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ABSTRACT

There are challenges involved in improving the convenience of
cetirizine dihydrochloride (CTZ) administration for geriatric and
pediatric patients with allergic asthma. Due to the ease of swallowing,
oral fast-dissolving films (OFDFs) have been identified as a potential
solution. This study aimed to prepare hydroxypropyl methylcellulose
(HPMC)-based OFDFs of CTZ using the solvent casting method. Film
compositions, including the amounts of HPMC and glycerin, were
optimized using a face-centered central composite design based on
film thickness, folding endurance (FE), and disintegration time (DT).
Nine prepared films were found to be transparent and clear in
appearance, demonstrating the homogeneity of the films. The
weights and thicknesses of all films were in the ranges of 57-109 mg
and 22 - 40 um. The FE of the prepared films was determined to be
42-156, 30-124, and 17-70 times for 3%, 4%, and 5% (w/w) HPMC-
based films, respectively. The DT of the films ranged from 99 + 13 to
478 £ 21 s as their compositions were altered in terms of the HPMC
contents and the amount of glycerin. The film fabricated from 3 %
(w/w) HPMC and 10% (w/w polymer mass) glycerin (F3) was
identified as optimal due to achieving the highest FE and the least
DT. Moreover, regression analysis demonstrated a significant effect
of the HPMC and glycerin amounts on the film properties. After adding
CTZ in F3 (the optimized film), the CTZ content in the films was 0.84
+ 0.14 mg/cm?. The optimized film could be evaluated further for
drug release and drug permeation.
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INTRODUCTION

Oral fast-dissolving films (OFDFs) are an alternative preparation for drug
administration based on their benefits in terms of rapid duration with dosage
accuracy and drug therapy efficacy when compared with liquid dosage forms
(Phalguna et al., 2019; Rani et al., 2021). Also, OFDFs are more favored and
practical for juvenile and elderly patients who have trouble swallowing tablets
(Bhowmik et al., 2009; Katewongsa et al., 2017). At the present time, OFDFs
resemble prescription (i.e., sildenafil, ondansetron, and risperidone) and
over-the-counter (OTC) medications from many therapeutic groups
(i.e., benzocaine, simethicone, and diphenhydramine) (Sri rekha et al., 2014;
Wasilewska and Winnicka, 2019).

Cetirizine dihydrochloride (CTZ), a powerful second-generation histamine
H-1 antagonist, is useful in the management of allergic rhinitis, chronic
urticaria, and allergic asthma (Patel et al., 2016). It has no drowsiness or
anticholinergic adverse effects, in contrast to many conventional
antihistamines. Although CTZ is rapidly absorbed from the gastrointestinal tract
following oral administration with peak plasma concentrations achieved in
about 1 hour, there are challenges involved with improving the convenience of
CTZ administration for patients, particularly geriatric and pediatric patients.
OFDFs offer a potential solution to this issue by allowing easy swallowing and
releasing the drug into the oral cavity for oral mucosal absorption or
intragastric absorption after swallowing, potentially providing a faster onset of
action for an enhanced therapeutic effect. As a result, CTZ-loaded OFDFs are
also appropriate for patients with acute allergies, such as hay fever,
angioedema, and urticarial during travel due to their ease of administration
and potential rapid onset of action. Hydrophilic polymers are used to form a
film that quickly dissolves on the tongue or buccal fossa, delivering the drug to
the primary diffusion through disintegration when contact with the fluid is made
(Fatima et al., 2021; Seving Ozakar and Ozakar, 2021). To achieve optimal
performance and ensure the safety of the drug when used, ideal OFDFs should
possess certain qualities. These qualities include being flexible, easy to
administer, easy to handle, both physically and chemically stable, and
achieving pharmaceutical equivalence to commercially available oral tablets
with a dosage of 5 mg of CTZ per unit dose. Based on these qualities, the CTZ
film should exhibit specific quality attributes such as being thin, possessing
adequate mechanical strength, showing fast disintegration, and
accommodating a 5 mg drug load within the size range of 1-20 cm?. It has
been observed that these attributes are influenced by the formulation and
process variables employed during the film preparation. For OFDF formulation
variables, film formers and plasticizers are crucial factors in determining the
characteristics of OFDFs. The film-forming features of hydroxypropyl
methylcellulose (HPMC) have been widely studied (Kumar et al., 2013;
Patel et al., 2016). Moreover, it has been reported that HPMC significantly
improved the drug's BSC Class II, i.e., griseofulvin, dissolving characteristics
(Sievens-Figueroa et al., 2012). Additionally, it is widely used as a film former
for commercial OFDF prescription and OTC drugs. Plasticizer is a crucial
component of oral film formulations and is commonly used in concentrations of
0-20% by weight of the dry polymer. Plasticizer contributes to making films
more flexible and less brittle (Jillani et al., 2022). Glycerin is widely used as a
plasticizer for commercial OFDF prescription and OTC drugs (Wasilewska and
Winnicka, 2019; Rani et al., 2021). This study aimed to prepare HPMC-based
OFDFs of CTZ using the solvent casting method. The amount of HPMC and
glycerin as critical material attributes of the films was also optimized for OFDFs.
The critical process parameters (CPPs), including drying temperature and time,
were kept constant for the preparation of all film formulations using the
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solvent-casting method. Consequently, the effects of different CPPs on the film
characteristics were not investigated in this study.

MATERIALS AND METHODS

Materials

HPMC (Methocel F4M, 4000 cps at 2 (%w/w) and 25 °C) was purchased
from Namsiang Co., Ltd, Bangkok, Thailand. CTZ was received as a gift from
Bangkok Lab and Cosmetics Co, Ltd, Ratchaburi province, Thailand. Glycerin,
disodium hydrogen phosphate (Na2HPOs4), sodium dihydrogen phosphate
(NaH2PO4), sodium azide (NaNs), sodium chloride (NaCl), sodium hydroxide
(NaOH), concentrate hydrochloric acid (conc. HCl) were provided from Union
Science Co. Ltd. (Chiang Mai, Thailand).

Preparation of HPMC-based films containing either no drug or CTZ

Prior to preparing the CTZ-loaded film, different formulations of a drug-free
film were fabricated using the solvent casting method. A face-centered central
composite design (FCCD) was performed for the response surface methodology
(RSM) and determined the required number of experimental runs. According to
FCCD, film-forming solutions consisting of HPMC (3%, 4%, or 5% (w/w)) and
glycerin (0%, 5%, and 10 % (w/w) based on the amount of HPMC) were prepared
as summarized in Table 1 and thirteen experimental runs of nine film formulations
were set up as summarized in Table 2. For preparing the film-forming solution
containing the plasticizer, HPMC was dissolved in distilled water (20 ml). Glycerin
was then added to the HPMC solution. The final film formulation was adjusted with
distilled water to obtain the final weight of 25 g. After polymer solubilization, all
film-forming solutions were left under ambient conditions for 48 hours to allow
equilibrium and eliminate air bubbles. An amount of 2.5 g of each of the
homogeneous, clear, and bubble-free film-forming solutions was cast in a
polystyrene Petri dish (60 mm x 15 mm) and subsequently dried under ambient
conditions for 24 hours to avoid quick drying and hence film deformation (Ouda
et al., 2020). After drying, the films were peeled off from the Petri dish and kept
in a sealed polyethylene bag until further characterization in terms of weight,
thickness, folding endurance (FE), and disintegration time (DT).

Table 1. Factors in face-centered central composite design (FCCD) for HPMC-
based film-forming solutions.

Factor Level used

Low (-1) Medium (0) High (+1)
X1; % (w/w) HPMC 3 4 5
X2; % (w/w) Glycerin? 0 5 10

Note: 2based on dry weight of hydroxypropyl methylcellulose (HPMC)

Characterization of HPMC-based films

Film weight
The films (60 mm x 15 mm) were accurately weighed using a 4-digit
analytical balance (AAA 250L, Adam, United Kingdom).
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Film thickness

The thickness of the films was measured from five locations (the sites of four
different points around the film and the middle point) using a Vernier caliper
(Cokraft®, Digital caliper, Sweden) (Alhayali et al., 2019).

Folding endurance

The FE of each of the films was determined by repeatedly folding a film
(1 cm x 3 cm) at the same place until it broke apart or lost its integrity. The FE
value was defined as the number of folds required to break or crack a film
(Elshafeey and El-Dahmy, 2021).

In vitro disintegrating time

The DT of the film was determined using a slide frame method (Gébel et al.,
2021). A film strip (2 cm x 3 cm) was fixed in a slide frame. Deionized water (200
pl) was dropped onto the film. The time required for the water to pass through
the film was recorded and considered as the DT for the film. Based on the entire
unstimulated saliva flow rate, the result is roughly 0.3-0.4 ml/min, and 200 pl of
deionized water represents the volume of saliva per min in the mouth (Iorgulescu,
2009).

Optimization study

The optimal formulation was determined using the RSM-based FCCD. The
response surface behavior was investigated for the response function (Y)
employing the polynomial equation:

Y = Bo+B1X1+B2X2+B11X12+B22X22+ P12X1 X2 (1)

where Y is the predicted response; Bo is constant; Bi1, B2 Bi1, B22, and Bi2 are the
regression coefficients for the independent variables; X1 and Xz are the coded
levels of the corresponding independent variables.

The FCCD experimental data obtained from the evaluations of all the film
formulations (thirteen experimental runs of nine film formulations) were analyzed
using Design-Expert® program version 13 (Stat-Ease, Inc, USA) to assess the
best-fitted models (i.e., linear, 2FI, quadratic and cubic models). Subsequently,
analysis of variance (ANOVA) was performed to determine the significant influence
of independent variables in the best-fitted model. All significant independent
variables effect (P -value < 0.05) were included the best-fitted model.

Preparation and characterization of CTZ-loaded films

Following the determination of the physical properties, the drug-free film
formulations with suitable FE and DT for OFDFs were selected and subjected to
the incorporation of CTZ. CTZ (40 mg) was added to the selected film formulations
by dissolving CTZ in the optimal film-forming solution (4 g). Afterward, the film-
forming solutions containing CTZ were subsequently cast into a Petri dish following
the same process of the drug-free films. The physical appearance, weight,
thickness, FE, and DT of the prepared CTZ-loaded films were evaluated as
described above.

Drug content

The drug content of the films was examined by dissolving each of the
prepared films in a beaker prefilled with 10 ml of distilled water (pH 6.8). After the
films were completely dissolved, the obtained solution was filtered using a 0.22
Mm nylon syringe membrane filter and then analyzed by using the High-
Performance Liquid Chromatography (HPLC) technique. The entire process was
performed in triplicate to obtain the mean drug content (El-Said et al., 2021).
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HPLC analysis

HPLC analysis of CTZ was carried out according to a previously described
method (Souri et al., 2011). A Shimadzu HPLC system, consisting of an isocratic
pump, an autosampler, and a variable UV-vis detector (LC 2050C, Shimadzu,
Japan), was employed. A symmetry C18 column (Hypersil BDS: 4.6 mm x150
mm, 5 pym particle size) was used as the stationary phase. The mobile phase was
a mixture of 50 mM KH2PO4 and acetonitrile (60:40 v/v, pH = 3.5). The flow rate
was 1 ml/min. The injection volume was 20 ul. The wavelength for UV detection
was 230 nm. System suitability parameters of the HPLC method were assessed
prior to using the method in the experiment.

FT-IR analysis

Fourier-Transform Infrared Spectroscopy (FT-IR) analysis was performed on
pure CTZ, HPMC, 1:3 weight ratio of CTZ-HPMC physical mixture, blank film, and
CTZ-loaded film using an FT-IR spectrophotometer (IRAffinity-1S, Shimadzu Co.,
Kyoto, Japan). Prior to sample measurement, a spectrum of atmospheric
composition as a background was collected and applied for background correction.
The samples were placed on a clean crystal of the attenuated total reflection (ATR)
apparatus and then separately scanned in the following experimental conditions:
a spectral range of 4,000-700 cm™; a resolution of 4 cm~! with 45 scans.

Data analysis

Data were statistically analyzed using Sigma Stat software version 3.5
(Systat Software Inc., San Jose, CA, USA). An independent t-test was used to
determine the differences between two-group data. In case of more than two-
group data, one-way ANOVA with post hoc LSD test was performed. A P-value of
less than 0.05 was considered a statistically significant difference.

RESULTS

Preformulation of drug-free films

Prior to drug loading, the optimal HPMC-based films were identified using
FCCD. As summarized in Table 2, nine film formulations obtained from thirteen
experimental runs were fabricated using different amounts of HPMC (3%, 4%,
and 5% (w/w)) and glycerin (0%, 5%, and 10% (w/w)) and then evaluated for
their appearance, weight, thickness, FE and DT.
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Table 2 Formulation of films generated from face-centered central composite
design (FCCD).

Experimental Formulation FCCD coding HPMC Glycerin  Glycerin

run order (F) (X1, X2) (% w/w) (% w/w)? (9)
1 5 (0, 0) 4 5 0.0500
2 5 (0, 0) 4 5 0.0500
3 3 (-1, +1) 3 10 0.0750
4 9 (+1, +1) 5 10 0.1250
5 7 (+1, -1) 5 0 0.0000
6 5 (0, 0) 4 5 0.0500
7 5 (0, 0) 4 5 0.0500
8 8 (+1, 0) 5 5 0.0625
9 6 (0, +1) 4 10 0.1000
10 4 (0, -1) 4 0 0.0000
11 1 (-1, -1) 3 0 0.0000
12 2 (-1, 0) 3 5 0.0375
13 5 (0, 0) 4 5 0.0500

Note :FCCD face-centered central composite design, HPMC:hydroxypropyl methylcellulose. @ based on dry weight of HPMC

The visual inspection demonstrated that all films (F1-F9) were
transparent and smooth (Figure 1), which was similar to the appearance of the
HPMC-based film reported by Phalguna et al. (2019).

Figure 1. Appearance of films prepared using various concentrations
of hydroxypropyl methyicellulose (HPMC) and glycerin: (a) F1, (b) F2,
(c) F3, (d) F4, (e) F5, (f) F6, (g) F7, (h) F8 and (i) F9.

Open access freely available online NAT. LIFE SCI. COMMUN. 2024. 23(1): E2024007




N LS Natural and Life Sciences Communications: https:// cmuj.cmu.ac.th

Characteristics of prepared HPMC-based films

Weight: The weight of the films ranged from 57 to 109 mg. An increase
in film weight can be attributed to the increased HPMC content in the film
casting solution. The amount of glycerin in the film has an insignificant effect
on the film weight. The average weight of all the films is given in Table 3.

Table 3. Characteristics of the prepared hydroxypropyl methylcellulose (HPMC) films.

Run HPMC Glycerin (% Thickness Dry weight FE DT

(% w/w) HPMC mass) (pm) (mg)? (times) (s)
1(F1) 3 0 22+1 57 +3 42 + 5 99 + 13
2(F7) 5 38 £ 2 96 + 1 17+1 478 + 21
3(F3) 3 10 24 £ 2 61 +4 156 + 8 113 + 48
4(F9) 5 10 40 + 2 109 £ 2 70+ 9 363 + 87
5(F2) 3 25+ 4 58 + 8 71 + 20 114 + 20
6(F8) 5 37 +£3 101 £ 2 44 £ 9 252 + 67
7(F4) 4 0 30 £ 2 75+ 2 30+ 8 174 + 36
8(F6) 4 10 32+ 3 85+ 2 124 £ 8 203 £ 16
9(F5) 4 5 31+£2 80 + 3 86+ 6 185 + 26
10 4 5 29 +£1 81+2 75 £ 12 160 + 21
11 4 5 303 79 £ 1 837 188 + 61
12 4 5 30+ 3 78 £ 4 80 £+ 22 241 £ 97
13 4 5 29 £ 1 77 £ 3 83 £ 32 218 £ 42

Note :HPMC hydroxypropyl methylcellulose, FE folding endurance, DT disintegration time, 2 dry weight per 19.64 cm? film

Thickness: The thickness of all film formulations was between 22 to 40
pm (Table 3); this result did not exceed the typical range of 5-200 pm for
OFDFs. Exceeding the typical range could bring discomfort to the patient
(Lai et al., 2018).

FE: The FE of the HPMC-based films prepared was determined to be
42-156, 30-124, and 17-70 times for 3% (F1-3), 4% (F4-F6), and 5% (F7-F9)
(w/w), respectively, as presented in Table 3. The FE of the prepared films was
increased by increasing the glycerin.

DT: DT is a desirable characteristic of films that dissolve in less than
60 s. The DT of all film formulations ranged from 99 £ 13 to 478 £ 21 s as
their compositions were altered in terms of the HPMC contents and the amount
of GCR as summarized in Table 3.

According to the characteristics of film data, the RSM plots were
generated as shown in Figure 2. The RSM plots showed that the quality
attributes of film, including weight (Figure 2a), thickness (Figure 2b),
FE (Figure 2c), and DT (Figure 2d) as a function of HPMC and glycerin
concentrations. To select the optimal film formulation comprising HPMC and
glycerin, data were fitted to the statistical model as summarized in Table 4.
The best-fitted models were a two-factorial interaction (2FI) model for weight
(R2 =0.9954), a linear model for thickness (R* = 0.9651), a 2FI model for
FE (R? =0.9334), and a linear model for DT (R? = 0.7479). Through ANOVA
analysis of the best-fitted models, significant variables (P-value < 0.05) were
incorporated in the equations with the positive sign indicates the increase in
the response due to the corresponding factor.
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Figure 2. Surface response plots: (a) film weight, (b) film thickness, (c) film
folding endurance (FE), and (d) film disintegration time (DT) determined by the
slide frame method.

From the plots, it was noted that a lower polymer concentration was
required to obtain low DT (20-30 s), while the plasticizer effect was trivial.
However, at higher polymer concentrations, higher plasticizer concentration
was preferred for lower DT (Figure 2d). A similar result was observed for HPMC-
based films with glycerin incorporation greater than 1.5 % w/w as reported by
Irfan et al. (2016). Such results can be explained by the effect of the plasticizer
on polymer interaction and the higher hydrophilicity of the film. Varying
polymer and plasticizer concentrations did not produce films outside the
targeted range for content uniformity and/or thickness uniformity. The goal of
optimization was to find the best film compositions for producing HPMC-based
oral film with a minimum diameter. Therefore, according to the final RSM
equation (Table 4) and the preliminary tests, the HPMC and glycerin
concentrations were set within the range studied (Table 2) while the responses
were fixed at the minimum for thickness and DT and at the maximum for FE.
Based on the results obtained from the response surface plot, optimal
formulation parameters within the independent variables that reveal the ranges
that could result in optimal responses (adequate FE of close to 300 times and
low DT of fewer than 60 s) (Yir-Erong et al., 2019; Rani et al., 2021).
F3 provided desired responses with the highest FE and lower DT when
compared with all prepared film formulations. Thus, F3 was selected to prepare
the CTZ-loaded film.

Open access freely available online NAT. LIFE SCI. COMMUN. 2024. 23(1): E2024007




N LS Natural and Life Sciences Communications: https:// cmuj.cmu.ac.th

Table 4. Regression analysis for four responses of films.

Predicted Adjusted Std

Response Model R2 R2 R2 Dev Regression equation?
Weight 2FI 0.9954 0.9873 0.9935 139  79.77 + 21.67X; + 4.50Xz+
2.25X1X2
Thickness  Linear 0.9651 0.9383 0.9564 122 30.54 +7.33Xi
73.92 - 23X; + 43.50Xz -
FE 2F  0.9334  0.8398 0.9049 1255 1;25 x1x23 Lo 43306
DT Linear 0.7479 0.3979 0.6848 6456  214.46 +127.83X;

Note: 2FI two-factorial interactions, FE folding endurance, and DT .disintegration time.
a X1 and Xz are concentrations of HPMC and glycerin, respectively

Characteristics of CTZ-loaded films and drug contents

CTZ was added to a film to obtain a 1 mg/cm? sample. The appearance
of the CTZ-loaded film is shown in Figure 3. The weight and thickness of the
CTZ-loaded film were 66 £18 mg and 32 £ 4 ym. The FE and DT of the CTZ-
loaded film were 58 £ 17 times and 53 £ 22 s. The CTZ-loaded film was heavier
and thicker than the blank film (Figures 4a and 4b). However, the CTZ-loaded
film showed less FE and shorter DT than the blank film (Figures 4c and 4d).
This was due to CTZ being very soluble, resulting in a more soluble film
obtained after adding CTZ (Katewongsa et al., 2017). The drug content of the
CTZ-loaded film was determined. Using HPLC analysis, the chromatogram peak
of the CTZ-loaded film was observed at 3.9 min. The concentration range of
1-20 pg/ml of CTZ was used as the working standard curve. The results
showed that the CTZ content in the OFDF films was 0.84 + 0.14 mg/cm?. Drug
recovery in the OFDF films was 8414 %.

Figure 3. The appearance of hydroxypropyl methylcellulose (HPMC)
films (F3): (a) cetirizine (CTZ)-loaded HPMC film as compared with (b)
blank HPMC film.
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Figure 4. Physical properties of blank and cetirizine (CTZ)-loaded
HPMC film based on F3: weight (a), film thickness (b), folding
endurance (FE) (c), and disintegration time (DT) (d). The data
represent the mean + SD (n = 3). Asterisk symbols (*) indicate
statistically significant differences as compared to the blank film
(P < 0.05).

FT-IR analysis

To confirm the absence of any possible chemical interactions between the
drug (CTZ) and film matrix (HPMC), a drug-excipient compatibility study was
conducted using FT-IR analysis. Figure 5 shows the spectra of the samples
studied. Pure CTZ showed the characteristic FT-IR band of the carbonyl (C=0)
group at 1736 cm™ (Figure 5a), which is in agreement with the carboxyl group
of CTZ at 1737 to 1739 cm~! reported in previous studies (Paczkowska et al.,
2018; Kumar et al., 2019). The C=0 band of the pure drug was not found in
the spectra of the HPMC (Figure 5b) and the blank film (Figure 5d). However,
it was found in the spectra of the physical mixture of CTZ and HPMC (at a
weight ratio of 1:3) (Figure 5c¢) and the CTZ-loaded film (Figure 5e), indicating
that CTZ was in a free state in the prepared film. As compared with the pure
drug and the physical mixture, only a minor change in intensity of the C=0
band in the CTZ-loaded film was observed. This might be due to the hydrogen
bonding between the drug and polymer as previously reported by Pamlényi
et al. (2021). According to the previous report, the carboxyl group of CTZ can
form hydrogen bonds with the hydroxyl group of HPMC resulting in the
decreased peak intensity of the drug in the polymer film (Pamlényi et al.,
2021). Based on the FT-IR result, it suggests that there is a lack of interaction
between CTZ and HPMC in the CTZ-loaded film prepared in the present study,
in which CTZ remains free and compatible with HPMC after film preparation.

NAT. LIFE SCI. COMMUN. 2024. 23(1): E2024007
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Figure 5. Fourier transformed infrared (FT-IR) spectra: pure CTZ (a),
HPMC (b), a physical mixture at 1:3 weight ratio of CTZ and HPMC (c),
blank film (d) and CTZ-loaded film (e).

DISCUSSION

This study developed and optimized oral dissolving films using HPMC and
glycerin as a film-forming polymer and plasticizer, respectively. Based on the
scientific literature, HPMC was selected as the film-forming polymer due to its
hydrophilic and non-ionic nature, which facilitates rapid hydration of the
prepared films upon contact with saliva, resulting in quick dissolution and
compatibility with drugs (Dahmash et al., 2021). Glycerin was used as a
plasticizer due to its small molecular weight, allowing it to easily penetrate and
insert between the polymer chains, thereby significantly impacting the
mechanical properties of the films (Bourtoom et al., 2008). Central composite,
Box-Behnken, and full factorial designs are frequently used for drug
formulation development and optimization. Among these designs, the central
composite design requires a smaller number of experiments but it can provide
information exclusively on the effect of experiment variables and no need for
a three-level factorial experiment for building a second-order quadratic model
(Beg et al., 2021, Bhattacharya et al., 2021, Raki¢ et al., 2014). Therefore, the
FCCD was used in the present study to systematically characterize and optimize
the CTZ-loaded film based on the HPMC and glycerin concentrations. Nine blank
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HPMC film formulations were prepared over 13 experimental runs and then
evaluated for their appearance, weight, thickness, FE, and DT. To confirm the
consistency of prepared films and the amount of the drug in the film,
the determination of film thickness and film weight was conducted. The FE test
has been suggested to relate to not only determining the strength but also the
elongation during the tensile test, which is more suitable for clarifying the
actual strength during the manufacturing and dosing processes (Takeuchi
et al., 2020). Accordingly, only FE was evaluated for the films prepared in the
present study. During the formulation screening for optimization, if the
formulation demonstrates favorable FE properties, it is likely that the tensile
strength will also be good. The performance of oral films appeared to depend
strongly on the film thickness. Takeuchi et al. (2018) studied the effect of film
thickness ranging from 10 to 80 pum on DT and reported that the DT of the films
increased as the film thickness increased. Our DT result is in good agreement
with the previous study, which reported that increasing the concentration of
polymer (HPMC) leads to a longer DT of the films. Accordingly, keeping the
thickness of the CTZ-loaded films as thin as possible will allow the films to
disintegrate and release the incorporated CTZ quickly, facilitating the fast onset
of action when used. The RSM data confirmed that the amount of HPMC is a
major factor in film weight, film thickness, and DT, whereas the amount of
glycerin is a major factor on the FE of the obtained films. The best-fitted models
were a 2FI model for weight and FE, and a linear model for thickness and DT.
ANOVA analysis of best-fitted model suggested that both the weight and FE of
the film were significantly influenced by HPMC, glycerin, and their interaction,
whereas HPMC alone significantly impacted on thickness and DT of the resulting
film. The positive and negative signs indicate the increase and decrease in the
response due to the corresponding factor, respectively as shown in Table 4.
The RSM data of film thickness are represented in Figure 2b. It explains
that the films produced from 3% w/w HPMC (F1-F3) were thinner than those
produced from 4 %w/w (F4-F6) and 5 %w/w HPMC (F7-F9). At each
concentration of HPMC, the thickness of the film slightly increased as a function
of glycerin concentration. Based on the regression analysis, the equation
suggested a greater effect of HPMC concentration on the film thickness
compared with glycerin concentration, supporting that the thickness of the
films is directly related to the HPMC concentration in the film formulation. The
effect of HPMC concentration on film thickness can be attributed to a higher
solid content of polymer in the film (Rani et al., 2021). As shown in Figure 2c,
the FE followed a 2FI model. Amongst the two constituent films, HPMC
negatively impacted the flexibility of the films, whereas glycerin enhanced the
flexibility of the films. Additionally, the interaction between HPMC and glycerin
was observed for its positive effect on FE. In general, the tensile strength of
dried films depends upon the polymer mass, film thickness, and concentration
of the plasticizer. The results indicate that HPMC and glycerin as independent-
variable factors impact the film quality, which is in agreement with previous
studies (Baniya et al., 2020). It was clearly observed that the FE was affected
by the concentration of the plasticizer. It is assumed that glycerin decreases
the internal hydrogen bonding between polymer chains, therefore triggering
polymer chain relaxation in turn, resulting in the flexibility of polymer films
(Irfan et al., 2016). The response surface plots of the DT are represented in
Figure 2d. It was observed that the DT generally increased with HPMC
concentration but decreased with glycerin concentration. In order to find
optimum formulations, the simultaneous optimization of all responses was
carried out. Values of thickness (< 200 um) and DT (£ 60 s) and FE (> 300
times) are ideally preferred for film optimization. Based on the obtained results
in this study, all film formulations had an acceptable thickness (22-40 um); so,
DT and FE were considered for optimization. However, it is important to note
that the model of RSM optimization generally provides a good fit for the range
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of independent variables used to establish the model. The actual experiment
did not reach the desired DT (< 60 s) and FE (> 300 times) and is then unable
to create design space for optimization within these limits. Consequently,
the optimized formulation was selected by setting the criteria of film
quality attributes to a minimum for DT and to a maximum for the FE.
The Design-Expert® program suggested four film formulations consisting of
HPMC 3.0% (w/w) and glycerin 3.13-10% (w/w). Among these formulations,
HPMC 3 % (w/w) and glycerin 10% (w/w polymer mass) (F3) had the least DT
(113 £ 48 s) and the highest FE (156 + 8 times). Additionally, the marketed
OFDFs hold a <30 s DT with sufficient tensile strength (19-21 N/mm?), FE (=6),
and % endurance (8-10%) (Wasilewska and Winnicka, 2019; Rani et al.,
2021). Thus, the film fabricated from HPMC 3 % (w/w) and glycerin 10%
(w/w polymer mass) (F3) was identified as the optimal film formulation for
preparation of CTZ-loaded films according to achieving the highest FE and the
lowest DT based on the data obtained in the present study. The FE of the
prepared CTZ-loaded film was approximately 60 times and the DT of the
prepared CTZ-loaded film was less than 60 s. Currently, there are no official
guidelines available for determining the disintegration time of oral dissolving
films. However, published studies have often applied the disintegration time
requirements specified for orodispersible tablets, such as within 30 s required
by the FDA or 180 s by the European Pharmacopoeia, to oral dissolving film
(U.S. Food and Drug Administration (FDA), 2018; European Pharmacopoeia,
2016). In our study, the DT-optimized CTZ-loaded film (53 £ 22 s) met the
criteria set by the European Pharmacopoeia, indicating its potential for
achieving good compliance in clinical applications. Also, the DT result
indicated that the prepared CTZ-loaded films met the criteria for OFDFs as
previously described (Baniya et al. 2020; Rani et al., 2021). Using the HPLC
technique, the results showed that CTZ content in the film was
0.84 = 0.14 mg/cm?. Thus, six CTZ-loaded film were required for a 5 mg (dose
= 5-10 mg/day). However, CTZ recovery in the film was approximately 84%.
This might be due to the variation in film weight and film thickness of CTZ-
loaded film. More randomly prepared films should be tested in future drug
content studies. Also, a minor interaction between CTZ and HPMC occurred as
shown in Figure. 5. Thus, CTZ-loaded film lie out of the range of 85-115% of
the label criteria of the United States Pharmacopeia (USP 41). The empirical
results reported in this study demonstrate that the optimized CTZ-loaded film
with an area of 5.95 cm? (6 cm?) might have the potential to serve as an
alternative oral dosage form for a 5 mg CTZ tablet. However, in order to
establish the film's feasibility, it is essential to conduct comparative studies
against a commercially available CTZ tablet. These studies should encompass
various aspects, including dissolution, caco-2 cell-based permeability, and
potentially in vivo permeation.

CONCLUSION

The prepared OFDFs have an advantage over the traditional CTZ
formulation in terms of drug administration accuracy and adaptability. In this
study, the preparation of CTZ-loaded film formulations was achieved. An
optimization approach through the design of experiments was adopted to
optimize formulation parameters in the preparation of CTZ-loaded film with
desirable properties. The weight, thickness, and DT of films increased with
increases in the amount of HPMC, whereas the FE of the prepared film
decreased with increases in the amount of HPMC. To determine the effect of
glycerin, the weight, thickness, FE, and DT of films were increased with
increases in the amount of glycerin. However, an increase in the amount of
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glycerin did not significantly impact the weight, thickness, and DT of the film.
While the thicknesses of all the prepared blank films meet the criteria of OFDFs,
the FE and DT of all the prepared blank films do not meet the criteria of OFDFs.
The optimal film formulation was achieved using 3% w/w HPMC as the film
former, with a minimum of 10% glycerin (w/w on a polymer mass) as a
plasticizer. The CTZ content in the film was 0.84 + 0.14 mg/ cm?. The CTZ-
loaded film lies out of the acceptance range of the label criteria of the USP.
However, the optimized film could be evaluated further for drug release and
drug permeation.
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	Figure 1.  Appearance of films prepared using various concentrations of hydroxypropyl methylcellulose (HPMC) and glycerin: (a) F1, (b) F2, (c) F3, (d) F4, (e) F5, (f) F6, (g) F7, (h) F8 and (i) F9.
	Characteristics of prepared HPMC-based films
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	Table 4. Regression analysis for four responses of films.
	Characteristics of CTZ-loaded films and drug contents
	CTZ was added to a film to obtain a 1 mg/cm2 sample. The appearance of the CTZ-loaded film is shown in Figure 3. The weight and thickness of the CTZ-loaded film were 66 ±18 mg and 32 ± 4 µm. The FE and DT of the CTZ-loaded film were 58 ± 17 times and ...
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	DISCUSSION
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