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ABSTRACT: Allergic rhinitis or allergic conditions are associated with the symptoms such as running nose, frequent
headache, sore throat, watering of eye, and sometimes coughing as well as eczema also. The delay in the treatment or
ignorance may leads to severe health problems like asthma, inability to sleep, severe redness, etc. Bilastine is potent H1
antihistaminic agents used in the therapy of allergic conditions and rhinitis without inducing drowsiness. The current
research focused on developing oral thin film of Bilastine for all the allergic conditions. The hydroxypropyl
methylcellulose (HPMC) was selected as film former and the physical interaction with Bilastine was confirmed with
FTIR. The 3 3 Box-Behnken design was applied in the designing of oral thin film which predicted 17 possible runs in
Design of Expert (Version 11). The film former (HPMC E15: X1) plasticizer (PEG 400: X2) and superdisintegrants (CCS:
X3) were selected as independent parameters and disintegration time (Y1), folding endurance (Y2) and in-vitro
dissolution release (Y3) as dependable parameters in the development of oral thin film. The film was prepared by
solvent casting method and evaluated. The optimized batch F10 tested for weight variation, folding endurance (135),
disintegration time (12 sec), percentage of dissolution (98.70%) and found stable during accelerated stability studies.
The fast-dissolving oral thin film of Bilastine (F10) was developed which showed prompt relief from the allergic
conditions.
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1. INTRODUCTION

Allergic rhinitis (AR) is most common chronic diseases causing inflammation of nasal mucosa. The
AR is triggered due to the immunoglobulin E (IgE) reaction after a reaction with allergens. The AR is
characterized by frequent sneezing, nasal discharge, and nasal congestion. Moreover, the patients suffering
with AR also experiences mild fever, headache, fatigue, cognitive impairment, difficulty in sleep and lack of
attention. AR is recognized as most predominant allergic disease affecting the population around 12 to 40 %
[1, 2, 3]. The dust particles in nearby surroundings, pollens, spores and animal residue generally responsible
for initiating AR [4,5]. The allergens promotes the activation of B cells responsible for inducing
hypersensitivity reactions and thereby liberated histamine, leukotrienes, prostaglandins D2, thromboxane A2
and platelet-stimulating factor [6, 7]

Solid orals are still most favored dosage forms in the market. They are superior over others dosage forms
in terms of convenience, comfort, economic, ease of handling and easy to manufacture on large scale.
Sometimes, solid orals are not convenient for pediatrics, geriatric, psychiatric and patients having dysphagia.
The population around 28% have observed difficulty in swallowing of solid orals [8, 9]. Hence, the
advancement in solid orals initiated from conventional tablets and capsules-mouth dissolving tablet (MDT)-
oral thin film (OTF). The OTF gain tremendous significance for possessing benefits of solid orals along with
high accuracy, preventing first-pass metabolism, improving bioavailability of poorly soluble and absorbable
drugs, etc. [10, 11].

The OFT is a thin transparent film which quickly disintegrates in the oromucosal cavity. OTF is highly
acceptable dosage form for pediatric, geriatrics, psychiatric, dysphagia and bed-prone patients. OFT is most
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acceptable dosage form prepared with film formers such as hydroxypropyl methylcellulose, pullulan and
polyvinyl alcohol. OTF also includes plasticizer, flavors, colors, sweeteners, superdisintegrants, etc. [12].
Currently, many film are available in market namely, orally disintegrating film, sublingual film, and buccal
film. The ideal OTF is thin, flexible and also provides good stability with better manufacturing support [13]-

Bilastine is a second-generation antihistaminic agent possesses high affinity for H1 histamine receptor.
Bilastine is recommended for the therapy of seasonal rhinitis (nasal and non-nasal) and urticaria. Bilastine
rapidly binds with histamine receptor and thereby prevent the liberation which mimic allergic reactions [14].
Moreover, Bilastine have superiority over other antihistaminic as it is non-sedative agent [15].
The current research work stated the development of novel formulation of Bilastine in the form of oral thin
film which has high patient compliance, comfort and can be easily administered by pediatric, geriatric and
patients suffering with dysphagia. Moreover, prompt action and high therapeutic efficacy can be achieved
with OTF technology. Biocompatible polymer HPMC were utilized as film former along with plasticizer PEG
with addition of saliva stimulating agent like citric acid, aspartame as sweetener and mint flavor.

Quality-by-design (QbD) explore the systematic development of a pharmaceutical product involving
predefined objectives and comprises of product understanding, control and prompt recognition of risk
assessments. The principal elements of QbD involves quality targeted product profile (QTPP), critical quality
attributes (CQA), critical material attributes (CMA), critical process parameters (CPP), design space and risk
assessments (RA). From the perspectives of OTF, QTPP parameters are dosage form, route of administration,
dosage strength whereas, disintegration time, dissolution, content uniformity, folding endurance are
considered as CQA [16].

The optimization analysis was performed by response surface methodology using Box-Behnken design.
In this model, 3-factors were selected and considered as independent parameters such as concentration of film
former (HPMC E15), plasticizer (PEG 400) and superdisintegrants (CCS) respectively, whereas disintegration
time, dissolution and folding endurance were dependable parameters. The quadratic model were selected for
BBD obtained by Design of expert software (Version 11) [17] .

2. RESULTS AND DISCUSSION
2.1. Organoleptic evaluation

Bilastine is white color powder and don’t have any odor. The melting point was determined with melting
point apparatus and observed in the range of 199-2019 C. The LOD value was found to be 0. 34 %.

2.2. Compeatibility study

The identification of pure sample of Bilastine was carried out with FTIR spectra. The C-H aliphatic
stretching was available in the range of 1355-1485 cm-! and observed at 1456.96 cm-! and 1429.96 cm-1.
Whereas, C-N stretching predicted in the range of 1266-1342 cm-! and identified at 1351.24 cm-!, C= O
stretching (1200-1275 cm-1) recognized at 1255.10 cm-! and C=H stretching (1250-1310 cm-') at 1378.85 cm-1.
The individual peaks of drug and HPMC was clearly reflected in the spectrum, which indicated that Bilastine
is compatible with HPMC.

The formulation ingredients should be compatible with the active ingredients to provide high therapeutic
efficacy. The compatibility study was carried out with Bilastine and HPMC by FTIR (ATIR-1S-Affinity,
Schimadzu, Japan). The FTIR spectrum was depicted in the Fig. 1- 3 respectively.
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Fig. 2. FTIR Spectra of HPMC.
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Fig. 3. FTIR of Bilastine and HPMC

2.3. DoE model (Box Behnken design) for drug loaded oral thin film

The optimization software Design of Expert (DoE) of version 11 was applied for the maximum possible runs
for the development of oral thin film. The Box-Behnken design was selected for 3 factors (independent factors)
predicted 17 possible runs and in actual manner get 13 trial batches after elimination 4 common batches. The
DoE of Box-Behnken design was depicted in the Table 1.

Table 1: Experimental result of DOE containing different conc. of polymer and plasticizer

Factor 1 Factor2  Factor 3 Response 1 Response 2 Response 3
Std Run A:HPMCE15 B:PEG400 C:CCS Disintegration time Folding Endurance Dissolution release
mg Mg mg Sec number %
7 1 300 112.5 8 13 115 98.75
13 2 450 112.5 6 16 110 98.45
6 3 600 112.5 4 19 114 98.75
3 4 300 150 6 16 130 97.69
15 5 450 112.5 6 17 114 98.07
4 6 600 150 6 16 140 98.25
11 7 450 75 8 13 98 98.68
1 8 300 75 6 16 95 97.76
14 9 450 112.5 6 17 105 98.25
16 10 450 112.5 6 16 110 97.7
10 11 450 150 4 20 135 98.15
9 12 450 75 4 19 95 97.9
17 13 450 112.5 6 16 115 97.8
12 14 450 150 8 12 135 98.7
5 15 300 112.5 4 20 110 96.88
2 16 600 75 6 16 95 98.23
8 17 600 112.5 8 13 110 98.5
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Moreover, ANOVA was also applied for the fit statistics and linear model for all the 3-responses such
as disintegration time, folding endurance and in-vitro dissolution studies. The model for all the responses
such as disintegration time, folding endurance and dissolution were found to be significant (0.0001, 0.0001 and
0.0241 respectively) identified by the p-value less than 0.05. The ANOVA for the dependable parameters were
depicted in the Table 2, 3 and 4 respectively.

Response 1: Disintegration time

Table 2: ANOVA model for Disintegration time

Source Sum of Squares df Mean Square F-value p-value
Model 9125 3 3042  122.78 <0.0001 significant
A-HPMC E15 01250 1 0.1250  0.5046 0.4900
B-PEG 400 0.0000 1 0.0000  0.0000 1.0000
C-CCS 9113 1 91.13  367.83 <0.0001
Residual 322 13 0.2477
Lack of Fit 202 9 0.2245  0.7484 0.6715 not significant
Pure Error 120 4 0.3000
Cor Total 9447 16

Factor coding is coded.

Sum of squares is Type III - Partial

The Model F-value of 122.78 implies the model is significant. There is only a 0.01% chance that an F-value this large

could occur due to noise.

P-values less than 0.0500 indicate model terms are significant. In this case C is a significant model term. Values greater
than 0.1000 indicate the model terms are not significant. If there are many insignificant model terms (not counting those

required to support hierarchy), model reduction may improve your model.

The Lack of Fit F-value of 0.75 implies the Lack of Fit is not significant relative to the pure error. There is a 67.15%
chance that a "Lack of Fit F-value" this large could occur due to noise. Non-significant lack of fit is good -- we want the

model to fit.

Response 2: Folding Endurance

Table 3: ANOVA model for folding endurance

Source Sum of Squares df Mean Square F-value p-value
Model 309325 3 1031.08 67.60 <0.0001 significant
A-HPMC E15 1013 1 1013  0.6638 0.4299
B-PEG 400 308113 1 3081.13  202.01 < 0.0001
C-CCS 200 1 2.00 01311 0.7231
Residual 198.28 13 15.25
Lack of Fit 13548 9 15.05  0.9588 0.5630 not significant
Pure Error 6280 4 15.70
Cor Total 329153 16
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Factor coding is coded.

Sum of squares is Type III - Partial

The Model F-value of 67.60 implies the model is significant. There is only a 0.01% chance that an F-value this large could

occur due to noise.

P-values less than 0.0500 indicate model terms are significant. In this case B is a significant model term. Values greater
than 0.1000 indicate the model terms are not significant. If there are many insignificant model terms (not counting those

required to support hierarchy), model reduction may improve your model.

The Lack of Fit F-value of 0.96 implies the Lack of Fit is not significant relative to the pure error. There is a 56.30%
chance that a "Lack of Fit F-value" this large could occur due to noise. Non-significant lack of fit is good -- we want the

model to fit.

Response 3: Dissolution release

Table 4: ANOV A model for Dissolution release

Source Sum of Squares df Mean Square F-value p-value
Model 197 3 0.6572 440  0.0241 significant
A-HPMC E15 0.8778 1 0.8778 588  0.0306
B-PEG 400 0.0060 1 0.0060  0.0405  0.8436
C-CCS 1.09 1 1.09 729  0.0182
Residual 194 13 0.1493
Lack of Fit 156 9 0.1729 1.79  0.3006 not significant
Pure Error 0.3853 4 0.0963
Cor Total 391 16

Factor coding is coded.

Sum of squares is Type III - Partial

The Model F-value of 4.40 implies the model is significant. There is only a 2.41% chance that an F-value this large could

occur due to noise.

P-values less than 0.0500 indicate model terms are significant. In this case A, C are significant model terms. Values
greater than 0.1000 indicate the model terms are not significant. If there are many insignificant model terms (not

counting those required to support hierarchy), model reduction may improve your model.

The Lack of Fit F-value of 1.79 implies the Lack of Fit is not significant relative to the pure error. There is a 30.06%
chance that a "Lack of Fit F-value" this large could occur due to noise. Non-significant lack of fit is good -- we want the

model to fit.

The 3-D response surface graph for disintegration time was obtained after plotting HPMC E15 and PEG 400.
This graph illustrates optimum concentration required to prepare good quality film. Whereas, Fig. 4, 5 and 6
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illustrated 3-D response surface curves for disintegration time, folding endurance and dissolution respectively
when plotted between HPMC E15 and PEG 400.

Design-Expert® Software
Facor Coding: Actual

Disintegration time (Sec)
# Design point sbove predicted alue
0 Design points belowpredicted vaus

12 [ 20
X1 = & HPMC EI5 20 r—-’”""
X2 = B: PEG 400
Actual Factor 18 |
Cas=6 S

D

9

==

£

—

c

2 14

o

oD

=}

—

£

= 12|

(]

150 600

120 480

105 420

B: PEG 400 (mg) A HPMCELS (mg)

75 300

Fig. 4. Response surface plot for Disintegration time.
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Fig. 5. Response surface plot for folding endurance.

An increase in plasticizer concentration resulted in rise in folding endurance values. Similarly, 3-D response
surface graph for dissolution was depicted in Fig. 6. The percentage of drug dissolved rises sharply after
increase in concentration of CCS with optimum concentration of HPMC E15 and PEG 400.
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2.4. Evaluation of quality of OTF

The developed OTFs were checked for their quality parameters and observed that all the films were of good
quality, smooth, transparent and easy to peel off. The image of prepared thin film was depicted in Fig. 7.
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Fig. 7. Image of optimized OTF batch F10

24.1. Measurement of thickness

The thickness of all prepared films was measured in the range of 55 to 65 pm. An optimum thickness
is generally desirable to ensure uniformity. The film should not been too thin (0.035 mm) or thick (0.095 mm)
which affects the physical characteristics and disintegration time of the film respectively [18] .

2.4.2. Folding endurance

The flexibility and brittleness of the film was measured by folding endurance. The prepared films
were folded repeatedly until it breaks and reading was recorded in the range of 95 to 140. The results of all
batches were depicted in Table 1.

24.3. Determination of pH

The formulated films were dissolved in the 10 ml of the distilled water. The solution was tested for
pH and observed in the range of 5.9 to 6.3. These results indicated that the pH of prepared oral thin film were
capable of dissolving at oral mucosa.

2.4.4. Disintegration time

The OTFs were placed in the petri dish with 10 ml of artificial saliva fluids and time required to
disintegrate completely was noted. The disintegration time for all OTFs were observed in the range of 12 sec
to 20 sec. The results of all batches were depicted in Table 1.

24.5. In-vitro dissolution studies

The in-vitro dissolution studies were performed for all the 13 batches using USP type II paddle
apparatus containing 900 ml of the dissolution media. The release of Bilastine from the thin film was very
quickest and the complete release was found within 6 min. Among the batches, F10 was quickest released of
98.70 % within 6 min and F8 and F11 were slower release profile with that of F10. During the estimation of
dissolution content, sink condition was maintained by replacing the dissolved solution of 5 ml at regular
interval with the equal volume of fresh dissolution media in order to prevent not only from saturation of the
bulk solution but also retards the dissolution process. Moreover, the prompt release of Bilastine above 98 %
indicated that sink condition was maintained during the in-vitro dissolution process. The appropriate quantity
of film former, plasticizer and superdisintegrants are desired for the development of oral thin film. The release
profile of all the batches were depicted in the Fig. 8 and 9.
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24.6. Content uniformity

One of the major hurdles in the manufacturing of OTF was uniformity in the content. The content
uniformity was observed in the range of 96.70 to 98.50 %.

2.5. Stability studies

The optimized batch F10 was subjected under accelerated stability studies at 40° C, 75 % relative humidity
and samples were withdrawn at regular intervals. The samples were evaluated for disintegration, in-vitro
dissolution, folding endurance and content uniformity. The influence of temperature and humidity affects the
stability of the OTF due to high percentage of water content. Higher the temperature and humidity greatly
affect the quality and stability of the oral thin film. Hence, according to the ICH guidelines, these film were
tested at elevated temperature and humidity so as to check the influence on the disintegration, folding
endurance and in-vitro dissolution studies which are the critical quality attributes directly related with the
patients. Due to high content of water in the OTF, the raised temperature is responsible for evaporation of
water, higher humidity resulted in moistening of film causing sticking problem and thereby affect the quality
and stability of the film. The result was depicted in the Table 5.

Table 5: Stability studies of an optimized batch F10

Parameters Initial After 1 month After 2 month After 3 month
Disintegration time 12 Sec 12 11 10
Dissolution 98.70% 98.25% 97.67 % 97.22%
Folding endurance 135 130 125 115

All values are calculated with n = 3.

3. CONCLUSION

Recently, oral thin film is gaining tremendous significance for delivery probiotics, therapeutics, proteins,
peptides and many nutritional products. OTF is superior over conventional dosage form and hence, widely
acceptable. The rise in allergic rhinitis cases is mostly due to the increase in the pollution and sudden
environmental changes. The patients suffering from AR will lose patience in severe conditions and hence,
requires immediate attention. The medicament delivered through the OTF provides prompt relief from all the
conditions associated with the AR. Bilastine OTF was formulated and provides relief from the AR without
causing drowsiness.

4. MATERIALS AND METHODS
4.1. Materials

Bilastine was supplied as gift sample from Metrochem API pharmaceuticals, Hyderabad. HPMC E15 was
supplied from Nitika Pharmaceuticals, Nagpur. Polyethylene glycol, propylene glycol, citric acid were
purchased from Merck chemicals, Mumbai. Aspartame was supplied from Lupin Pharmaceuticals,
Aurangabad. All other chemicals utilized were of analytical grade.

4.2. Preformulation studies

Bilastine was characterized for their organoleptic properties such as color and odor. Further, the melting
point and loss on drying (LOD) was also estimated with the help of digital melting point apparatus (Lab India)
and hot air oven (Alpha Scientific, Bengaluru, India) respectively.

4.3. Interaction study

The physical mixture of Bilastine was tested for their compatibility with other formulation ingredients
such as HPMC. The mixture was scanned in the range of 400-4000 cm!. (Shimadzu ATIR) [19] .
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4.4. Formulation of OTF of Bilastine

The OTF of Bilastine was developed by solvent casting method [20] . An accurately weighed quantity of
film former (HPMC E15) was allowed to dissolve in 10 ml of distilled water with stirring on the magnetic
stirrer. The solution was kept aside for about 2 h for swelling characteristics. Moreover, Bilastine was added
to 10 ml of distilled water followed by addition of plasticizer (polyethylene glycol) with continuous stirring at
1000 rpm. Then this solution was added slowly in the solution of film former with continuous stirring at 1000
rpm and remaining components until homogenous solution was achieved. The stirring continues up to the
removal of any entrapped air bubbles in the solution. Finally, appropriate quantity of citric acid (saliva
stimulating agent) and aspartame (sweetener) were added and stirred well. The final solution was caste in the
petri plate and kept in an oven at 40-45° C for about 12 hrs. After drying, the film was carefully removed and
cut into the several number of pieces (2x2 size) [21]F. The formulation components were depicted in Table 6.

Table 6 Formulation ingredients for OTF of Bilastine

Batch  Bilastine = HPMC E15 PEG CCS  Aspartame Citric acid Distilled water
F1 5 300 1125 8 2 1 20
F2 5 450 1125 6 2 1 20
F3 5 600 1125 4 2 1 20
F4 5 300 150 6 2 1 20
F5 5 450 1125 6 2 1 20
F6 5 600 150 6 2 1 20
F7 5 450 75 8 2 1 20
F8 5 300 75 6 2 1 20
F9 5 450 1125 6 2 1 20
F10 5 450 1125 6 2 1 20
F11 5 450 150 4 2 1 20
F12 5 450 75 4 2 1 20
F13 5 450 1125 6 2 1 20
F14 5 450 150 8 2 1 20
F15 5 300 1125 4 2 1 20
F16 5 600 75 6 2 1 20
F17 5 600 1125 8 2 1 20

4.5. Optimization by Design of experiments (DoE)

The optimization of OTF of Bilastine was process though Design of experiment (DoE, Version 11 by Stat-
Ease) for minimization of any possible errors. In this experiment concentrations of film former HPMC E15
(E15: X1) and plasticizer (PEG: X2) were considered independent parameters, whereas disintegration time
(Y1), folding endurance (Y2) and the percentage of dissolution (Y3) were dependable parameters for OTF. The
designing study involved utilization of three factors and their two levels (-1, and +1) for the development of
OTF of Bilastine was depicted in Table 7 [22] [23]:

Table 7: Optimization of OTF of Bilastine
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Factor Name Units Type Minimum Maximum Coded Low Coded High Mean Std. Dev.

A HPMCE15 mg Numeric 300.00 600.00 -1300.00 +1+600.00 450.00 106.07
B PEG 400 mg Numeric 75.00 150.00 -1-7500 +1+150.00 112.50 26.52
C CCs mg Numeric 4.00 8.00 -1-4.00 +1 < 8.00 6.00 1.41

4.6. Characterization of OTF
4.6.1.  Quality of film

The developed film was tested for its quality parameters such as transparency, smoothness and easy to
peeling.

4.6.2.  Thickness of OTF

The digital calibrated Vernier caliper was used to measure the thickness of the prepared film. The thickness
of film was noted from all the corners and at the middle for ensuring uniformity and thereby accuracy in the
film [24]

4.6.3.  Folding endurance

The flexibility possess by the film was judge with folding endurance. The measurement of folding endurance
ensures about strength and brittleness of the film. It was determine by continuous folding of film at the same
point until it breaks [25] . The results were carried out in triplicates.

4.6.4. Measurement of pH of OTF

The prepared film was kept in contact with the distilled water and allowed to convert it in solution form inside
the petri dish. The solution obtained was subjected to digital pH measurement by electrode (Lab India, Pico
model) [26]. The results were carried out in triplicates (n =3).

4.6.5.  Disintegration time

The disintegration time of prepared film size (2x2) was placed in the 10 ml of prepared artificial saliva solution.
The time required to completely disintegrate was noted in triplicate [27] .

4.6.6.  In-vitro dissolution study

The in-vitro dissolution studies were carried out at 37 +0.5° C using USP type II dissolution apparatus
(Electolab India, 8 station, Inspire-08). The simulated saliva fluid serves as dissolution media for OTF of
Bilastine. The samples of 5 ml were withdrawn at regular interval of 1 min and replaced with 5 ml of
salivary fluids to maintain equilibrium. The collected samples were filtered through 0.45 p filter paper and
subjected for scanning under UV visible spectrophotometer at 280 nm [28] . The results were carried out in
triplicates (n =3).

4.6.7.  Content uniformity

Random selection of OTF film of Bilastine was carried out and further allowed to dissolve in the artificial
saliva solution. The solution was further filtered, diluted and characterized with UV visible spectrophotometer
at 280 nm [29].

4.7. Stability study

The stability study of an optimized OTF of Bilastine was packed in aluminum pouch of required size. This
pouch was kept at 400 C and 75 % RH for 90 days (Remi India, SC-12 plus). The samples were withdrawn at
an interval of one month and tested for disintegration time, folding endurance, in-vitro dissolution and
change in thickness [30]- The results were carried out in triplicates (n =3).
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