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SUMMARY

A fast-dissolving dosage form is an approach used to improve
therapeutic efficacy and bioavailability by avoiding the first-pass
metabolism of the drug carrier. Besides, the approach causes rapid
drug absorption from the pre-gastric area which may outcome in the
quick inception of action. Trimetazidine dibydrochloride (TDC)
is an anti-anginal drug, and there is a prerequisite to provide fast
onset of action to trear angina. Therefore, the present work aimed
to prepare and evaluate fast-dissolving oral films (FDOFs) of TDC
to provide fast onset of action. The FDOF is prepared by using the
solvent casting method, and it was optimized by employing a central
composite statistical design (CCD). The two independent variables
such as HPMC K4M (X1) and PEG 400 (X2) are the film-forming
polymers that are evaluated ar three levels. The dependent variables
such as folding endurance (Y1), disintegration time (Y2), and %
drug release (Y3). The formulation was prepared and optimized.
The batch F-4 showed the least disintegration time (19 s) and
the highest drug release (98.55+7.90%). Moreover, the ex-vivo
mucus permeation study disclosed better permeation and satisfying
physicochemical properties compared to plain drug solution. It was
concluded that the prepared formulation could be a novel dosage
Jorm to improve drug delivery and patient compliance.

Key Words: Anti-anginal, CCD, ex-vivo permeation, fast dissolving
oral film, solvent casting method, trimetazidine dibydrochloride.

Merkezi Kompozit Dizayna ile Trimetazidin Dibidroklorit Yiiklii
Hizli Ciziinen Film Gelistirilmesi

0z

Hizls ciziinen dozaj formu, ilk gecis metabolizmasini elimine ederekilag
tagyic sistemin terapitik etkinligini ve biyoyararlanimin: gelistirmek
amactyla kullanilan bir yaklasimdir. Ayrica, bu yaklasim etkinin hizl
bir sekilde baglamastyla sonuglanabilecek olan mide incesi bilgeden
hizly ilag emilimine neden olur. Trimetazidin dibidrokloriir (TDC)
anti-anjinal bir ilagtir ve anjina tedavisi icin higle etki baslangic:
saglanmast bir on koguldur. Bu nedenle, mevcut caligmada Izl etki
baslangicr saglamak icin TDC'nin hizls ¢oziinen oral filmlerinin
(FDOFs) hazirlanmas: ve degerlendirilmesi amaglanmagtir. FDOE
cozeltinin dikiilmesi metodu ile hazirlanmistir ve merkezi kompozit
istatistiksel tasarim (CCD) uygulanarak optimize edilmistir. HPMC
(K4M) (X1) ve PEG 400 (X2) gibi iki bagimsiz deisken, ii¢ seviyede
degerlendirilen film olusturma polimerleridir. Katlanma sayis: (Y1),
dagilma siiresi (Y2) ve % ilag salimi (Y3) bagimly degiskenlerdir.
Formiilasyon hazirlanmis ve optimize edilmistir. Seri F-4 en fkisa
dagilma siiresini (19 s) ve en yiiksek ilag salmini (%98,55+7,90)
gostermigtir. Ayrica, ex-vivo mukus permeasyonu ¢aligmast, bos ilag
cozeltisine kuyasla daba iyi permeasyon ve tatmin edici fizikokimyasal
ozellikler ortaya  koymustur.  Hazirlanan  formiilasyonun  ilag
taginmasini ve hasta wyumunu gelistirmek igin dzgiin bir dozaj formu
olabilecegi sonucuna varilmistar.

Anabtar Kelimeler: Anti-anjinal, CCD, ex-vivo permeasyon,
higls ¢oziinen oral film, solvan dikme metodu, trimetazidin

dihidrokloriir.
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INTRODUCTION

Among the numerous routes of drug administra-
tion, the oral route is considered the most convenient,
and preferred route of administration (Al-Ani, 2019).
It contributes to 50-60% of total drug formulations.
However, the administration of conventional dosage
forms via the oral route is allied with various short-
comings like presystemic metabolism, poor absorp-
tion, bioavailability, non-localized action, and patient
noncompliance etc (Masih A, 2017; Al-Mogheraha,
2020). In addition, the administration of dosage forms
especially tablet through oral is challenging (dyspha-
sia; difficulty in swallowing) and is a general problem
in all age groups, particularly the elderly and pedi-
atrics, because of physiological changes linked with
these patients. Therefore, there is an unmet need to
find out alternative oral dosage forms to overcome the
aforementioned challenges (Logrippo, 2017; Bharti,
2018).

Fast dissolving oral film (FDOF) can be a suitable
dosage form that would overcome the above challeng-
es in oral delivery, and it is gaining more attention in
the pharmaceutical industries. FDOF is a thin strip
or film which is placed on the tongue where it gets
disintegrates and dissolves quickly in the presence of
saliva and undergoes rapid absorption through oral
mucosa (Bose, 2013). FDOF offers various benefits
including its suitability for bedridden, mentally dis-
abled, and emetic patients. Besides, FDOF undergoes
rapid dissolution or disintegration in the absence of
water within a few seconds only and produces a fast
onset of action (Binfeng, 2015; Bharti, 2018; Balaa,
2018). The system avoids degradation in the gastro-
intestinal tract and the first-pass effect as the drug is
directly absorbed into the systemic circulation results
in maximum bioavailability of the drug. In addition,
another chief advantage of FDOF is in cancer chemo-
therapy patients immediately treat nausea and vom-
iting-related side effects of chemotherapy by eliciting
rapid onset of action, and improving patient compli-

ance towards therapy. Furthermore, it can produce a
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local effect in toothaches, oral ulcers, cold sores, or
teething thereby reducing the side effects. Also, the
FDOF increases patient compliance owing to the ease
of administration (Ahn, 2015; Bharti, 2018).

Trimetazidine, also known as 1-[(2, 3, 4-trime-
hydrochloride

(TDC), is a medically active antiangiogenic agent

thoxyphenyl) methyl] piperazine
used to prevent and treat angina pectoris, as well as
ischemia of neuron sensory tissue in Meniere’s disease
(Chaudhary, 2016). Nevertheless, TDC undergoes
rapid systemic metabolism after oral administration
in the form of a tablet that causes a decrease in bio-
availability. The conventional tablet formulations of
TDC available in the market may have a slow onset of
action and low bioavailability. As it is an anti-anginal
drug therefore fast onset of action and better bioavail-
ability is desired to treat angina efficiently. Previous
research studies reported that TDC is given at a dos-
age of 40 to 60 mg per day, and it is rapidly absorbed
and eliminated, with a plasma half-life of ¢, , 6.0+1.4
hours and a T max of 1.80+7 hours. Because of the
rapid absorption, the plasma level is very low at the
time of the next dose, resulting in a large difference
in peak and trough plasma levels at a steady state. To
achieve this, a 20 mg preparation is given two or three
times per day to maintain a relatively constant plasma
level (Habib, 2014; Dezsi, 2016; Wang, 2016).

The range of hydrophilic polymers employed
in the preparation of FDOF is cellulose derivatives
(hydroxypropyl methylcellulose (HPMC), methyl-
cellulose), polyethylene glycol (PEG), pullulan, poly-
vinylpyrrolidone (PVP), etc. The HPMC and PEG
are enormously used polymers owing to their good
film-forming properties. In addition, both polymers
are widely accepted. Furthermore, they form highly
transparent, tough, and flexible films with the aid of
aqueous solutions (Zayed, 2019).

Nowadays, quality by design (QbD) is a widely
used approach in the optimization of pharmaceutical
formulation. The optimization of formulation using

a design of experiment (DoE), a part QbD can help
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in the reduction of batches, cost, and improvement of
overall quality of the formulation (Nair, 2018). Thus,
the objective of the present research was to develop
and optimize the TDC-loaded FDOF for the treat-
ment of angina pectoris effectively. Further, the main
effects, interaction effects, and quadratic effects of the
formulation excipients on dependent variables (re-
sponses) such as folding endurance, disintegration
time, and % drug release were investigated using the

design of the experiment (DoE).
MATERIALS AND METHODS
Materials

TDC was provided as a gift sample from, Cipla
Pvt. Ltd. Verna, Goa, India. HPMC K4M, Sodium
starch glycolate was obtained from S. D. Lab chemical
center, Mumbai. Cross povidone, Citric acid, Polyeth-
ylene glycol (PEG) 400, Tween 80, and Peppermint oil
were obtained from Molychem Industries, Mumbai.
All other ingredients were used as film base materials

in analytical grade without further modifications.

Methods

Drug-excipients compatibility study

Possible physicochemical interaction of the TDC
with polymers and other excipients (1:1 ratios) used
in the formulation was investigated to assess the com-
patibility between them in the FDOFs using Fouri-

er Transform Infrared (FTIR) spectroscopy (Karki,
2016).

TDC-loaded FDOF

The solvent casting method was used to prepare
the TDC-loaded FDOE. Briefly, the polymeric solu-
tion was prepared by dissolving a specific amount of
HPMC K4M in 70% of distilled water with continu-
ous stirring (Solution A). Then the desired amount
of TDC, PEG 400, and tween 80 was dissolved in 30%
of distilled water (Solution B). Next, solution A was
added slowly to solution B with continuous stirring
and set sideways for 30 min for defoaming. Finally,
after defoamation, the solution was poured into petri
plates and dried in a hot air oven at 45° C. Then the
casted film was cut into a suitable size and shape and
characterized (Table 1) (Binfeng, 2015; Balaa, 2018;
Verma, 2018).

Table 1. Formulation batches of fast dissolving film of TDC

Ingredients F1 F2 F3 F4 F5 Fé6 F7 F8 F9
TDC (mg) 20 20 20 20 20 20 20 20 20
HPMC K4M (mg) 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0
PEG 400 (mL) 11 12 13 14 15 16 17 18 19
Crospovidone (mg) 3 3.5 4 4.5 5 5.5 6 6.5 7
Citric acid (mL) 2 2 2 2 2 2 2 2 2
Tween 80 (mL) 2 2 2 2 2 2 2 2 2
Peppermint oil (mL) 2 2 2 2 2 2 2 2 2

* All values in the table are expressed in mg and mL

Optimization of FDOFs by using DoE
Central composite design (CCD)

An experimental design is a concept of the careful
balance between several variables affecting in the ex-
periment. To decrease the number of trials and attain
the highest amount of information, central composite

design (CCD) is applied, for further optimization of

design responses, and several batches were prepared
by using Design-Expert software Version 12.0. A to-
tal of 9 runs were presented including centre points.
CCD is a popular experimental design for optimizing
process variables and determining regression mod-
el equations and operating conditions from eligible
experiments. It is based on a multivariate nonlinear

model. It can also be utilized to look at the inter-
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play of the various parameters that affect the process
(Khabade, 2017).

In this study, a 3> Central composite statistical de-
sign was used. Two independent variables are evalu-
ated in this design, each at three levels. HPMC K4M
(X,) and PEG 400 (X,) concentrations were chosen
as factors (independent variables). As responses (de-
pendent variables), folding endurance (Y,), disinte-
gration time (Y,), and percent drug release (Y,) were
chosen. The data was processed with the trial software
Design-Expert Version 12.0 and statistically analyzed
with ANOVA (analysis of variance). The data was
also subjected to a 3-D surface response methodol-
ogy (RSM), which was used to evaluate the effects of
HPMC K4M and PEG 400 on dependent variables.

Further, the effects of factors on responses were ana-

lyzed using the 2FI statistical model developed by 32
CCD for optimization (Maheswari, 2014; Navamani-

subramaniana, 2018).

Y= bo + bIX1 + bZX2 +b XX + b4X21 + b5X22+

312
b, XX, +b X X,

The dependent variable is Y, the intercept is b,
and the regression coefficients are b, b, b,, b,, and
b.. Individual effects are X, and X,, quadratic effects
are X, and X, , and the interaction effect is X X,. To
determine the model’s and individual response pa-
rameters’ significance (P< 0.05), a one-way ANOVA
was used. The effect of an independent variable on the
measured responses was investigated using surface
response plots (3-D) and contour plots (2-D) (Patel,
2014; Pethe, 2016).

Table 2. Variables used for the optimization of TDC-loaded FDOF

. Low High Low Medium High
Factors Name Unit Type Actual Actual Coded Coded Coded
X, HPMC K4M Mg Numeric 10 15 -1 0 1
X, PEG 400 Mg Numeric 10 20 -1 0 1
Responses Name Units Remark Analysis Min Medium Max
Y, E Folding Numbers 9 Polynomial 77 102.5 128
ndurance
Y, DT Sec 9 Polynomial 19 345 50
Y, % Drug % 9 Polynomial 74 96.5 97
release

Evaluation of formulated FDOFs
Appearance

The morphological character was studied by the
visual inspection of the film’s appearance.

Thickness

A digital vernier caliper was used to measure the
thickness of the film in five different locations. Finally,
each fast-dissolving film formulation’s average thick-
ness and standard deviation were calculated (Balaa,
2018).

Weight variation test

The experiment was carried out on drug-load-
ed films with a diameter of 2x2 cm? The films were

weighted individually on a digital balance, and the av-
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erage weight for each batch was recorded (Patel, 2014;
Khabade, 2017).

The pH of surface

The film was placed in a petri dish for examina-
tion. Briefly, the film was moistened with 0.5 mL of
simulated saliva buffer (pH 6.8) and left for 30 sec-
onds. After, the pH is measured with a digital pH me-
ter by immersing the electrode in the formulation and
allowing 1 minute for equilibration. The calculation
was repeated three times, determining the average
value (Khabade, 2017; Bharti, 2018).

Folding endurance

The film was evaluated for folding endurance.
Briefly, the film was folded with a consistent cross-sec-

tional area and thickness before breaking. The number
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of times the film could be folded at the same location
without breaking was calculated as the folding endur-
ance value. This test ensures the film’s tensile strength
(Shimoda, 2009; Khabade, 2017; Bharti, 2018).

Drug content and content uniformity

The drug content and content uniformity were
calculated by taking a (2x2 cm?) diameter film from
each formulation into a 100 mL volumetric flask and
filling it with phosphate buffer at pH 6.6. It was left for
1-2 hours before the drug content was measured us-
ing a UV spectrophotometer at 269 nm wavelengths.
The experiments were repeated three times, and the

average results are shown in Table 3 (Singh, 2005).
Percent elongation (%), and tensile strength

The mechanical properties [% elongation at break
(% EB) and tensile strength (TS)] of the film were deter-
mined by using the Santam testing machine (STM 20,
Iran). The maximum deformation of the film without
tearing is expressed in percent EB. The TS results indi-
cated that, the film’s optimum capacity to resist stress
without tearing. This method involves clamping a film
of a particular size (2x2 cm?) between two clamp levers
on the equipment and applying a 2 mm/min extension
force to the film. At the time of tearing, the load at fail-
ure (F) and final length (L) were measured. The percent
EB and TS were eventually determined using the follow-

ing equations (Deswati, 2016):

% Elongation (cm %) = ((L - L0) * 100) / LO
Where, (L: length, L0: Initial length)

Tensile strength (N/cm?) = (F* 100) / (t * w)
Where, (F: failure, t: thickness, w: width)

Disintegration time (DT)

The DT limit prescribed for orally disintegrating
tablets as per CDERs is 30 seconds or less for FDOFs
(fda.gov.2018), while no official rules are described for
OFDFs. In this study, a Pharmacopoeial disintegrating
test device will be used (Sadhukhan, 2016; Bharti, 2018).

In-vitro drug release study

The in-vitro drug release study was conducted in
900 mL simulated saliva (pH 6.8) held at 37 +0.5°C

and stirred at 50 rpm using the USP dissolution test
apparatus II (paddle apparatus). The film was cut into
a 2 x 2 cm? patch and submerged into the dissolving
apparatus. 1 mL of aliquot samples was withdrawn
at 1, 2, 3, 4, and 5 min time intervals, filtered, and
analyzed spectroscopically at 269 nm (Bharti, 2018;
Zayed, 2019; Al-Mogheraha, 2020).

Ex-vivo permeation study

The goat buccal mucosa was used as a barrier mem-
brane in this research. A local slaughterhouse provided
the buccal pouch of a freshly slaughtered goat animal.
The buccal mucosa was cut evenly and excised from
the sides. Then, it was immediately washed in isotonic
phosphate buffer (pH 6.6) and used.

The ex-vivo permeation study of a plain drug, opti-
mized fast dissolving film of TDC and Quicobal® film
through an excised layer of goat buccal mucosa was
carried out using the Franz diffusion cell. The topside
of each formulation’s (2x2 cm?) diameter film under
analysis was coated with aluminum foil as a back-
ing membrane and put in intimate contact with the
excised goat buccal mucosa. The magnetic bead was
mounted in a 30 mL pH 7.4 phosphate bufter-filled
receptor compartment. A magnetic stirrer was used
to stir the contents of the cells, and a temperature
of 37£1°C was maintained during the experiment.
The samples were taken at regular intervals, filtered,
appropriately diluted, and then spectrophotometri-
cally analyzed at 269 nm and, the percent drug per-
meated was calculated and plotted against time (Se-
malty, 2008; Tomar, 2012; Xin, 2014; Chonkar, 2016;
Suryawanshi, 2021).

Stability study

Under various environmental conditions, the sta-
bility of the formulated FDOFs was investigated and
the measurements were done by storing the film un-
der controlled conditions at 40+2 °C and 75+5% RH
for three months in a stability chamber according to
the ICH guideline (Raza, 2019). During the storage
period, various evaluating parameters like thick-

ness; morphological properties, disintegration time,
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drug content, surface pH, and dissolution behavior
are checked (Dandagi, 2013;Izhar, 2015; Khan, 2016;
Bharti, 2018).

RESULTS AND DISCUSSIONS
Drug excipients compatibility study

The FTIR spectra of TDC, HPMC K4, and their
physical mixture are shown in Figure 1. In the FTIR
spectra of pure TDC, characteristic peaks were ob-
served at 3566 cm™’, 2938 cm™!, and 1500-1600 cm™
which are attributed to O-H stretching, C-H stretch-
ing and C-O stretching vibrations respectively. The
FTIR of HPMC K4 showed characteristic peaks at

TDC

HPMCEK4M

1615, 1465, and 1452 cm™ indicating C=C stretching,
C-H bending in alkane and C-H bending in aldehyde
respectively. The FTIR of the film displayed character-
istic peaks at 3292 cm™, 1738 cm™"and 1047 cm™, in-
dicating-OH and C-O stretching vibrations of TDC.
Besides, the peak at 2928 cm™ indicates the C-H bond
of alkane compounds. No significant broadening, loss,
or presence of functional peaks was observed in the
physical mixture of TDC and HPMC K4M, revealing
no interactions (compatibility) between TDC and for-

mulation excipients.

B Al Lt L 4L

%

B0 3400 3200 3000 2800 200

2400 2200
Wanenumber

2000 1800 1600 140 1200 1000 800

Figure 1. Comparative FTIR spectra of TDC, HPMC K4M, and TDC-loaded fast dissolving film

Optimization of independent variables (Fac-

tors)

We have selected the HPMC K4M and PEG 400 as
polymers because they are hydrophilic and have good
film formation ability. In addition, both polymers are
reported to form a highly transparent film. Further-
more, low molecular weight (PEG 400) was selected
due to its better dissolution and dispersion ability
than high molecular weight PEG polymers. Prelimi-
nary study results suggested that 5-30% HPMC K4M
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and 20-30% PEG 400 cause stickiness in films. How-
ever, the concentration of HPMC K4M in prepared
films was 10-15% and PEG 400 at 10-20% was non-
sticky uniform, and transparent. Based on the results,
polymers concentrations (10-15%) and plasticizer
concentrations (10-20%) were selected for further
formulations. It is also observed that the amount of
polymer above 15% showed an increase in DT, below
10% the film did not show flexibility, and above 20%

film became sticky.
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Optimization of dependent variables (Response)

With the application of the CCD, the (2D contour
and 3D RSM) plots were built based on the polynomi-
al functions of the model to evaluate the change in the
response surface. These plots can further help to un-
derstand the correlation between independent vari-

ables (factors) and dependent variables (response).
Response 1 (Y, =Folding endurance)

ANOVA was employed to ascertain the mod-
el's and individual response parameters’ significance
(p<0.05). Contour plots and surface response plots
were used to explore the consequence of indepen-
dent variables on folding endurance (Figures 2 and
3). When the P-value is p<0.007, the F-value of 4.32
in the 2FI model suggests that the model is signifi-
cant. The contour plots and response surface plots
displayed the outcome of diverse factors on folding
endurance. An increase in the concentration of poly-
mer and plasticizer was found to increase the film’s

folding endurance.

Folding endurance
@ Desgn Points

A HPMC KaM (mg)

Design-Expart® Software
Trial Varsian
Factor Coding: Actual

% Drug relesse (%)
@ Desion Points.

o [ >

X1=A
xz2e®

B

B: PEG 400 (mL)

Response 2 (Y,=DT)

The ANOVA analysis of outcomes yielded the
F-value of 6.34 for the 2FI model which implicates
that the model is significant when the p-value is
p<0.03. The consequence of several independent fac-
tors on DT was shown in the contour plots and re-
sponse surface plots (Figures 2 and 3). As the amount
of HPMC K4M in the film rose, the in-vitro DT was
augmented, and the film became too sticky. Further-
more, augmenting the plasticizer concentration di-
minishes DT but makes the film brittle.

Response 3 (% Drug release =Y )

The ANOVA analysis of outcomes yielded a
p-value of less than 0.04 (p<0.04) and an F-value of
4.02 which implicates that the model is significant.
The contour plot and RSM plots displayed the con-
sequence of diverse independent variables on drug
release (Figures 2 and 3). As the amount of plasticiz-
er and polymer in the film increased to 10-20% and
10-15%, respectively, the film’s drug release increased.
Drug release was reduced when the polymer concen-
tration reached 15% because the drug remained with-

in the polymer matrix.

Disintegration time (Min)

B PEG 400 (ml)

% Drug release (%)

A HPMC KaM (mg)

Figure 2. Contour plots showing the effect of HPMC K4M (X,) and PEG 400 (X,) on folding endurance
(Y)), Disintegration time (Y,), and Drug release (Y,).
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Design-Expert® Software
Trial Varsion
Factor Coding: Actual

3D Surface

Folding endurance
Dresign Points:

@ Above Surface
D Below Surface

77

Xl=4A
X2=8

Faiding endurance

010

Dasign-Expert® Software
Trial Version
Factor Coding: Actual

% Drug release (%)
Design Points:

@ Above Surface

D Below Surface

X1=A
X2=8B

%4 nsg rebease (%)

Design-Expert® Software
Trial Version
Factor Coding: Actual

3D Surface

Disintegration time (Min)
Design Points:

@ Above Surface

@ Below Surface

19 I 50

Disintegration time (Min]

3D Surface

Figure 3. Response surface plots (3D) showing the effect of HPMC K4M (X,) and PEG 400 (X,) on Fold-

ing endurance (Y), Disintegration time (Y,), and Drug release (Y,).

Optimization using the desirability functions

There are various methods for optimizing multi-re-
sponse problems. The desirability feature is one of the
most common techniques used for solving multi-re-
sponse surface problems. The lowest and utmost level
must be defined for the apiece parameter employed.
Each target can be given a weight to change the shape
of its desirability feature. An overall desirability func-
tion is created by combining the objectives. Desirabil-
ity is an objective function with a value of one at the
target and zeroes outside of the limits. The software

aims to make this role as effective as possible. As a
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consequence, the foremost intent starts at a random
location and progresses up the steepest slope to the
highest point. A manifold response means were ap-
plied to optimize a combination of two goals (HPMC
K4M and PEG 400 concentration). Figure 4 demon-
strates the desirability values of HPMC K4M (10-14
mg), and for PEG 400 (10-20 mL) as a “minimum”
and “maximum” and within the range to analyze the
economically viable optimal condition. At this con-
dition, the model exhibits desirability of 0.999. These
optimal values were checked experimentally which
resulted in 97.6 %.
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Design-Expert® Software
Trial Version 20
Factor Coding: Actual

Desirability

Desirability
@ Design Points

oH
X1=A
X2=B

B: PEG 400 (mL),
(Y

A: HPMC K4M (mg)

Figure 4. Desirability plot showing the effect of
HPMC K4M (X,) and PEG 400 (X,).

Evaluation of formulated FDOFs
Appearance

The prepared FDOFs are visually inspected and

which is in a whitish transparent appearance.
Thickness

The thicknesses of formulated TDC-loaded
FDOFs were in the 0.07 to 0.09 mm range, with a tol-
erance of 0.01 mm. As shown in Table 3, the mean
values were nearly uniform in all F1-F9 formulations.
The uniformity in the thickness (due to the low stan-
dard deviation obtained) indicated the reproducibility
of the method of preparation. According to the find-
ings, increasing film thickness lowers tensile strength
while increasing percent elongation. The crystallinity
of the film increases as the thickness of the film in-

creases, and the rate of dissolution decreases.
Weight variation test

The percent weight variation of all the formu-
lations is mentioned in Table 3. All the films passed
the weight variation test, per the standard Pharmaco-
poeial limits. The weight of all films was found to be
33.65£1.16 to 39.88+0.95 mg. The weight of the F-4

batch observed is 39.88 + 0.95 mg.
Determination of surface pH

Table 3 shows the surface pH values of the
TDC-loaded film formulations. The surface pH of all
of the polymers used in the formulations is neutral.
The pH of the surfaces of the film ranged from 6.8
to 7. The neutral surface pH of the films ensured that
the mucosal lining of the oral cavity would not be ir-
ritated.

Folding endurance

The capacity of a patch to survive a rupture is mea-
sured by its folding endurance. The greater the folding
endurance, the greater the risk of film rupture, and
vice versa. The folding endurance values of all for-
mulations are mentioned in Table 3. The F-4 batch
demonstrated the folding endurance of 126+1. The
folding endurance of the film increases with increases

in the concentration of super disintegrant.
Drug content and content uniformity

The drug content and content uniformity tests
were carried out to ensure the uniform distribution of
the drug in the film. The % drug content of batch the
F-4 is found to be 98.85+1.77. Moreover, the content

drug uniformity is observed in all the prepared films.
Percent elongation (%), and tensile strength

The percentage of elongation mainly depends on
the tensile strength of the formulated film and which
is affected by the nature of polymers used. The % elon-
gation and tensile strength of the F-4 batch are found
to be 3.90+0.58%, and 5.58 + 0.18 respectively.

Disintegration time (DT)

Disintegration time is a very important parameter
for OFDFs, to indicate the onset of drug action. The
time at which prepared film starts to disintegrate in
the solvent is known as DT. The DT of the formulat-
ed film was in the range of 19-50 seconds while the
F-4 batch exhibited a DT of 19+1 seconds. From the
results obtained, it is clear that DT increases with the

increased solid contents of the film.
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In-vitro drug release study

The simulated saliva was used as a dissolution
medium for the dissolution study of TDC fast dis-
solving film. Amongst, all batches (F-4, F-5, F-8)
batch exhibited rapid drug release (Figure 5). The
batch F-4 showed significantly more release of TDC
(98.55+£7.90%) in 5 minutes when compared to the
batch F-5 and F-8. This rapid TDC release from all the
batches including the F-4 batch may be attributed to
the more concentration of PEG 400 and crospovidone
which cause augment in the dissolution, and crospo-
vidone (super disintegrating agent). In addition,
crospovidone is rapidly wetted into the film by saliva
resulting in an expansion of volume and hydrostatic
pressure that occurs in rapid disintegration. More-
over, the substantially higher release of TDC from
batch 4 could be due to the use of less concentration of
HPMC-K4M that yielded thin film formation thereby

fast disintegration and dissolution of the film.

Fhe

% Drug Released

Time (min)

Figure 5. In-vitro drug release profile of batch F-4, F-6,
and F-8 in simulated saliva (pH 6.8). All the values are

expressed as mean + standard deviation (n=3)
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Ex-vivo permeation study

The cumulative percentage of drug permeated
through plane drug solution, optimized TDC load-
ed FDOFs and marketed Quicobal® film was plotted
against time as shown in Figure 6. It was found that
the slightly increasing concentration of PEG 400 and
crospovidone in the film caused a significant incre-
ment in the permeation rate. This could be attributed
to the concentration-dependent permeation enhance-
ment ability of crospovidone. All the TDC FDOFs
showed superior performance ex-vivo when com-
pared to plain drug solution. Statistical analysis re-
vealed no significant difference in permeation param-
eters between optimized film and marketed Quicobal®
film. Both the film samples exhibited similar perme-
ation profiles. Moreover, the percent drug permeation
was found to be 24.18%, 85.18%, and 85.23% from a
plain drug, optimized TDC loaded film and marketed
Quicobal® film respectively after 30 minutes.

- Marketed Formulation (Quicobal@film)
- TDC
—— Plain drug

100

% Drug Permeated

0 10 20 30 40
Time (min)

Figure 6. Ex-vivo permeation study of plain drug,
optimized TDC FDOFs, and marketed Quicobal® film
(pH 7.4). All the values are expressed as mean + stan-

dard deviation (n=3)
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Table 3. Evaluation of CCD batches of FDOFs

Batch | Thickness Surfa*ce Weight of the % Tensile Folding DT (sec) Drug content per

code (mm) pH film (mg)* Elongation Strength endurance film (2x2 cm)%
F1 0.06+0.008 | 6.67+0.08 36.68+1.84 1.92+0.82 523 +£0.16 87+0.58 42+1.73 98.79+2.80
F2 0.06+0.007 | 6.78+0.08 34.55+1.22 1.99+0.67 3.66 £0.22 118+1 50+1.73 97.88+2.65
F3 0.08+0.007 | 6.89+0.08 37.10+1.72 5.94+0.58 5.14+0.20 9242 25+1.73 98.36+1.89
F4 0.07+0.008 | 6.97+0.04 39.88.+0.95 3.90+0.58 5.58 £0.18 126 +1 19+1 98.85+1.77
F5 0.08+0.007 | 6.90+0.09 38.90+1.14 4.21+0.58 4.37 £0.20 118+1.73 24+1 98.73+1.4
F6 0.08+0.008 | 6.85+0.04 33.65+1.16 1.82+0.58 524 +0.15 107+1 48+1.7 98.12+1.99
F7 0.08+0.008 | 6.80+0.08 34.45+1.86 5.34+0.58 4.63 £0.25 77%1.73 25+1 97.94+1.92
F8 0.08+0.09 | 6.86+0.08 37.78+1.84 5.15+0.58 5.11£0.20 118+1.73 24+1 98.79+1.83
F9 0.08+0.009 | 6.72+0.04 36.78+1.20 2.01+0.58 3.44+0.13 109+1.73 42+1.73 98.18+1.83

*All values are expressed as mean + S.D. (n=3)

Stability study

The stability of the drug is one of the important
parameters considered during the development of a
new formulation. During stability studies, the sub-
stance is subjected to accelerated temperature and hu-
midity conditions during stability testing. Accelerated
stability experiments are those in which a substance

is held under high temperatures for a short period.

Based on DT, folding endurance, and % cumulative
drug release result, batch F-4 is found to be more
stable. No significant difference in, the % cumulative
drug release, DT, and folding endurance of F-4 batch
films were noticed after three months of storage at
40°+2°C/, 75 +5% RH condition (Table 4). Further, the
results obtained demonstrated no significant changes

observed in the characteristics of the file system.

Table 4. Stability study results of optimized formulation

Formulation (F-4 batch) Folding endurance DT In-vitro drug release (%)
Initial 126 +1 19+1 98.55+1.20
After 1 months 124 +2.45 21+0.4 96.05+3.50
After 2 months 117 £0.23 20+0.2 93.78+0.40
After 3 months 109+1.73 24+5.37 93.34+5.02
*All values are expressed as mean + S.D. (n=3)
CONCLUSION ACKNOWLEDGEMENT

In this study, novel FDOFs containing the drug
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CCD, the formulations of FDOFs were optimized.
Opverall, the produced film formulations showed good
results in terms of folding endurance, % drug release,
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ation with excellent mechanical properties of TDC
from the FDO films. Therefore, these novel FDOFs
may provide a potential opportunity for oral delivery
of the TDC drug.

We are grateful to our Principal sir, Institute, and
Management for their support of this research effort.

CONFLICT OF INTEREST

The authors declare that there is no conflict of in-
terest.

AUTHOR CONTRIBUTION STATEMENT

The investigation, literature research, formulation
development, analysis, interpretation of the data, sta-
tistics, preparing the study text, and writing the orig-
inal draft (SSC, MAP, PSK). Developing a hypothesis,
reviewing the text, resources, and supervision (ASM,
JLD, JID, SAP)

71



Chopade, Pawar, Kumbhar, Manjappa, Disouza, Payghan, Desai

REFERENCES

Ahn, H. (2015). Central Composite Design for the
Experiments with Replicate Runs at Factorial and
Axial Points. Industrial Engineering, Management

Science and Applications, 969-970.

Al-Ani, I. H., Shakya, A. K., Hassan, S. E. (2019). De-
sign, Optimization, and Evaluation of Combined
Dosage form of Amoxicillin and Nonsteroidal
Anti-inflammatory Agent for Pediatric use using
DoE. Asian J of Pharm, 13(2), 125-130.

Al-Mogheraha A. I., Abbas M., Maha I., Hassanb A.
(2020). Optimization and evaluation of venlafax-
ine hydrochloride fast dissolving oral films Sau-
di Pharmaceutical Journal, 28 (11), 1374-1382.
https://doi.org/10.1016/j.jsps.2020.09.001

Balaa, R., & Sharmab, S. (2018). Formulation opti-
mization and evaluation of fast dissolving film
of aprepitant by using design of experiment. Bull
Fact Pharm Cairo Uniyv, 56, 159-168.

Bharti K., Mittal P., Mishra B. (2018). Formulation
and characterization of fast dissolving oral films
containing buspirone hydrochloride nanoparti-
cles using design of experiment, Journal of Drug
Delivery Science and Technology, doi: https://doi.
0rg/10.1016/}.jddst.2018.12.013.

Binfeng, X., Zhen, Y., Haiying, Z., Viera, L., Wei, Z.,
Mikolaj, M and Filippos, K. (2015). Development
of a Novel Oral Cavity Compartmental Absorp-
tion and Transit Model for Sublingual Adminis-
tration: [llustration with Zolpidem. AAPS ], 17(3),
631-642.

Bose, A., Wong, T. W,, Singh, N. (2013). Formula-
tion development and optimization of sustained
release matrix tablet of Itopride HCI by response
surface methodology and its evaluation of release
kinetics. Saudi Pharm J, 21(2), 201-213.

72

Chaudhary, H., Gauri, S., Rathee, P., Kumar, V. (2013).
Development and optimization of fast dissolving
oro-dispersible films of granisetron HCI using
Box-Behnken statistical design, Bull Fac Pharm
Cairo Uniyv, 51, 193-201.

Chonkar A.D., Venkat Rao J., Managuli R.S., Mu-
talik S., Dengale S., Jain P. (2016). Development
of Fast Dissolving Oral Films Containing Lerca-
nidipine HCl Nanoparticles in Semicrystalline
Polymeric Matrix for Enhanced Dissolution and
Ex-Vivo Permeation, European Journal of Phar-
maceutics and Biopharmaceutics. Biopharmaceu-
tics, 103, 179-191. doi: http://dx.doi.org/10.1016/j.
€jpb.2016.04.001

Dandagi, P, Singh, A., Manvi, F, Belekar, A. (2013).
Formulation of trimetazidine matrix tablet using
methocel and effect of different parameters on
drug release from matrix tablet. Turk J. Pharm Sci,
10 (2), 287-302.

Deswati, S., Izzati, R., Hamzar, S., Zein, R., and Alif,
A. (2016). Application of central composite design
for optimization the determination of lead using
adsorptive cathodic stripping voltammetry. Ras-
ayan J. Chem, 9(1), 8-17.

Dezsi, C. A. (2016). Trimetazidine in Practice: Review
of the Clinical and Experimental Evidence. Am J.
Ther, 23(3), 871-879.

Habib B. A., Abd El Rehim R. T., Nour S. A. (2014)
. Feasibility of optimizing trimetazidine dihydro-
chloride release from controlled porosity osmotic
pump tablets of directly compressed cores. Journal
of Advanced Research, 5, (3), 347-356. https://doi.
org/10.1016/j.jare.2013.05.005

https://www.fda.gov/media/70877/download

Izhar, S. A., Ahmed, A. M., Arief, M. (2015). Formu-
lation and Characterization of Mucoadhesive Buc-
cal Films of Trimetazidine Dihydrochloride, Lat.
Am. J. Pharm, 34 (8), 1585-93.



FABAD ]. Pharm. Sci., 48, 1, 61-74, 2023
Doi: 10.55262/fabadeczacilik. 1085351

Karki, S., Kim, H., Jeong, S., Shin, D., Jo, K., Lee, J.
(2016). Thin films as an emerging platform for
drug delivery, Asian J. Pharm. Sci, 11, 559-574.

Khan, A., Qadir, M. L, Jabeen, E. (2016). Orally disin-
tegrating films: A modern expansion in drug de-
livery system. Saudi Pharm. J, 24, 537-546.

Khabade, S. S., Chopade, S. S., Gaikwad, E. R., Pay-
ghan, S. A. (2017). Potential Screening of Spray
Dried Solid Dispersion of Orlistat using Three Di-
mensional Solubility Parameter. Asian J. of Pharm,
(Suppl), 11(4), 760-766.

Kunte, S., & Tandale, P. (2010).Fast dissolving strips:
A novel approach for the delivery of verapamil. J.
Pharm Bio all. Sci, 4, 325-8.

Logrippo, S., Ricci, G.,Sestili, M., Cespi, M. (2017)
Oral drug therapy in elderly with dysphagia: be-
tween a rock and a hard place. Clinical Interven-
tions in Aging. 12, 241-251

Maheswari, K. M., Devineni, P. K., Deekonda, S.,
Shaik, S., Uppala, N. P, and Nalluri B. N. (2014).
Development and evaluation of mouth dissolving
films of amlodipine besylate for enhanced thera-

peutic efficacy. J. Pharm (Cairo), 1-10.

Masih A., Kumar A, Singh S., Tiwari A. K., (2017).
Fast Dissolving Tablets: A Review. Int J Curr
Pharm Res 9, (2) 8-18.

Nair A., Khunt D, Misra M. (2018). Application of
quality by design for optimization of spray dry-
ing process used in drying of Risperidone na-
nosuspension. Ptec (2018), doi:10.1016/j.pow-
tec.2018.09.096

Navamanisubramaniana, R., Nerellaa, R., Duraipan-
dianb, C., Seetharamanc, S. (2018). Quality by
design approach for optimization of epaglinide
buccal tablets using Box-Behnken Design. Future
J. of Pharm Sci, 4, 265-272.

Pethe, A. M., & Desai, R. B. (2016). Formulation, Op-
timization & evaluation of mouth dissolving film
of nifedipine by using design of experiment. Asian
J. of Pharm Sci, 11, 74-76.

Patel, P,, Limbashiya, R., Chavda, M., and Shah, U.
(2014). Development and Optimization of Fast
Dissolving Orodispersible Film of Baclofen Us-
ing 3* Central Composite Design. Int J. Pharm
Sci, 5(12), 5539-47. http://dx.doi.org/10.13040/
IJPSR.0975-8232.5 (12).5539-47

Raza S. N., Kar A. H,, Wani T. U. and Khan N. A.
(2019). Formulation and evaluation of mouth dis-
solving films of Losartan potassium using 3* facto-
rial design. Int ] Pharm Sci & Res, 10(3),1402-11.

Sadhukhan, B., Mondal, N. K., Chattoraj, S. (2016).
Optimization using central composite design
(CCD) and the desirability function for sorption
of methylene blue from aqueous solution onto
Lemna major. Karbala International Journal of
Modern Science, 2, 145-155.

Semalty, M., Semalty, A., Kumar, G., Juyal, V. (2008).
Development of mucoadhesive buccal films of
glipizide. Int. J. of Pharm. Sci & Nano, 1(2), 184-
190.

Shimoda, H., Taniguchi, K., Nishimura, M., Matsuu-
ra, K., Tsukioka, T., Yamashita, H. (2009). Prepa-
ration of a fast dissolving oral thin film containing
dexamethasone: A possible application to anti-
emesis during cancer chemotherapy. Euro J. of
Pharm. and Biopharm, 73, 361-365.

Singh, B., Dahiya, M., Saharan, V., Ahuja, N. U.
(2005). Optimizing drug delivery systems using
systematic design of experiments. Part II: retro-
spect and prospects. Crit. Rev Ther Drug Carrier
Syt, 22(3), 215-293.

Suryawanshi D., Wavhule P, Shinde U., Kamble M.,
Amin P (2021). Development, optimization and
in-vivo evaluation of cyanocobalamin loaded
orodispersible films using hot-melt extrusion
technology: A quality by design (QbD) approach.
Journal of Drug Delivery Science and Technol-
ogy 63, 1773-2247. https://doi.org/10.1016/j.
jddst.2021.102559

73



Chopade, Pawar, Kumbhar, Manjappa, Disouza, Payghan, Desai

Tomar, A., Sharma, K., Chauhan, N., Mittal, A., Ba-

jaj, U. (2012). Formulation and evaluation of fast
dissolving oral film of dicyclomine as potential
route of buccal delivery. Int. ] Drug Dev & Res,
4(2),408-417.

Verma U, Rajput R., Naik J.B. (2018). Development

and characterization of Fast Dissolving Film of
Chitosan embedded Famotidine Using 3* Full
Factorial Design Approach. Materials Today: Pro-
ceedings 5, 408-414.

Wang L., Feng R., Gao ], Xi Y., Huang G. (2016).

74

Generic sustained release tablets of trimetazi-
dine hydrochloride: Preparation and in vitro-in
vivo correlation studies. Asian Journal of Phar-
maceutical Sciences, 11 (3), 417-426. https://doi.
org/10.1016/j.ajps.2015.10.001

Xin, T., Zhao, Y., Jing, H., Zhang, W., Gao, Y., Yang,

X. (2014). A time-released osmotic pump fabricat-
ed by compression-coated method: Formulation
screen, mechanism research and pharmacokinetic
study. Asian J. of Pharm Sci, 9, 208-217.

Zayed G.M., Abd-El Rasoul S., Ibrahim M.A., Saddik

M.S., Alshora D.H. (2019). In-Vitro and In-Vi-
vo Characterization of Domperidone-Loaded
Fast Dissolving Buccal Films, Saudi Pharma-
ceutical Journal, doi: https://doi.org/10.1016/j.
jsps.2020.01.005



