q; = Q° + Kt

Where Q, is the initial amount of the drug, Q, is the cumulative
amount of the drug released time (t), K, is the zero-order rate
constant, and t is time in minutes.

Kt
Log Q. = LogQy + /2,303

Where Q,is the initial amount of the drug, Q,is the cumulative
amount of the drug released time (t), K, is the first-order rate
constant, and t is time in minutes.

Higuchi; Q = Kjt1/?

where Q is the cumulative amount of drug released in time (t),
K, is the Higuchi release rate constant, and t is time in minutes.

Korsmeyer—Peppas;
F = (M./M) = Kyt"

where F is the fraction of the drug released in time (t), Mt is
the amount of the drug released at time (t), M is the total
amount of the drug in the dosage form, K is the release rate
constant, n is the diffusion or release exponent, t is the time
in minutes, ‘n’ is estimated from the linear regression of log
(Mt/M) versus log t.

In vitro cell viability assay

The tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay on Caco-2 was used
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to evaluate the cytotoxicity of pure Pilocarpine/Xanthan/HEC
and selected buccal film formulations. Caco-2 cells (ATCC® HTB-
37TM) are adherent cells derived from the human colorectal
adenocarcinoma. Cells were incubated in Eagle's Minimum Es-
sential Medium supplemented with 5% foetal bovine serum,
100 IU/mL penicillin, 100 pg/mL streptomycin. The cells were
grown in an incubator used for cell culture (Thermo Scientific,
Hessen, Germany) at 37°C, 5% CO2. After attaining 80%—85%
confluence, the cells were harvested. The cells (Caco-2, 4x10*
cells/mL) were seeded in a sterile, flat-bottomed 96-well tissue
culture plate. After 24 h, the cells (except those in the control
wells) were exposed to either pure Pilocarpine/Xanthan/HEC
or buccal film formulations in the cell culture medium and in-
cubated for 24 h. MTT stock solution (5 mg/mL) was prepared
and 30 pL of the solution was added to each well and the plate
was incubated for a further 4 h at 37 °C, 5% CO,. At the end of
the incubation time, formazan crystals formed by the mitoc-
hondrial dehydrogenase reduction activity were dissolved by
adding 100 puL DMSO to each well. The optical density was me-
asured on a Multiscan EX Micro-plate reader (Thermo Scientific,
Essex, UK) at 570 nm. The obtained results were expressed as
percentage inhibition relative to the control cells in which cell
survival was taken as 100 %. The experiments were performed
in triplicate (18).

Statistical analysis
In-vitro data obtained from each experiment will be subjected

to statistical analysis using a computer programme, GraphPad-
Prism 9.0 software, for a one-way analysis of variance (ANO-
VA) followed by the Newman—Keuls multiple comparisons test.
P<0.05 will be considered to be indicative of significance.

RESULTS

Preparation of the bioadhesive mucosal buccal films
Table 2 displays the preliminary formulation details of the pi-
locarpine hydrochloride buccal films.

Characterisation of pilocarpine hydrochloride films

The weight of the drug-loaded buccal film formulations was
determined using electronic balance, and the average weight
+SD of films was given in Table 3.

The polymer type and viscosity are responsible for the variance
in the thickness (Table 3). Each film’s pH was measured to be
between 6.0 and 6.5, which is within the normal range for sa-
livary pH (Table 3) (19). The folding endurance was increased
with the increased amount of XG. All the films showed a good
value of folding endurance, which is above 300 times/per film.

An HPLC method for the quantification of PL in the buccal film
formulation was developed and validated. The determination
correlation coefficient (r?) was found to be 0.9997 with the
linear regression equation. The limits of detection and quanti-
fication were determined as 0.162 and 0.256 pg/mL, respecti-

Table 2: Formulation components of the buccal film formulations

Formulation PL(%) HEC(%)  XG(%) PG(%) DW
F1 0.04 2.5 - 10 q.s.
F2 0.04 - 2.8 10 q.s.
F3 0.04 1.25 14 10 q.s.
F4 0.04 1.25 2.8 10 q.s.
F5 0.04 1.25 4.2 10 q.s.
F6 0.04 1.25 5.6 10 q.s.
F7 0.04 2.5 14 10 q.s.
F8 0.04 3.75 1.4 10 q.s.
F9 0.04 5.0 1.4 10 q.s.

(% w/w), PL: Pilocarpine, HEC: Hydroxyethyl Cellulose, XG: Xanthan Gum, PG: Propylene

Glycol, DW: Distilled water

Table 3: Physicochemical characteristics of the prepared buccal films of PL

. Weigh Thickness Folding Surface Drug

Formulations (mg) (mm) endurance H content (%)

g (time/film) P °
F1 40.89+0.67 0.040+0.008 332+12 6.17+0.05 96.45+1.01
F2 56.6410.54  0.0560.002 315+11  6.23+0.08 97.75+1.02
F3 41.56+0.78 0.0370.005 324106  6.35£0.06 97.04+1.54
F6 58.21+1.12  0.045+0.006 321+04 6.45+0.05 98.77+1.03
F9 42.3840.84 0.039+0.002 328408  6.51+0.09 98.54+1.26

All values are expressed as mean +S.D; n=6.

2 percentage of the drug concerning the film weight.
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Table 4: Mechanical properties of the prepared Bioadhesive buccal films of PL

Formulations Tensile Strength Elongation at the break Work of adhesion
(N/cm?) (%) (mJ/ cm?)

F1 1.659+0.154 4.260+0.089 4.016+0.026

F2 3.956+0.148 1.524+0.015 1.523+0.036

F3 2.827+0.295 3.260+0.024 3.625+0.049

F6 4.154+0.389 2.019+0.056 1.756%0.056

F9 1.896+0.256 5.126+0.045 5.260+0.025

All values are expressed as mean +S.D; n=3.

vely. In pharmaceutical formulation content uniformity, one of
the most important characteristics to guarantee the presence
and consistency of the drug is the film’s formulation (20). The
percent drug content in the films was found to be between
96.45+1.01 and 98.77+1.03%. The data shows uniform distri-
bution (Table 3). It can be concluded that the content homo-
geneity was not affected by the polymer or the polymer ratio.

Measurement of the mechanical properties

The Texture Profile Analyser was used to assess the mechani-
cal characteristics of the buccal films based on Xanthan gum
and HEC. Table 4 displays the findings of our measurements
for the tensile strength, elongation at break, and in vitro bio-
adhesion work.

The mechanical strength of the films prepared with HEC va-
ried between 1.659+0.154 and 1.896+0.256 N/cm?, whereas
xanthan gum contributed a greater mechanical strength to the
films (3.956+0.148-4.154+0.389 N/cm?). The results of the in
vitro mucoadhesion study using PL buccal film formulations
are given in Table 4.

Swelling studies

A correlation has been demonstrated between the swelling
index and the mucoadhesive strength (Figures 1, 2) (21)-suffi-
cient swelling guarantees that the polymer chains unfold and
establish a connection with the buccal mucosa. The percentage
hydration of the drug-loaded films (F1-F9) was measured for
6 h. The findings are shown in Figure 1. Notably, a steep slope
during this phase indicates that the hydration rate was rapid
in the first hour (Figure 1).

Comparisons between the films’ initial and final weights upon
immersion in simulated saliva were used to calculate the matrix
erosion (%) profiles shown in Figure 2. Comparing the HEC-
based formulation to the xanthan-based films revealed a subs-
tantial (p<0.05) increase in matrix erosion (per cent), and the
ratio of matrix erosion increased in direct proportion to the
amount of HEC present (Figure 2).

In vitro drug-release studies

In terms of the release profile (Figure 3), PL release ranged bet-
ween 59.15£2.69% and 72.09+0.09% in the first 30 min in the
HEC-based films (Figure 3). At 2 h, the release profile reached
its maximum level (87.67+0.85 to 79.99+6.56%).

Within the first 30 minutes, 39.92+4.98% of PL was released

100

Swelling Index (%)

[ o

T L] L] 1
[} 100 200 300 400
Time (min)

Figure 1: Swelling index of the mucoadhesive films
All values are mean *SD, n=6

[-1]
o
L

N
(=]
1

Matrix Erosion (%)
5

0- " T
M F2 F3 F6

Figure 2: Matrix erosion of the mucoadhesive films
All values are mean *SD, n=6

from the buccal film F3. The release profile reached its maxi-
mum level after 4 h (89.49+9.10%), and the release level was
maintained until 6 h. Table 5 summarises the release parame-
ters that were acquired through the process of fitting the ex-
perimental dissolution release data to the several kinetic equ-
ations that were assessed (22).

In our study, the xanthan-based films F2 and F6 fulfilled both
the Higuchi and Korsmeyer—Peppas correlations (Table 5) (15).
In the Higuchi model, the xanthan-based film exhibited the
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All values are mean SD,

Table 5: Estimated values of pilocarpine
the Korsmeyer-Peppas kinetic model rel
formulations

0 mg) as the active agent.
n=6

-release determination coefficient (r?) and
ease exponent (n) for the buccal film

Formulations Zero-order First-order Higuchi Korsmeyer-Peppas
Kinetics (r?) Kinetics (r?) Kinetics (r?) Kinetics (r%.n)
F1 0.6871 0.6860 0.7819 0.8055 0.3281
F2 0.6372 0.8781 0.9909 0.9909 0.5768
F3 0.7259 0.7317 0.8475 0.9723 0.5129
F6 0.6871 0.8998 0.9905 0.9974 0.6178
F9 0.6998 0.7014 0.8114 0.8375 0.3425

best linear correlation, with an r? value of 0.9909 and 0.9905,
respectively. In the Korsmeyer—Peppas model, the n-value of
F2 was 0.5768 with a linear correlation of 2r % 0.9909 while F6
was with an r? value of 0.6178 with a linear correlation of 2r
% 0.9974 whereas the combination of the polymers (F3) had
an r? value of 0.5129 with a linear correlation of 2r % 0.9723,
indicating non-Fickian behaviour 40,52.

In vitro cell viability assay

The effective and safe use of polymers as drug carriers in hu-
mans depends on several aspects, with toxicity being a key
consideration (22). MTT was used in this investigation to as-
sess the short-term cytotoxic effects of the chosen buccal film
formulations. Based on the metabolically active cells reducing
MTT to a coloured formazan product, the assay can be mea-
sured using spectrophotometry (23). The study formulations
exhibited no cytotoxic impact and PL presented no physical
risks to the endothelial cells. Additional research is required
to shed light on the entire toxicological profile.

DISCUSSION

Because of its superior rheological characteristics, XG was emp-
loyed as a thickening agent and mucoadhesive controlled-rele-
ase excipient for the buccal formulations (24) along with HEC.

Depending on the type, content, and temperature of the poly-
mer, HEC is dissolved under different conditions to produce
transparent solutions with different viscosities. With increa-
sing temperature, the viscosity of the solution reduces (25).
In addition to these mucoadhesive polymers/combinations,
propylene glycol (PG) was also chosen as a hydrophilic perme-
ation enhancer to improve drug partition into the mucosa to
solubilise the drug and act as a plasticiser.

The thickness of the films was directly related to the dose accu-
racy, and the optimal thickness was necessary for adequate bi-
oadhesion, whereby increased thickness reduces the mucoad-
hesion capability of the films (8). Each film’s pH was measured
to be between 6.0 and 6.5, which is within the normal range for
salivary pH (Table 3) (19). The folding endurance was increased
with the increased amount of XG. All the films showed a good
value of folding endurance, which was above 300 times/per
film. Mechanical studies were performed, where the tensile
strength is the stretching force given to the sample at the time
of breakage, while the elongation at break is the maximum
change in the length of the polymeric film before breaking (6).
These findings showed that films prepared with xanthan gum
were more resilient to tension stress and underwent a plastic
deformation, which is why the elongation at break happened
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faster and earlier. Because the xanthan-based formulation has
a smaller area under the force-distance curve than the HEC-
based formulation, its work of adhesion is also lower. The HEC-
based formulation, in contrast, exhibited an elastic deformation
and more lasting elongation at break. It has a far wider region
beneath the force-distance curve. As a result, the HEC-based
formulation requires more force to adhere to it (26).

For the release studies, as the HEC concentration rose from
2.5% to 5%, the adhesiveness of the HEC films increased. The
literature has demonstrated that when the concentration of
polymer in the formulation increases, so does the work of ad-
hesion value, which is compatible with our findings (27). For the
film swelling, water entering the matrix allows drug molecules
to diffuse out of the film and become available for mucosal
penetration in the interim. As it may facilitate rapid film muco-
adhesion with the buccal mucosa, rapid hydration is important
during the first phase. It is assumed that HEC causes this quick
hydration. However, after that, in the first phase, the hydration
remained largely unchanged during the analysis. Moreover,
there was no distortion or erosion, and the films maintained suf-
ficient physical integrity until the completion of the experiment
(9). The findings imply that greater matrix erosion may occur
from the HEC-based films” with comparatively high swelling
index. Lower matrix erosion was shown by the xanthan-based
films, and this was correlated with a lower swelling index. PL
release and HEC concentration were inversely correlated. The
observed change in the viscosity of the polymer due to ra-
pid hydration and the gelation process that affects the rate of
drug dissolution could be the cause of this observation (5). In
contrast, when xanthan and HEC were used together, the PL
release was maintained more sustainably. The development
of a thick gel layer that raised the viscosity of the polymeric
film may have contributed to the decreased in vitro release
during the first 4 h. This observation aligns with the findings of
Akash et al., who suggested that thick gel formation and a dry
interior core could cause a delay in drug release from xanthan
films (28). Additionally, the drug’s in-vitro release behaviour is
impacted by the high viscosity of xanthan gum (29). This result
also implies that PL partially diffuses with increasing diffusion
path length across the gradually expanding hydrated matrix
and the inflated polymer matrix. The phenomenon known as
anomalous or non-Fickian diffusion is noted when the rates of
liquid diffusion and polymer relaxation are equally large (30).
However, according to various in vitro release models, the HEC-
based films F1 and F9 were deemed inadequate and did not
follow the Higuchi kinetics.

CONCLUSION

Hyposalivation can be caused by either long- or short-term ca-
ses that may be triggered by auto-immune diseases such as
Sjogren syndrome, psychologic complications stimulated by
stress, or radiotherapy of the neck and head region, which in
turn may cause a syndrome named xerostomia. The objective
of this study was to formulate a long-acting buccal dosage form
to minimise the side effects and develop an alternative route of

administration. Based on the results, it can be concluded that
the mucoadhesive buccal formulation is a potential approach
for effective as well as safe localised delivery of pilocarpine to
treat xerostomia.
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