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ABSTRACT

The present study aimed to develop an oral disintegrating film of fexofenadine hy-
drochloride for the immediate management of allergies and related symptoms. The 
formulation of fast dissolving oral film was carried out by solvent casting method 
using two different grades of hydroxy propyl methyl cellulose, polyvinyl pyrro-
lidone, polyvinyl acetate, and pullulan as polymers and different plasticizers.  Six 
such films were produced. The films were evaluated for their physicochemical and 
mechanical properties. Compatibility and thermal studies were carried out. The 
surface morphology of the films was studied. All six formulations were evaluated 
for surface pH, disintegration, and drug release study in simulated saliva. The best 
films were taken for stability studies. Formulations prepared with all the polymers 
in different proportions of plasticizers could produce a non-sticky stable film. The 
thermal studies revealed the uniform dispersion of the drug in the polymer matrix. 
Films prepared with pullulan showed better flexibility and dissolution behavior. 
Stability studies of the pullulan films highlighted that the films were stable and 
could retain their physical and mechanical properties. Hence, it can be concluded 
that pullulan can be successfully employed to prepare fast dissolving oral films of 
fexofenadine hydrochloride.
Keywords: Fexofenadine hydrochloride, Oral disintegrating film, Plasticizers, 
Mechanical properties, pullulan.

INTRODUCTION

Oral disintegrating films are a new type of dosage form that is particularly well 
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suited to juvenile and geriatric patients. These are the thin strips that are large-
ly transparent, biodegradable, and contain hydrophilic polymers when simply 
placed on the patient’s tongue they disintegrate and dissolve quickly in the oral 
cavity when exposed to saliva, and no additional water is required for drug 
administration and release of the drug1. This type of delivery has the potential 
to increase patient compliance, especially for the pediatric population and for 
people suffering from mental illnesses, dysphagia, or emesis. Absorption of the 
drug by oral mucosa into the systemic circulation is an interesting approach, 
the drug absorbs directly into the systemic circulation, bypassing the first-pass 
metabolism in the liver2. 

Fexofenadine hydrochloride (FXD), an H1 antagonist is used to ease seasonal 
allergic rhinitis and hives.  Conventional oral dosage form of FXD includes tab-
lets and liquid oral which suffer from the drawback of slow onset of action and 
variable absorption on food intake.  Approximately 80% of the ingested drug is 
eliminated primarily by biliary and renal secretion3. 

FXD belongs to class III of the Biopharmaceutical Classification System and 
shows variable absorption with oral bioavailability of 35%4. The adult daily dose 
of FXD is limited to 180mg, whereas the child dose is limited to 30 mg per day5.  

The present research work proposes a formulation of oral disintegrating films 
of FXD to provide a rapid onset of action and improvement of bioavailability. 
They can be administered without water, and are ideal for children. They are 
flexible and easy to carry6. 

The ability of the oral films primarily depends on the water solubility and film-
forming ability of the polymer used. The critical parameter is the polymer to 
plasticizer ratio that provides the mechanical strength of the films.      

Garsuch V. et al. reported the film-forming ability of hydroxypropyl methylcel-
lulose7.   Jantrawut P. et al. investigated and reported the effect of different 
plasticizers like PEG 400, glycerin, and propylene glycol on the mechanical 
properties of the film8.  In another study, Pezik E. et al. commented-on pul-
lulan as a good film-forming agent for rapid action of drugs from an orally dis-
integrating film9. The use of a combination of polymer of polyvinyl pyrrolidone 
and polyvinyl acetate in the formulation of fast dissolving films was reported 
by Chaklan N. et al10.

Hence the present study explores the combination of different types of poly-
mers and plasticizers to formulate oral disintegrating films of FXD and ob-
served the effect of the variation in polymer and plasticizer content on the 
physicochemical and mechanical properties of the film.



347Acta Pharmaceutica Sciencia. Vol. 60 No. 4, 2022

METHODOLOGY

FXD was purchased from Yarrow chemicals, Mumbai, Maharashtra. Pullulan 
was procured from Gangwal chemicals, Mumbai, Maharashtra. Hydroxypro-
pyl methylcellulose (HPMC) 15cp and 5 cp,  polyvinyl pyrrolidone (PVP), poly-
vinyl alcohol (PVA), sodium starch glycollate (SSG), polyethylene glycol 400 
(PEG 400), glycerine, propylene glycol, ethanol, and mannitol were procured 
from SD fine chemicals, Bangalore, India. 

Fourier transform infrared (FTIR) spectroscopy study

The compatibility study of the FXD with different polymers in a physical mix-
ture of 1:2 was carried out by Fourier transform infrared (FTIR) spectroscopy 
Shimadzu, Tokyo, Japan.  The IR spectra of the samples were obtained using 
the KBr pellet method in the range between 400 to 4,000cm-1  at ambient tem-
perature 11.

Preparation of oral film

The solvent casting approach was used to make the oral film. Six such FXD-
loaded orally disintegrating films (F1-F6) were prepared using different poly-
mers, and plasticizers as mentioned in table 1.

Table 1. Composition of the oral films of FXD

Ingredients
Formulation code

F1 F2 F3 F4 F5 F6

Drug (mg) 30 30 30 30 30 30

HPMC 15 cp (%w/v) 20 -- -- -- -- --

HPMC 5 cp (%w/v) -- 20 -- -- -- --

PVP (%w/v) -- -- 10 -- -- --

PVA (%w/v) -- -- 10 -- -- --

Pullulan (%w/v) -- -- -- 20 20 20

PEG400 (%w/v) 3 2 3 2 -- 2

Propylene glycol (%w/v) -- -- -- 1 3 --

Glycerine (%w/v) -- 1 -- -- -- 1

SSG (%w/v) 3 3 3 3 3 3

Mannitol (%w/v) 1.5 1.5 1.5 1.5 1.5 1.5

DM Water (q.s) (ml) 5 5 5 5 5 5
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The drug was dissolved in ethanol. The polymers as per table 1 were dispersed 
in distilled water under magnetic stirring to which the drug solution was add-
ed. To this homogenous solution of polymer and drug, the required quantity 
of plasticizer, disintegrants, and sweeteners was added. The entire dispersion 
was continued to stir using a magnetic stirrer at 800rpm for 30min12,13. The 
prepared mixture was set aside for 15min to remove any bubbles before being 
poured into the fabricated 8cm2 glass mold. The casted films were dried for 
45–50 minutes in a laminar hot-air oven at 60°C. The film was carefully peeled 
off after drying, packaged in plastic zip pouches (polythene), and stored in a 
desiccator for further characterization. 

Evaluation of the prepared films 

Differential scanning calorimetric (DSC) study

Samples weighing approximately 5mg were placed in an Aluminum crucible 
and heated at a rate of 10/min on a Perkin Elmer STA 8000 series instrument 
from room temperature to 500°C. The thermograms were recorded for the 
pure drug and the physical mixture of drug with different polymers14.

Drug content 

Each film of the sample (1cm2) was dissolved in methanol to extract the drug.  
The sample was suitably diluted with pH 6.8 buffer and analyzed at 277nm 
using a UV spectrophotometer (UV-1900i, Shimadzu, Tokyo) against a suitable 
blank prepared from the non-medicated film. This experimentation was done 
with three trials for all the formulations (F1-F6) 15,16.

Film Thickness

The thickness of the film (2cm(L) X 8cm (W)) was measured with a digital 
vernier caliper (Mitutoyo), and the average value was calculated. The thickness 
was measured at 5 different points throughout the film to ensure uniformity. 
The estimation was carried out in triplicate for all the prepared films17.

Moisture loss

To determine the moisture content in the films, the freshly prepared film 
(4cm2) of the formulations (F1-F6) was weighed and placed in desiccators con-
taining anhydrous calcium chloride under airtight conditions. The film was 
reweighed after 3 days to determine the percentage of moisture loss 18.
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𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑤𝑤𝑤𝑤𝐼𝐼𝑤𝑤ℎ𝐼𝐼  ×100 

Film pH 

The film to be tested was moistened with distilled water and stored in a Petri dish for 1h, and the pH of 

the solution was recorded using the pH meter Digisun electronic system, Model No:2001. The 

experimentation was carried out thrice for each film 17. 

Swelling index 

The studies on the swelling index of the films (F1-F6) (2cm(L) X 2cm(W)) were carried out in pH 6.8 

phosphate buffer solution. Each film was weighed and placed in a pre-weighed stainless-steel wire 

sieve. The film was submerged in phosphate buffer pH 6.8 on a Petri dish. At a specified interval (1min), 

the rise in film weight was measured until a constant weight was recorded. In this test, three films of 

each formula were employed 19. The degree of swelling was determined by using the following formula: 
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During the process of estimating tensile strength, the length elongation was 
measured for each film. 

The increase in the length of the film was used to determine percentage 
elongation (%E) using the formula 23.
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The disintegration time of each film (8cm2)  was measured by placing a unit 
dose of the formulated film in a petri-dish containing distilled water and the 
time taken for the film to complete breakdown was noted25,26.

In vitro dissolution study

The in vitro dissolution study was carried out by using USP dissolution 
apparatus type-II with 900ml of simulated salivary fluid of pH 6.8 at 37±0.5°C 
at 100rpm. A film size of 8cm2  was used as dose size.   In the dissolution 
apparatus, the film was attached with adhesive tape on a glass disk and placed 
at the center of the vessel27. At specified intervals, specific volumes of samples 
were collected for 60min and replaced with an equivalent volume of the blank 
dissolution media. The blank of each formulation was subjected to dissolution 
at the same condition and used as a blank to negate the effect of excipients in 
the determination of drug spectrophotometrically. The filtered samples were 
analyzed at a wavelength of 277nm for drug concentration, and the percentage 
(%) of drug dissolved or released was calculated. The drug release study of all 
the films (F1-F6) was compared with a popular commercial tablet available in 
India.
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Scanning Electron Microscope study (SEM) 

SEM study was carried out using Zeiss, ultra 55 (GEMINI® technology), to 
study the surface morphology of the films. The film was adhered to the stubs 
with adhesive carbon and then sputter-coated with a thin gold-palladium layer. 
The coated samples were scanned at 5kV18.

Statistical analysis

All the six formulations were subjected to Dunnett’s multiple comparison 
test using graph pad prism software V5, considering the parameters of 
disintegration time, drug release at the earliest, and the mechanical strength of 
the films. The ANOVA study was carried out at a significance level of p<0.05.

Stability testing

Stability testing was carried out for the best formulations (F4, F5, and F6). The 
films were stored in the aluminum package at 40 ±5°C and 75±5%RH for 28 
days. The films were tested for physicochemical and mechanical properties at 
a specific interval of time9.

RESULTS and DISCUSSION

FTIR study

The FTIR spectra showed the characteristics peak of the pure drug at  1704. 
1470. 1278 and 1167cm-1 for the major functional groups like carbonyl stretch-
ing, aromatic stretching, and C-O stretching of tertiary alcohol respectively, 
the same peaks were preserved in the combinations of drug and different poly-
mers used in the oral films. Major functional groups were retained in all the 
combinations as shown in figure 1, which indicated the absence of any interac-
tions between the drug and polymers28.
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Figure 1. FTIR spectra of Pure drug FXD (A), FXD and HPMC 15cp(B), FXD and HPMC 5cp(C), 
FXD and PVP+PVA(D), FXD and Pullulan(E). 

 

DSC Study 

The DSC thermograms showed a sharp endothermic peak of the pure drug at 192°C29. The drug 

dispersion in the various polymer mixture showed a reduction of the peak intensities to a great extent. 

The reduced intensity of the endothermic peaks of the pure drug represented the conversion of 

crystalline to the amorphous state of the drug as shown in figure 2.   

 
Figure 2. DSC thermograms of Pure drug FXD(A) and films of different polymers (B-HPMC 15 cps, 
C- HPMC 5 cps, D-PVP and PVA, E-Pullulan) 

This is an indication of the dispersion of the drug in different polymer matrices. Hence it can be 

concluded that the drug was molecularly dispersed in the polymer matrices. Miscibility of the drug with 

the polymers confirms the formation of miscible dispersion.  Therefore, all the selected polymers were 

found to be suitable for the formulation of the oral disintegrating film of FXD. The glass transition 

Figure 1. FTIR spectra of Pure drug FXD (A), FXD and HPMC 15cp(B), FXD and HPMC 
5cp(C), FXD and PVP+PVA(D), FXD and Pullulan(E).

DSC Study

The DSC thermograms showed a sharp endothermic peak of the pure drug at 
192°C29. The drug dispersion in the various polymer mixture showed a reduc-
tion of the peak intensities to a great extent. The reduced intensity of the endo-
thermic peaks of the pure drug represented the conversion of crystalline to the 
amorphous state of the drug as shown in figure 2.  
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Figure 2. DSC thermograms of Pure drug FXD(A) and films of different polymers (B-HPMC 
15 cps, C- HPMC 5 cps, D-PVP and PVA, E-Pullulan)

This is an indication of the dispersion of the drug in different polymer ma-
trices. Hence it can be concluded that the drug was molecularly dispersed in 
the polymer matrices. Miscibility of the drug with the polymers confirms the 
formation of miscible dispersion.  Therefore, all the selected polymers were 
found to be suitable for the formulation of the oral disintegrating film of FXD. 
The glass transition temperature of the prepared films was found to be greater 
than the temperature of the buccal cavity and environment, which proves the 
stability of the film during manufacturing, and storage. 

Physicochemical evaluation of the prepared films

The prepared six films were found to be smooth and opaque with a uniform 
dispersion of drug in the films. The physical characteristics of the films are 
summarized in table 2.
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Table 2. Evaluation of the oral disintegrating films of fexofenadine hydrochloride

Formulation Drug 
Content (%)

Thickness
(mm)

Weight
(mg) pH Moisture 

content(%)
Swelling

index

F1 98.78±0.01 0.032±0.01 66.3±0.03 6.8 0.85±0.85 1.76±4.70

F2 99.12±0.023 0.035±0.02 64.3±0.02 6.4 0.87±0.69 2.79±1.01

F3 99.05±0.04 0.027±0.02 57.6±0.05 6.6 0.45±0.09 6.12±2.90

F4 99.44±0.02 0.025±0.03 56.6±0.01 5.5 0.88±0.21 1.73±1.04

F5 99.61±0.12 0.021±0.02 60.5±0.04 5.6 0.83±0.68 1.77±1.94

F6 99.75±0.05 0.023±0.01 58.5±0.04 5.5 0.84±0.74 1.33±1.93

The drug content of the films was found to be more than 98%, which indicated 
that the drug was distributed homogeneously in the polymer matrix. The drug 
content of all the films was found to be in the acceptable pharmacopeial range 
for standard oral solids.

The thickness of the films was measured at 5 different points of the prepared 
films and found that the standard deviation was less than 0.05, which indicat-
ed the thickness of all the films was uniform. It also revealed that the prepared 
drug-polymer dispersion had optimum viscosity to be spread over the fabri-
cated dish uniformly by solvent casting method. For an oral film, the thickness 
should be 12 to 100μm4. The thickness of the film was found to be high for the 
films prepared by HPMC polymers (F1 and F2). Rest all the films prepared had 
a thickness varied from 0.021 to 0.027mm. This variation in thickness might 
be due to the difference in composition of the films which resulted in various 
viscosity and the spreadability of the dispersion over the petri dish. The aver-
age weight of the films was slightly high for the films made with HPMC. The 
pH of all the films was found to be in the range of 5.5-6.8. The surface pH of the 
films indicated the non-irritability of the films for oral mucosa. The mechani-
cal properties of the films are greatly affected by the moisture content. This 
quality control parameter enables to detect the protection of the films against 
drying out during storage. All the formulations showed a moderate moisture 
content to retain the plasticizing effect of the films. Formulation F3 containing 
PVP and PVA was found to be brittle on storage as indicated by the moisture 
content and folding endurance. The swelling index for the films varied widely 
because of the composition of the films. A high swelling index is an indica-
tion of high viscosity on the absorption of moisture and thereby a slow release. 
Formulation F3 showed a very high swelling index compare to the other for-
mulations. Folding endurance was found to be the best for films containing 
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HPMC (F1 and F2), it is due to the comparatively high thickness and weight, 
and moisture content of the films. Films prepared with pullulan (F4, F5, and 
F6) were also found to be good for arresting the breakage during folding30. But 
the films prepared with PVP and PVA (F3) are not found to be satisfactory in 
durability as indicated by the low value of folding endurance.

Mechanical Properties

The deformation of a film under applied stress determines the mechanical 
strength of the film. Mechanical strength is an ideal property of an orally dis-
integrating film. The mechanical strength of oral disintegrating films is esti-
mated by the determination of folding endurance, tensile strength, percentage 
elongation, and young modulus. The folding endurance of all the films was 
found to be more than 110 except for formulation F3. Higher folding endur-
ance was indicative of high mechanical strength of the films. The elongation 
of the film increases as the plasticizer content rises. The use of a mixture of 
plasticizers was found to be good in formulations F4, F5, and F6.  An optimum 
elongation was obtained from each formulation. Young’s modulus, also known 
as elastic modulus, is a measurement of the film’s stiffness and a correlation 
between applied stress to strain. An ideal film is characterized by higher fold-
ing endurance and tensile strength, and low elastic modulus31. The films pro-
duced by HPMC (F1 and F2) and Pullulan (F4, F5, and F6) were quite strong 
compared to films produced by PVP and PVA (F3) as shown in table 3.
 
Table 3. Mechanical properties of the prepared oral films of fexofenadine hydrochloride.

Formulation 
code

Folding 
endurance

Tensile strength 
(dyne/cm2) % Elongation Young modulus 

(Pascal)

F1 120±2.13 5 22.33 0.224

F2 110±1.16 4.5 22.12 0.203

F3 89±1.67 3 20.21 0.148

F4 115±1.78 4.5 21.03 0.214

F5 114±2.34 3.75 20.59 0.182

F6 118±2.50 4.5 21.76 0.207

Disintegration time

The oral films should disintegrate quickly in the mouth and should be able to 
release the drug immediately for instant therapeutic action. The composition 
and the physicochemical property of the polymer play an important role. All 
the polymers used in the present study showed good film-forming properties. 
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But the disintegration time of the films becomes critical to identify the best 
polymer for the proposed hypothesis.  Hence in the present study, the formula-
tion with different polymers was prepared to identify the best polymer for the 
oral disintegrating films of FXD, the disintegration time was found to be the 
least for films prepared with pullulan (F4, F5, and F6) as shown in table 4. Ac-
cording to European pharmacopeia, the oral disintegrating tablets should dis-
integrate within 3min, and in the present study all the films were disintegrated 
below 1min and that satisfies the limit prescribed by the pharmacopeia32.
 
Table 4. Disintegration time of the films

 Formulation code Disintegration time (sec)

F1 35±0.05

F2 43±0.01

F3 65±0.02

F4 29±0.65

F5 29±0.05

F6 26±0.03

In vitro Dissolution profile 

The dissolution of all the oral films of FXD was carried out in simulated sali-
vary fluid at pH 6.8 for 60min. The dissolution profile of all the films is ex-
pressed in figure 3. The maximum release was exhibited by formulation F6 in 
30min. The marketed formulation exhibited 75% release in 30min.
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Figure 3. In vitro dissolution of the prepared oral films of fexofenadine hydrochloride.
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The in vitro release data was analysed for release kinetics and found that all 
the formulations except F3 followed first-order kinetics. The release of the 
drug from formulation F3 was slow it might be due to the high swelling of the 
film resulting in high viscosity, hence retarded the drug release.  The regres-
sion analysis of rate kinetics of dissolution is shown in table
 
Table 5. Regression analysis for release data

Formulation 
code R1 R0 RHG RKM

F1 0.968 0.960 0.956 0.922

F2 0.959 0.962 0.949 0.910

F3 0.983 0.985 0.977 0.950

F4 0.975 0.963 0.959 0.938

F5 0.984 0.966 0.969 0.928

F6 0.986 0.899 0.968 0.967

R1- Correlation coefficient for first order kinetics, R0- Correlation coefficient 
for  zero order kinetics, RHG- Correlation coefficient for  Higuchi model, RKM- 
Correlation coefficient for  Korsemeyer Peppas model.

SEM Study

The SEM photographs (figure 4) for all the formulations revealed the uniform 
texture of the prepared film upon dispersion of the drug in the polymer matrix. 
The films F4, F5, and F6 showed a smooth surface with lesser cracks indicat-
ing good mechanical strength of the films prepared by pullulan and different 
plasticizers. Films prepared by HPMC 15cps (F1)  and 5CPs (F2) had com-
paratively lesser cracks than films prepared by PVP and PVA(F3). Hence the 
surface morphology also indicated films prepared with pullulans were the best 
in mechanical strength14.
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Figure 4.   SEM of the different oral films(F1-F6) of Fexofenadine hydrochloride.

Statistical analysis

Dunnett’s multiple comparison tests for all the formulations were carried out 
considering the main characteristics of an oral film like fast disintegration, fast 
release, and high mechanical strength of the films. A random scaling of 1-5 was 
assigned for the evaluation of the important characteristics, 5 being the highest, 
and 1 being the lowest. The low disintegration, rapid dissolution at the earliest, 
and high mechanical properties were assigned with the highest score. An ANOVA 
study at a significance level, p<0.05 was conducted and it revealed that the charac-
teristics of the formulation F6 were significantly better than F1, F2, and F3 statisti-
cally. The formulations F4 and F5 were almost equivalent to F6 and did not show 
any significant statistical differences. The statistical analysis is listed in Table 6.
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Table 6.  Dunnett’s Multiple Comparison Test

Dunnett’s Multiple 
Comparison Test Mean Diff. q Significant? 

P < 0.05? Summary

F6 vs F2 1.500 3.464 Yes *

F6 vs F3 3.250 7.506 Yes ***

F6 vs F4 0.5000 1.155 No ns

F6 vs F5 0.0000 0.0000 No ns

F6 vs F1 1.000 2.325 Yes *

Hence, it can be concluded that the formulations F4, F5, and F6 have the de-
sired properties of an orally disintegrating film. All the films made up of poly-
mer Pullulan have good characteristics to deliver drug immediately from an 
oral film, irrespective of the type of plasticizer in the film. Therefore, these 
formulations were taken for stability studies.

Stability study

The selected films were packed in an aluminium package and stored at 40 
±5°C and 75±5% RH for 28 days. The short-term stability data are presented 
in table 7.

Table 7. Short-term stability study 

Properties 
evaluated

F4 F5 F6

14th Day 28th Day 14th Day 28th Day 14th Day 28th Day

Drug content 
(%) 99.14±0.01 98.64±0.03 99.6±0.02 99.54±0.05 99.69±0.02 99.64±0.03

Thickness
(mm) 0.026±0.01 0.0256±0.09 0.023±0.03 0.022±0.09 0.025±0.06 0.0248±0.01

Moisture
content (%) 0.91±0.11 0.89±0.19 0.84±0.21 0.82±0.90 0.845±0.44 0.840±0.12

Folding 
endurance 110±1.08 108±0.23 116±1.30 114±0.92 113±1.05 113±0.07

Young 
modulus 
(Pascal)

0.210 0.207 0.178 0.176 0.206 0.205

Disintegration
time (sec) 30±0.15 32±0.55 28±0.15 31±0.0.70 26±0.07 27±0.05
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Short-term stability studies revealed that the films prepared with pullulans 
(F4, F5, and F6) were stable, there were no significant changes in the proper-
ties of the films (P>0.05). Under accelerated conditions, the change in mois-
ture content in the films was found to be minimum.  Hence it can be concluded 
that oral disintegrating films of FXD made with polymer pullulan and different 
plasticizers were found to be stable and retained their mechanical and phar-
maceutical properties.

The current research concentrated on the formulation development of oral dis-
integrating film of FXD for immediate control of the symptoms of allergy. The 
study screened a variety of polymers and plasticizers to evaluate their effect on 
the mechanical property and dissolution behaviour of the drug. Among all the 
polymers used the polymer pullulan was found to be the best to achieve the 
desired characteristics of the fast-dissolving film of FXD. The films disinte-
grated in less than 30 seconds and showed a high drug release at 30 min. The 
formulations F4, F5, and F6 were found to be stable. The formulation showed 
good mechanical properties and drug release and could retain flexibility, and 
strength even after a short-term stability study for 4 weeks. Hence it can be 
concluded that a fast-dissolving film of FXD with pullulans could be a promis-
ing combination to achieve the objective of the study.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ACKNOWLEDGMENTS

We the authors are highly obliged to the principal and management of Krupa-
nidhi College of Pharmacy, Bengaluru to provide us with the necessary support 
in the conduct of the work. We express our deep gratitude to Gangwal chemi-
cals Mumbai, Maharashtra for the gift sample of Pullulan.



361Acta Pharmaceutica Sciencia. Vol. 60 No. 4, 2022

REFERENCES
1. Lee Y, Kim K, Kim M, Choi DH, Jeong SH. Orally disintegrating films focusing on formu-
lation, manufacturing process, and characterization. J. Pharm. Investg. 2017; 47: 183–201.
http://doi.org/ 10.1007/s40005-017-0311-2.

2. Nagaraju T, Gowthami R, Rajashekar M, Sandeep S, Mallesham M, Sathish D et al. Com-
prehensive review on oral disintegrating films. Curr. Drug. Deliv. 2013;10(1):96-108 http://
doi.org/ 10.2174/1567201811310010016.

3. Fexofenadine: Uses, Interactions, Mechanism of Action | DrugBank Online. Available at 
https://go.drugbank.com/drugs/DB00950.

4. Yehia SA, El-Ridi MS, Tadros MI, El-Sherif NG. Enhancement of the Oral Bioavailability 
of Fexofenadine Hydrochloride via Cremophor(®) El-Based Liquisolid Tablets. Adv Pharm 
Bull. 2015;5(4):569-581.  http://doi.org/ 10.15171/apb.2015.077.

5. Fexofenadine - FDA prescribing information, side effects and uses (drugs.com). Available 
at https://www.drugs.com/pro/fexofenadine.html.

6. Hoffmann EM, Breitenbach A, Breitkreutz J. Advances in orodispersible films 
for drug delivery. Expert Opin Drug Deliv. 2011; 8(3):299–316. http://doi.org/ 
10.1517/17425247.2011.553217.

7. Garsuch V, Breitkreutz J. Comparative investigations on different polymers for the prepa-
ration of fast-dissolving oral films. J. Pharm. Pharmacol. 2010; 62(4): 539–545. http://doi.
org/ 10.1211/jpp.62.04.0018.

8. Jantrawut P, Chaiwarit T, Jantanasakulwong K, Brachais CH, Chambin O. Effect of plas-
ticizer type on tensile property and in vitro indomethacin release of thin films based on low-
methoxyl pectin. Polymers (Basel). 2017; 9(7):289. https://doi.org/10.3390/polym9070289.

9. Pezik E, Gulsun T, Sahin S, Vural İ. Development and characterization of pullulan-based 
orally disintegrating films containing amlodipine besylate. Eur. J. Pharm. Sci. 2021; 156: 
105597. http://doi.org/ 10.1016/j.ejps.2020.105597.

10. Chaklan N, Maheshwari RK. Formulation and development of fast dissolving oral film of a 
poorly soluble drug piroxicam with improved drug loading using mixed solvency concept and 
its evaluation. Asian J. Pharm. 2018; 12(3): S907-S915,

11. Liew KB, Tan YT, Peh KK. Characterization of oral disintegrating film containing done-
pezil for Alzheimer disease. AAPS Pharm. Sci. Tech. 2012; 13(1):134-142. http://doi.org/ 
10.1208/s12249-011-9729-4.

12. Alhayali A, Vuddanda PR, Velaga S. Silodosin oral films: Development, physico-mechan-
ical properties and in vitro dissolution studies in simulated saliva. J Drug Deliv Sci Technol. 
2019; 53:101122. http://doi.org/ 10.1016/J.JDDST.2019.06.019.

13. Bhyan B, Jangra S, Kaur M, Singh H. Orally fast dissolving films: innovations in formula-
tion and technology. Int. J. Pharm. Sci. Rev. Res. 2011; 9(2):9-15. 

14. Cho HW, Baek SH, Lee BJ, Jin HE. Orodispersible polymer films with the poorly water-
soluble drug, olanzapine: Hot-melt pneumatic extrusion for single-process 3D printing. Phar-
maceutics 2020; 12(8): 692; https://doi.org/10.3390/pharmaceutics12080692.

15. Al-Mogherah AI, Ibrahim MA, Hassan MA. Optimization and evaluation of venlafaxine 
hydrochloride fast dissolving oral films. Saudi Pharm J. 2020; 28(11):1374-1382. http://doi.
org/ 10.1016/j.jsps.2020.09.001.

16. Bhattacharyya S, Swetha G. Formulation and evaluation of effervescent granules of Fex-
ofenadine hydrochloride. Pharma. Innova. J. 2014; 3(3):1–8. 



362 Acta Pharmaceutica Sciencia. Vol. 60 No. 4, 2022

17. Tomar A, Sharma K, Chauhan NS, Mittal A, Bajaj U. Formulation and evaluation of fast 
dissolving oral film of dicyclomine as potential route of buccal delivery. Int. J. Drug. Dev. Res. 
2012; 4(2):408-417. 

18. Kathpalia H, Patil A. Formulation and evaluation of orally disintegrating films of levoce-
tirizine dihydrochloride. Indian J. Pharm. Sci. 2017; 79(2):204-211. http://doi.org/ 10.4172/
pharmaceutical-sciences.1000218.

19. Murthy AV, Ayalasomayajula LU, Earle RR, Jyotsna P. Formulation and evaluation of 
tramadol hydrochloride oral thin films. Int. J. Pharm. Sci Res. 2018; 9(4):1692-1698. http://
doi.org/ 10.13040/IJPSR.0975-8232.9(4).1692-98.

20. Deepthi A, Reddy BV, Navaneetha K. Formulation and evaluation of fast dissolving oral 
films of zolmitriptan. Am J Adv Drug Deliv. 2014; 2(2):153-163. 

21. Maheswari KM, Devineni PK, Deekonda S, Shaik S, Uppala NP, Nalluri BN. Development 
and evaluation of mouth dissolving films of amlodipine besylate for enhanced therapeutic ef-
ficacy. J. Pharm. (Cairo). 2014; 1-10. http://doi.org/ 10.1155/2014/520949. 

22. Jabir SA, Sulaiman HT. Preparation and characterization of lafutidine as immedi-
ate release oral strip using different types of water-soluble polymer. Int. J. App. Pharm. 
2018;10(5):249-260.  https://doi.org/10.22159/ijap.2018v10i5.28292.

23. Nalluri BN, Sravani B, Anusha VS, Sribramhini R, Maheswari KM. Development and 
evaluation of mouth dissolving films of sumatriptan succinate for better therapeutic efficacy. 
J. Appl. Pharm. Sci. 2013; 3(8):161-166. http://doi.org/ 10.7324/JAPS.2013.3828.

24. Tamer MA, Hammid SN, Ahmed B. Formulation and in vitro evaluation of bromocriptine 
mesylate as fast dissolving oral film. Int. J. App. Pharm. 2018; 10(1):7-20. 

25. Ze-yu Q, Xi-Wen J, Qian L, Bao-hua K, Hao W. Fast dissolving oral films for drug delivery 
prepared from chitosan/pullulan electrospinning nanofibers. Int. J. Biol. Macromol. 2019; 
37:224-231. http://doi.org/ 10.1016/j.ijbiomac.2019.06.224.

26. Dinge A, Nagarsenker M. Formulation and evaluation of fast dissolving films for delivery 
of triclosan to the oral cavity. AAPs Pharm. Sci. Tech. 2008; 9(2):349-356. http://doi.org/ 
10.1208/s12249-008-9047-7. 

27. Speer I, Preis M,  Breitkreutz J.  Dissolution testing of oral film preparations: Experimen-
tal comparison of compendial and non-compendial methods. Int. J. Pharm. 2019; 561:124-
134. http://doi.org/ 10.1016/j.ijpharm.2019.02.042. 

28. Arefin P, Hasan I, Reza MS. Design, characterization and in vitro evaluation of HPMC 
K100 M CR loaded Fexofenadine HCl microspheres. Springer Plus. 2016; 5:691. https://doi.
org/10.1186/s40064-016-2322-2.

29. Fexofenadine hydrochloride | C32H40ClNO4 | ChemSpider. Available at http://www.
chemspider.com/Chemical-Structure.56703.html.

30. Goswami S, Sharma A, Anjana, Bhattacharya M. Chapter 2 - Pullulan films and natural 
compounds: Applications and perspectives, Editor(s): Mahendra Rai, Carolina Alves dos San-
tos, Biopolymer-Based Nano Films, Elsevier, 2021:pp 19-41.

31. Karki S, Kim H, Seon-Jeong N, Dohyun S, Kanghee J,  Lee J.Thin films as an emerging 
platform for drug delivery. Asian J. Pharm. Sci. 2016;11(5):559-574. http://doi.org/ https://
doi.org/10.1016/j.ajps.2016.05.004.

32. Ph.Eur, 2016a. European Pharmacopeia Commission, Oromucosal Preparations, Europe-
an Pharmacopeia. European Directorate for the Quality of Medicine & Healthcare (EDQM), 
Strasbourg, France.


