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e present work endeavors fabrication of fast dissolving buccal �lm of clonidine hydrochloride by employing quality by design
(QbD) based approach. 
e total nine formulations were prepared according to formulation by design helped by JMP so�ware
13.2.1. 
e patient oriented quality target product pro�les were earmarked and on that basis critical quality attributes were
identi�ed. Preliminary screening studies along with initial risk assessment eased the selection of �lm-forming polymer (HPMC
E 15) and plasticizer (PEG 400) as CMAs for formulation of �lms. A 32 full factorial plan was utilized for assurance of impact,
i.e., HPMC E15 (X1) and PEG 400 (X2), as independent variables (factors) on thickness (mm) (Y1), disintegration time (s) (Y2),
folding endurance (Y3), and tensile strength (kg) (Y4). Furthermore, prediction pro�ler assists in predicting composition of best
formulation encompassing desired targeted response.
e optimized formulation (F6) showed fast drug dissolution (>90%) within
8 min, and solid state characterization by DSC, XRD revealed excellent �lm characteristics. In a nutshell, the fast dissolving buccal
�lm for clonidine hydrochloride was successfully developed assisted by QbD approachwithmarkedly improved biopharmaceutical
performance as well as patient compliance.

1. Introduction

Clonidine Hydrochloride (CLH) is an antihypertensive drug
that has a well-established safety pro�le in the treatment of
hypertension. It prevents a problem of high blood pressure
such asmyocardial infarction and stroke. Further, it also used
to prevent menopausal symptoms and symptoms of opioid
withdrawal [1]. CLH is an �2-adrenoceptor agonist, which
has both peripheral and central e�ects [2]. CLH is freely
soluble in water, ethanol, and slightly soluble in chloroform.
It is in white crystalline powder form, stable in light, air,
and room temperature [3]. It has molecular weight of 266.6
[4]. CLH is well absorbed from the gastrointestinal tract;
however, its oral bioavailability in humans is poor which
suggests extensive �rst pass metabolism of the drug. It has
a half-life of 12-16 h [3]. 
e daily e�ective dose of CLH is in
the range of 0.1-0.2mg, and nearly 65% of which is eliminated
through kidney and 20% through faces [5]. Taking the above

ideal properties of CLH into the consideration, to best of our
knowledge, we have planned to prepare fast dissolving buccal
�lm (FDBF) of CLH as no attempt has been reported in the
literature.

Hypertension is de�ned as the systolic blood pressure
≥140 mmHg and diastolic blood pressure ≥90 mmHg [6].

e aim of preparation of FDBF is to reduce the dissolution
time which gives quick onset of action and also avoid the
�rst pass metabolism of model drug. 
e several studies
reported the bene�ts of giving CLH by sublingual route over
oral administration as later route associated with dry mouth,
fatigue, hypotensive e�ect [5], and swallowing di�culty [7, 8].
Further, sublingual administration of CLHwas reported to be
e�ective, simple, and safe [9].

In spite of astounding development in drug delivery sys-
tem, the oral route of drug administration is still considered
as a most preferred route of administration for systemic
e�ect because of self-medication, ease of administration, and
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avoidance of pain compared to a parenteral route [10].
Typically geriatric, pediatric, and bedridden patient pose
di�culties in swallowing the conventional oral dosage forms
such as tablets and capsules to overcome this problem
[11]. A novel formulation was developed in late 1970s, i.e.,
FDBF as an alternative to tablets, capsules, syrups, and
other formulations [12], with several inherent advantages
over traditional tablet and liquid formulations [10]. 
e only
commercially available oral formulation of CLH is a tablet.
FDBFs are advanced, versatile oral solid dosage form due
to its more �exibility and comfort. 
e advantage of these
�lms over oral rapid dissolving tablets is that the �lms do not
deliver a feeling of foreign body to patients, thus avoiding
the spit-out of dosage form [13]. Kinds of literature reveal
that developed liquid formulation, containing CLH [1], has
its own limitations. 
us FDBF is very thin strip and gives
better e�cacy by dissolving drug within a second (s) in the
oral cavity a�er the contact with saliva without chewing and
it also avoids the use of water for its administration. It gives
fast absorption which in turn leads to higher bioavailability
of the model drug because of high regional blood �ow along
with the higher permeability (4-1000 times greater than that
of skin) of oral mucosa [9, 10]. Furthermore, FDBF prevents
�rst pass metabolism which leads to more availability of drug
in blood [14].

In recent years, the development process of pharmaceu-
tical preparation has changed. Quality by design (QbD) is a
methodology used to build quality into products, by design
[15].
e QbD approach is used to ensure the pharmaceutical
development is conducted in arrange to have in the end a
systematic understanding of how process parameters a�ect
a product [16]. According to ICH (International Conference
Harmonization) Q8, QbD can be de�ned as “a systematic
approach towards development that begins with prede�ned
objectives and emphasizes product and process understand-
ing and process control, based on sound science and quality
risk management” [17]. A very common tool or element used
in the QbD is the quality target product pro�le (QTPP),
which can be de�ned as “a dynamic product description that
summarizes the quality characteristics expected to guarantee
the product performance, stability, safety, and e�ciency”.
Mainly, QTPP includes the critical quality attributes (CQAs)
and critical process parameters (CPPs). CQAs might be
continued as attributes that characteristic of product quality
and CPPs refers to critical process parameters or variables
that can impact these characteristics. 
erefore, the mix of
the CQAs and CPPs allows the explanation of design space.

e preparation of FDBF and QTPPmay be organized based
on earlier reported studies considering the essential require-
ments for manufacturing as well as techniques available for
its characterization to get the desired �lm properties. A
prepared FDBF should be handled without being harmed,
ought to be physically stable and give a simple and pleasant
administration. 
ese properties may be translated into
product quality attributes, such as appropriate organoleptic
and mechanical properties [15].

FDBFs of CLH can be visualized as a thin elegant,
unobstructive, mucoadhesive �lm coupled with performance
features of fast dissolution and rapid release that does not

require special packaging. It can be carried in a patient’s
pocket, wallet, or pocket book.
erefore, objective of present
work is to develop and evaluate FDBF of CLH based on QbD
approach that can be considered as superior alternative to a
marketed formulation in terms of its performance and patient
acceptability. Moreover, these FDBFs are gaining interest
nowadays due to their ability to achieve rapid drug onset
through sublingual and buccal route. 
e formulated �lms
were evaluated of physicochemical properties by using X-
ray di�raction (XRD) and di�erential scanning calorimetry
(DSC). 
ese �lms were also evaluated for drug dissolu-
tion study, in vitro disintegration time, surface pH, folding
endurance, tensile strength, etc.

2. Materials and Methods

2.1. Materials. Clonidine hydrochloride was a generous gi�
of Unichem Laboratories Ltd. Goa, India. HPMC E -15
(Hydroxy propylmethyl cellulose) was procured fromSigma-
Aldrich Chemicals Pvt. Ltd., Mumbai, India. Xylitol was
gi�ed by Cipla Ltd. Mumbai, India. All other chemicals and
reagents utilized were analytical grades.

2.2. Methods

2.2.1. Assigning of QTPP and CQA. 
e QbD approach was
initiated with proper selection and assignment of QTPP
encompassing the proactive summary for utilizing the max-
imum bene�ts of developed formulation. Pharmaceutical
development of FDBF containing CLH begins with the
assignment of critical process and formulation attributes
through the QTPP. Patient-centric approach mainly focuses
on a safe e�cacious use of FDBF that will facilitate patient
compliance with rapid onset of drug action. 
e CPP for
FDBF should be robust, reproducible, and should result in a
product that meets the appropriate speci�cation. Each CPP
was subjectively positioned as high-, medium-, or low-risk(s)
level thinking about the likelihood of risk and severity of
associated impact on the CQAs.

2.2.2. Risk Assessment. Risk assessment studies were exe-
cuted to identify the critical material attributes (CMA) or
CPPs having signi�cant in�uence on CQAs of FDBF. An
Ishikawa �sh-bone diagram (Figure 1) was portrayed to enlist
the potential high-risk factors that a�ect quality of �nal
formulation. 
e list encompasses nuance of key material
attributes and/or process variables for development of FDBF
containing CLH.

2.2.3. Design of Experiment (DoE). Design of experimenta-
tion (DoE) is a systematic study to determine the interaction
between material and/or process parameters on the perfor-
mance of �nal formulation. In the present study, a 32 full
factorial design approach was utilized to investigate the in�u-
ence of various independent variables on dependent vari-
ables. Statistical so�ware JMP�13.2.1 (Statistical Analysis So�-
ware; SAS Institute Inc., North Carolina, US) was employed
to perform design of experiments. Independent variables
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Figure 1: Ishikawa �sh-bone diagram depicting the cause and e�ect relationship among the formulation and process variables.

(factors), e.g., HPMC (Hydroxy propyl methyl cellulose) E15
(%) (X1) and PEG (Polyethylene glycol) 400 (%) (X2) and
the dependent variables (response), e.g., thickness (mm) (Y1 ),
disintegration time (s) (Y2), folding endurance (Y3), and ten-
sile strength (kg) (Y4) were studied and analysis of variance
(ANOVA)was performed.
e selections of factors (X1&X2),
as well as their levels, were completely based on prelimi-
nary trials conducted to ensure formation of FDBF. Table 1
depicts the DoE runs with de�ned dependent variables along
with other ingredients for the formulation of FDBF. All
experimentations were runs in a random fashion with each
formulation batch. Total of 9 experimentation runs were
allotted and accordingly each formulation was developed.

2.2.4. Fabrication of Fast Dissolving Buccal Film (FDBF).
FDBF of CLH was fabricated by a solvent-casting technique
employing hydroxyl propyl HPMC- E15, PEG-400, and
other suitable ingredients (Table 1). HPMC E-15 in di�erent
proportions, i.e., 2, 2.5, and 3% w/w, and PEG-400 (2, 4, and
6% w/w) were mixed with 10 mL of distilled water followed
by continuous stirring for 30 min.
e solution was then kept
aside for 1 h to escape the entrapped air bubbles in a mixture.
In another baker; CLH, citric acid, sodium lauryl sulphate
(SLS), xylitol, and lemon �avor were dissolved in su�cient
amount of water and mixed with �rst polymeric solution in a
drop-wisemanner with continuous stirring. 
e solution was
le� for 30min for removal of entrapped air bubbles.
e solu-
tion was poured on a Petri-plate (diameter 9 cm) and dried at
ambient room temperature for 24 h.Adried �lmwas carefully
scratched from Petri-plate and inspected for appearance and
integrity. Finally, suitable �lms were cuts into a required size
(2×2 cm) containing a therapeutic dose of CLH (0.2 mg).
e
�lms were packed in polyethylene strip and stored at normal
room temperature until further evaluation.

2.3. Characterizations of FDBF

2.3.1. Measurement of �ickness. 
e thickness of prepared
FDBF �lms was measured by using digital vernier caliper

(Mitutoyo, Japan). Measurements at four di�erent corners
of �lms were taken and their mean average was calculated
[18].

2.3.2. Estimation of Drug Content. Estimation of drug con-
tent was made to ensure a uniform dispersion of drug
throughout the �lms. Each �lm was dissolved in 10 mL
phosphate bu�er (pH 6.8) placed in volumetric �ask and
then stirred until complete dissolution of �lm. 
e solution
was �ltered and drug was estimated spectrophotometri-
cally (UV-Spectrophotometer, Shimadzu 1700) by measuring
absorbance at 271 nm [19].

2.3.3. Estimation of Disintegration Time. It is a time a�er
which �lm collapse when brought into contact with water.
It is estimated by placing the desired �lm in Petri-plate
containing 25mL of water and time was noted a�er complete
disintegration or collapsing of �lm. 
e disintegration time
limits, i.e., 30s or less, is considered optimum [8, 20].

2.3.4. Estimation of Folding Endurance. Folding endurance
is a key parameter which reveals a mechanical characteristic
of �lm. A good �lm should be able to withstand minimum
tear and wear as well as maintain its integrity during admin-
istration. It is estimated by repeatedly folding the �lm at a
particular point for more than 200 times. A high number of
folding endurances indicate good mechanical strength of a
�lm [21].

2.3.5. Estimation of Moisture Absorption (%). Estimation of
moisture absorption by �lm was carried out in a desiccator
saturated with salt solution, i.e., KCl, to maintain a relative
humidity (84%). Preweighted �lms were kept in desiccator
at room temperature for 24 h. 
erea�er, each �lm was
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reweighed andmoisture uptake by a �lm was calculated from
the following equation [22].

Percentage moisture uptake

= ((����	 
�. − ������	 
�.)(����	 
�.) × 100) (1)

2.3.6. Estimation of Tensile Strength. Tensile strength of the
�lms was determined by Texture analyzer testing machine
(Texture Pro CT V1.3 Build 15, Brook�eld). It comprises two
load cell grasps, bringing down one which is settled and the
upper one ismovable. Each�lmwas settled between these cell
holds and powerwas progressively applied till the �lm breaks.

e tension (kg) required to break the �lms was indicated by
the dial reading. Allmeasurementwas performed in triplicate
[23].

2.3.7. Estimation of pH (Film Surface). 
e pH of �lm
surface was estimated by little modi�cation with a previ-
ously reported method. Each �lm was wetted with su�cient
amount of double distilled water and then allowed to equili-
brate for 30 min in Petri-plate. 
e pH electrode was brought
into contact with the surface of wet �lm and pH was digitally
displayed by pH meter (pH system 362, Systronics) [24].

2.3.8. In Vitro Drug Dissolution Study. 
e in vitro disso-
lution study of FDBF’s was performed by using USP-XXVI
dissolution apparatus type-I (basket type). 
e dissolution
medium consists of 300 mL of phosphate bu�er (pH 6.8)
maintained at 37∘C ± 0.5∘C with a rotation speed of 50 rpm.
Each �lm was placed and �xed �rmly inside the basket. At
speci�ed time intervals, i.e., 0.5, 1, 2, 4, 8, 10, 12, and 15
min aliquots of 5 mL, were withdrawn from each vessel,
�ltered, and analyzed for CLH by using spectrophotometer
(Shimadzu-1700) at 271 nm. 
e volume in vessel was
replenished with fresh bu�er (5 mL) to maintain the sink
condition [25].

2.3.9. Differential Scanning Calorimetry (DSC). 
e thermal
behavior of CLH, HPMC E15, and FDBF (F6) optimized
batch was investigated using di�erential scanning calorime-
try (DSC 822c, Mettler Toledo). 
e CLH and HPMC E15
weighing approximately 2 mg were placed in a pan and
sealed hermetically with aluminum cover. FDBF (F6) was
cut into �ne pieces using a sharp cutter. Each sample was
then scanned at temperature condition, i.e., 30 to 350∘C with
constant heating rate of 10∘C/min using nitrogen gas �ow rate
of 20 mL/min [26, 27].

2.3.10. X-Ray Diffraction Study (XRD). XRD was performed
to study crystalline behavior of the drug a�er formulating
into a �nal formulation. 
e CLH and FDBF (F6) were
subjected to X-ray di�raction analysis using X-ray powder
di�ractometer (XRD-6000; Shimadzu, Japan). 
e equip-
ment is built with standard Cu sealed X-ray tube operating
with 40 kV voltages and 30 mA current. 
e XRD patterns

were recorded over the 2� range at a scanning rate of 4∘/min
[28, 29].

2.3.11. Accelerated Stability Study. Accelerated stability stud-
ies were carried out on FDBF (F6) formulation as per
International Conference onHarmonization (ICH)Q1A (R2)
guidelines. FDBF’s formulation was packed in a strip of
polyethylene and stored at 75 ± 5% RH and a temperature 40
± 2∘C. At periodic intervals, the formulation was taken out
at 0, 15, 30, 60, and 90 days and analyzed for the following
parameters: (a) appearance, (b) folding endurance, (c) drug
content, and (d) disintegration time [10, 30].

3. Result and Discussion


e CQAs of CLH FDBF are investigated using QbD
approach. 
e prime considerations were given to those
parameters which have a signi�cant in�uence on quality
of �lm formulation. Accordingly, the CQAs of CLH FDBF
identi�ed include thickness of �lm, folding endurance, dis-
integration time, and drug dissolution. Screening design
was carried out to study the in�uence of each independent
variable on respective responses.

3.1. Quality Target Product Profile. QTPP was utilized for
identi�cation of critical quality attributes and desired dosage
form of CLH (FDBF). CLH FDBF was developed for the
management and treatment of hypertension or high blood
pressure. QTPP of CLH encompasses safe and e�cacious
administration of FDBF that facilitates rapid drug action
and thereby improves the patient compliance. 
e technique
employed for the preparation of FDBFs was robust and
reproducible in nature, and therefore product meets drug
product critical quality attributes. Table 2 enlists the QTPP
with justi�cations for their selection.

3.2. Construction of Ishikawa Diagram. Ishikawa diagram
was constructed to structure the risk analysis operation for
determining the causes and subcauses a�ecting the CQAs. A
risk assessment process was performed to identify high-risk
steps that may a�ect the CQAs of FDBFs; it comprises critical
materials attributes (CMA’s) and CPPs. Figure 1 illustrates
Ishikawa (�sh-bone) diagram for CLH FDBFs portraying a
cause and e�ects correlation between the potential factors
in�uencing CQAs of FDBF.

Risk assessment studies have suggested that, among the
several process and formulation parameters screened, the
formulation parameters such as concentration of polymer
(X1) and plasticizer (X2) were reported to be critical due
to associated high risk on selected critical quality attributes,
i.e., �lm thickness (Y1), disintegration time (Y2), folding
endurance (Y3), and tensile strength (Y4). Further, fast
dissolving buccal �lm was prepared by using solvent-casting
method without employing any sophisticated instrument in
the laboratory and hence no such process parameters were
reported to have a signi�cant impact on the formulation dur-
ing all experimentation run. However, several formulations
parameters such as sodium lauryl sulphate or citric acid were
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Table 2: Quality target product pro�le (QTPP) earmarked for fast dissolving buccal �lm of CLH.

QTPP Target Justi�cation

Dosage form Buccal Film
Pharmaceutical requirement; equivalence
same dosage form.

Route of administration Buccal Cavity

Recommended route for delivery of
Clonidine HCl to enhance drug
dissolution and bypass the �rst pass
metabolism.

Dosage strength 0.2 mg
Unit dose of Clonidine HCl incorporated
into a single formulation of FDBF

Dosage Type
Fast dissolving buccal

�lm (FDBF)
Faster onset of action leading to
enhanced therapeutic e�ect.

Packaging Polyethylene strip
Pharmaceutical requirement equivalence
same packaging

Stability
At least 90 days at
room temperature

To maintain therapeutic potential of the
drug during stipulated storage period

Alternative routes of
administration

None No other method of administration.

reported to involve lowor negligible risk and hencewere �xed
at constant concentration.

3.3. �ickness (Y1). 
e thickness of prepared FDBF of CLH
was in the range of 0.113 ± 0.014 to 0.198 ± 0.016 mm. 
ick-
ness of FDBF could be attributed to �lm-forming polymer
and plasticizer. Impact of both factors on �lm thickness is
depicted in (Figure 2(a)). 
e results showed HPMC E 15 is
key parameter responsible for �lm thickness. 
e in�uence
on �lm thickness was signi�cant and easily observed with
increase in HPMC E 15 concentration (Table 3). Moreover,
plasticizer is assumed to occupy additional volume and is
responsible for disrupting and restructuring of polymer chain
imparting thickness to FDBFs [31]. However, the in�uence of
�lm-forming polymer is considered a signi�cant factor for
�lm thickness compared to amount of plasticizer employed
(Table 1). 
e polynomial equation for �lm thickness is
described as follows:

Film thickness (Y1) = 0.147 + 0.023X1 + 0.0186X2
+ 0.009X1X2

(2)

At increasing the concentration of HPMC E15 (X1) and PEG
400 (X2), the �lm thickness was found to be increased,
suggesting both factors have a positive in�uence on response,
while the impact ofHPMCE15 (X1) wasmore signi�cant than
PEG 400 (X2).

3.4. Disintegration Time (Y2). Disintegration time (DT) gives
an indication about an onset of action which is desirable
for oral thin �lms [24]. DT of all prepared FDBF of CLH
was below 28 ± 2.9 s, complying the standard mentioned
elsewhere [16]. 
e in�uence of both factors (X1 and X2)
showed signi�cant increase in DT (Y2) at a higher level.

e Figure 2(b) depicts a counter-plot indicating an impact
of factors on disintegration time (s). Both factors would be
considered while controlling the disintegration time of FDBF.
However, HPMC E 15 and PEG 400 at high concentration

would produce �lms which ful�ll a condition for fast disso-
lution. 
e result is summarized in Table 3. 
e polynomial
equation relating to disintegration time is represented as
follows:

Disintegration time (sec)
= 24.88 + 0.5X1 + 3.166X2 + 0.0X1X2

(3)


e polynomial equation indicated that concentration of
HPMC E15 (X1) and PEG 400 (X2) also favors the response,
but in�uence of PEG 400 (X2) was more signi�cant as
compared to HPMC E15 (X1).

3.5. Folding Endurance (Y3). All prepared FDBF of CLH
exhibits folding endurance 269 ± 5.72 to 295 ± 2.28 times
(no), demonstrating good mechanical strength and ensured
good �exibility. Film former (HPMC E15) ensures su�cient
strength and plasticizer (PEG 400) is responsible for impart-
ing �exibility to �lm.
erefore, an appropriate concentration
of both of these factors would produce a FDBF having
desirable quality.


e results indicated that HPMC E15 and PEG 400 have
a positive in�uence on folding endurance (Table 3). PEG 400
is considered main contributing factor for folding endurance,
as it causes relaxation of linear polymeric chains possibly
by forming hydrogen bonding leading to more �exibility
and subsequently high folding endurance numbers [15].
Figure 2(c) demonstrated the impact of HPMC E15 and PEG
400 on folding endurance. 
e polynomial term for folding
endurance is described below:

Folding endurance = 281 − 4.833X1 + 7.5X2
− 2.75X1X2

(4)


e polynomial equation suggested that concentration of
PEG 400 (X2) has a promising in�uence on the folding
endurance; however, HPMC E15 (X1) indicated negative
in�uence on response. 
e interactive e�ects of both these
factors suggested the negative impact.
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Figure 2: Counter-plot illustrating the in�uence of HPMC E 15 (X1) and PEG 400 (X2) on (a) thickness, (b) disintegration time, (c) folding
endurance, and (d) tensile strength.

3.6. Tensile Strength (Y4). 
e tensile strength of prepared
FDBF of CLH was in the range 0.289 ± 0.009 to 0.392 ±
0.023 kg (Table 3). Figure 3 depicts the tensile strength of
optimized (F6) formulation. Tensile strength is considered
a crucial factor for development of FDBF. 
e nature and
amount of plasticizer and �lm-forming polymer employed
would a�ect tensile strength properties of FDBF. Higher
concentration of plasticizer in FDBF results in a high
tensile strength and more �exibility of �lm. Figure 2(d)
illustrated the in�uence of HPMC E15 and PEG 400 on
tensile strength. 
e results revealed that HPMC E 15 and
PEG 400 both have positive in�uence on tensile strength,
i.e., an increment in concentrations results into a greater

response. However, the role of PEG 400 was considered more
signi�cant as it impartsmore elasticity and reduces brittleness
of FDB.
e polynomial equation for tensile strength is given
below:

Tensile strength = 0.33 + 0.019X1 + 0.0325X2
+ 0.01X1X2

(5)


e polynomial equation reveled that concentration of
HPMC E15 (X1) and PEG 400 (X2) positively improves
the tensile strength. Further, PEG 400 (X2) was considered
more signi�cant for increasing the tensile strength of the
�lm.
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Figure 4: Prediction pro�ler (4(a)) and standard Pareto plot (4(b)) illustrating the e�ects HPMC HPMC E 15 (X1) and PEG 400 (X2) on
thickness, disintegration time, folding endurance, and tensile strength. 
e black lines denote the prediction trace; the dotted perpendicular
red line corresponds to the current concentration of factor; and the value in red on vertical axis is predicted response based on the current
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3.7. Prediction Profile. 
e prediction pro�le (PP) is the
easiest way to predict the response surface and also helps
to �nalize the best formulation composition based on target
responses. 
e PP is generated for CQAs and is mainly
concerned with predicted values which were not examined.
Each individual plot or graph shows the prediction values
for respective CQAs. 
is prediction trace indicates the
expected variance of response with slight modi�cation in a
single variable while others are kept constant. Figure 4(a)
represents the prediction pro�ler for thickness, disintegra-
tion time, folding endurance, and tensile strength. 
e

X-axis represents concentration of factors whereas Y-axis
represents/response parameters. 
e parallel and horizontal
line represents predicted values of factors for best possible
formulation composition. Figure 4(b) represents Pareto plot
showing the in�uence each individual factor, i.e., X1 and X2,
as well as their interactive e�ects on di�erent responses, i.e.,
thickness (Y1), disintegration time (Y2), folding endurance
(Y3), and tensile strength (Y4).


e analysis of variance (ANOVA) was employed to
estimate the accuracy of PP. 
e model was considered
signi�cant when the probability value (P) was found to
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Table 4: ANOVA result (P value) of each response (thickness,
folding endurance, disintegration time, and tensile strength).

Response P value R square R square Adjusted


ickness (mm) <0.0001 0.98 0.52

Folding endurance (no) 0.016 0.85 0.57

Disintegration time (s) 0.0011 0.95 0.91

Tensile Strength (g) 0.0003 0.97 0.64


e bold and italic fonts are indicating the signi�cance of each model.
e P
value< 0.01 andR squaremore than0.6means very good�tmodels indicated
as bold font, P value < 0.05 and R square value in between 0.4 and 0.6 means
good �t models indicated as italic font.

be 0.05 or less; also regression coe�cient (R2) was closer
to 1. Detailed ANOVA studies are presented in Table 4.

e ANOVA revealed that all selected response parameters
showed P <0.01 and R square (0.85 to 0.98), suggesting all
values were signi�cant. 
erefore, it can be concluded that
the DoE was suited for above study with a good �tting of
model.

3.8. Moisture Absorption (%). 
e absorption of moisture by
a �lm leads to a�ecting the �lm properties. 
e uptake of
moisture originates sticky �lm may retain on patient �ngers
or inside of packaging container. Furthermore, presence of
moisture in �lm also a�ects the disintegration and dissolution
behavior; therefore utmost care should be taken to prevent it
frommoisture.Moisture absorption of developed FDBFs was
1.95 ± 0.59 to 12.64 ± 1.26 represented in Table 3, indicating
very low moisture absorption. However, moisture absorption
of �lm was recognized as medium level CQA because it
governs the determination of half-life and storage conditions
of �nal product.

3.9. DrugContent (%). 
edrug content (%) of all FDBFswas
in a range of 88.65 ± 3.46 to 98.97 ± 3.27 (Table 3), indicating
uniform dispersion of CLH throughout a �lm.
e good drug
content also ensures dose proportionality and uniformity.

e limit of drug content is 85-115% [32].

3.10. Surface pH. 
e surface pH of all FDBFs formulations
was 6.51 ± 0.03 to 6.86 ± 0.07 within ± 0.5 units (Table 3),
all values were near neutral pH, and therefore no mucosal
irritation anticipated consequently helps to build patient
comforts and compliance.

3.11. In Vitro Dissolution Study. 
e in vitro dissolution study
of all nine designed formulations of CLH FDBFs revealed
faster drug dissolution with more than 90% of drug dissolved
within 8 min (Figure 5). As stated in literature the optimum
time for complete drug dissolution of fast dissolving buccal
�lm should be 10-40 min [31]. 
e concentration of �lm-
forming polymer and plasticizer in�uences dissolution pro-
cess. However, the in�uence of plasticizer was comparatively
more as drug dissolution ascended with an increase in the
concentration of plasticizer (Table 3).
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Figure 5: In vitro drug dissolution study of fast dissolving �lms
formulations F1 to F9 (n=3).

3.12. Differential Scanning Calorimetry. DSC thermogram of
CLH, FDBF (placebo) and optimized formulation of CLH
FDBF (F6) is depicted in Figure 6 and thermogram of CLH
Figure 6(A) showed a sharp endothermic peak at 312∘C quit
nearer to itsmelting point, representing crystalline nature of a
drug. Figure 6(B) represents thermogram of FDBF (placebo)
indicating a broad and di�use pattern with endothermic peak
at 75∘C, possibly due to absence of CLH in formulation.
However, CLH FDBF (F6), in Figure 6(C), showed the
absence of sharp crystalline peak of CLH as well as broad
endothermic peak (in case of placebo), clearly indicating that
CLH is uniformly distributed and caged in linear chain of
�lm-forming polymer.

3.13. X-Ray Diffraction Study (XRD). 
e X-ray di�raction
spectrum of CLH and optimized FDBF (F6) formulation
is presented in Figure 7. CLH showed the characteristic
intense peaks at 2� angle, namely, 22.35, 25.34, 27.14, 29.24,
30.95, 33.98, 36.94, 40.96, 50.12, 52.80, and 54.44∘ indicating
crystalline nature of drug (Figure 7(a)). 
e XRD pattern
for optimized formulation (F6) of FDBF showed few char-
acteristic di�raction peaks with reduced intensity suggesting
the caging of drug in linear chain of �lm-forming polymer
(Figure 7(b)).

3.14. Accelerated Stability Study. 
e optimized FDBF (F6)
formulation was found to be physically and chemically stable
at selected temperature and humidity (40 ± 2∘C/75 ± 5% RH)
conditions.No signi�cant di�erencewas reported in all inves-
tigated parameters, i.e., drug content, folding endurance, and
disintegration time along with physical appearance. Table 5
depicts the result of all evaluated parameters before and a�er
storing and all values showed no measurable di�erence.

4. Conclusion

FDBF for CLH was successfully developed and optimized
using quality by design approach (QbD). ANOVA study
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Figure 7: X-ray di�ractogram: (a) pure drug (CLH) and (b) FDBF (F6) formulation.

Table 5: Data represents the stability testing parameters of optimized formulation (F6) at accelerated conditions.

Sr. Evaluation 0 days
15 days storage 30 days storage 60 days storage

90 days

No. Parameters storage storage

1 Physical appearance Transparent white Transparent white Transparent white Transparent white Transparent white

2 Disintegration time (s) 28 ± 2.9 26 ± 1.3 26 ± 3.5 25 ± 2.8 23 ± 5.1
3 Folding endurance 295 ± 2.28 291 ± 3.92 289 ± 6.42 281 ± 2.97 278 ± 5.57
4 Drug content (%) 98.97 ± 3.27 97.65 ± 2.71 96.14 ± 1.68 95.52 ± 3.82 95.09 ± 2.76

revealed good �tting of screening model for stated work;
furthermore, PP helps to predict the best possible com-
bination of factors with desired targeted responses. JMP�
so�ware assisted in design of experiments with appropri-
ate screening model. 
e optimized FDBF (F6) showed
excellent features, like more than 90% drug dissolution
within 8 min. Solid state characterization of F6 formulation
by DSC and PXRD indicates a uniform distribution of
drug over the �lm formulation. Furthermore, the accel-
erated stability testing carried out for three months con-
�rmed robustness of optimized CLH FDBF (F6). 
erefore,
FDBF for CLH could be sorted as promising alternative
for its administration with better patient compliance. How-
ever, the detailed studies on pharmacokinetics are further
needed to prove clinical e�ectiveness of CLH containing
FDBF.
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