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Abstract

Background: The conventional oral dosage forms are not effective in dealing with chronopathological conditions,
such as nocturnal asthma. Therefore, there is an unmet need to develop a delivery system that can deliver drug as
per the chronopharmacology of the diseases. The purpose of the study is to use quality by design (QbD) technique
and pulsatile principles for the development of Eudragit-coated dual release bilayer tablets. The dual layer consists
of immediate release layer of fexofenadine HCl and sustained release layer of montelukast sodium.

Results: The quality target product profile of the formulation was developed, and the critical quality attributes were
identified. Three-level, three-factor Box-Behnken design was used for the optimization of the bilayer tablets. Based
on the design, a total of 13 formulation combinations (F1–F13 and M1–M13) were made having acceptable
micromeritic properties. The developed immediate and sustained release layers were evaluated for physicochemical
properties. Depending upon the value of the diffusion exponent, the Fickian diffusion mechanism is dominant
among immediate and sustained release tablet layers. Response curve for immediate release layer showed that
concentrations of sodium starch glycolate and sodium bicarbonate had a negative effect on disintegration time
and a positive effect on drug release. For sustained release tablet layer, concentrations of HPMC E 5 LV and
magnesium stearate had a significant effect on drug release. The ANOVA and diagnostic plots confirmed the
significance and goodness of fit of the used model. Based on desirability plot values, optimized formulation was
developed and coated with Eudragit coat. The coated bilayer tablet showed met the requirement of providing an
immediate release during the first hour and a sustained release action for a period of more than 8 h after passing
the gastric region.

Conclusions: The formulation can be fruitful in curbing the menace of nocturnal asthma and providing a high
degree of patient compliance as the patient will not have to wake up at night to take the medication.

Keywords: Chronotherapy, Box-Behnken design, Fexofenadine, Montelukast, Optimization, Tablet, Eudragit, Quality
by design
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Background
Nocturnal asthma can be defined as a drop in the
forced expiratory volume in 1 s (FEV1) of at least
15% in between the bedtime and awakening in pa-
tients who suffered from asthma [1]. There is an in-
crease in bronchial hyper-reactivity at night along
with a decrease in lung function. This happens due to
the circadian changes in the body’s cortisol levels
during the night [2]. An examination was directed at
7729 patients with asthma keeping in mind the end
goal to investigate the pervasiveness of nocturnal
asthma symptoms. Results showed that 64% of the
patients indicated nocturnal asthma symptoms no less
than 3 times per week. About 26% of 3015 patients
associated with mild asthmatic condition awakened at
the night [3]. In another study, 3129 patients with
nocturnal asthma were investigated and about 94% of
them showed dyspneic episodes between 10 pm and 7
am [4]. Studies have shown that nocturnal asthma is
associated with mortality and the majority of the sud-
den death occurs between midnight and 5 am [5, 6].
The conventional dosage forms were found less ef-
fective in the management of nocturnal asthmatic at-
tacks. Therefore, there is a need for a modified
system in order to overcome the present limitations.
The pulsatile systems have shown positive outcomes

in the management of ailment with chronopathalogy,
such as nocturnal asthma [7]. The chronotherapeutic
pulsatile systems release the drug in a pulsatile manner
at a predetermine off-release period (lag time) in a spe-
cific site in order to emulate the chronopathological
symptoms [8]. The bi- or multilayer drug delivery frame-
works are gaining more acceptance due to various bene-
fits, such as two different or same therapeutic entity can
be delivered with different release profile, and thera-
peutic efficacy can be increased due to the synergistic ef-
fect of two drugs and reduces the dosing unit burden
thus improving patient compliance [9–11]. To date, dif-
ferent technologies have been used in the development
of the modified tablets, such as OROS®, L-OROSTM,
EN SO TROL, DUROS, and DUREDAS [9]. In the
present investigation, Dual Release Drug Absorption
System (DUREDAS) technology was used for the devel-
opment of fexofenadine HCl- and montelukast sodium-
loaded bilayer tablet.
In the development of any pharmaceutical product,

the quality of the dosage form is of prime importance
for regulatory bodies. Considering the specific end
goal to maintain the quality within the product, the
quality by design (QbD) approach has become
mandatory by all regulatory bodies. The principle of
QbD is described in the Q8 (R2) guideline of the
International Conference on Harmonisation (ICH) as
“a systematic approach to development that begins

with predefined objectives and emphasizes product
and process understanding and process control, based
on sound science and quality risk management” [12].
Three ICH guidelines, ICH Q8 (pharmaceutical devel-
opment), ICH Q9 (pharmaceutical risk management),
and ICH Q10 (pharmaceutical quality systems), cover
various aspects of QbD [13, 14]. The important ele-
ments of QbD include defining the objective, i.e.,
Quality Target Product Profile (QTPP), determination
of critical quality attributes (CQAs), risk assessment,
development of experimental design, implementation
of the control strategy, and continuous improvement.
The present investigation is focused on the applica-

tion of QbD for the development of chronomodulated
dual release bilayer tablets. Bilayer tablets of fexofena-
dine HCl and montelukast sodium were developed.
Montelukast sodium is a leukotriene receptor antag-
onist used for the treatment of asthma and seasonal
allergies. Fexofenadine HCl is a second generation H-
1 receptor antagonist or antihistamine used for the
management of allergic rhinitis. In addition, fexofena-
dine HCl also has an anti-inflammatory effect due to
mediators [15]. A combination therapy of antihista-
mines and antileukotrienes will show a synergistic ef-
fect for the better management of nocturnal asthma.
The pulsatile principle was used for the time release
of the drugs from each layer of the bilayer tablets. A
three-factor, three-level Box-Behnken design was used
for the design of experiment (DoE). The powder
blends were assessed for their micromeritic properties
and used for the development of bilayer tablets. The
prepared two different core tablet layers (immediate
and sustained layers) were evaluated for various pa-
rameters including drug release kinetics. The impact
of formulation variables on disintegration time and
drug release of two separate tablet layers was evalu-
ated. The optimized layers were used to prepare bi-
layer tablet by direct compression. Finally, the bilayer
tablet was coated with Eudragit S100 and evaluated
for various parameters including in vitro drug release.

Methods
Materials
Fexofenadine HCl and montelukast sodium were pur-
chased from Aspen Life Sciences, Amritsar, India.
The polyvinylpyrrolidone K30 (PVP K30), microcrys-
talline cellulose, lactose monohydrate, magnesium
stearate, and sodium starch glycolate were purchased
from BB Chemicals, Aurangabad, India. Isopropyl al-
cohol, indigo carmine blue, starch, hydroxypropyl
methylcellulose (HPMC E 5 LV), and phosphate buf-
fer saline (PBS) were purchased from Loba Chemie
Pvt. Ltd., Mumbai, India. All other chemicals are of
analytical grade.
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Drug-polymer compatibility studies
The drug-drug and drug-polymer compatibilities were
investigated using FTIR spectroscopy. The FTIR spectra
were recorded for the drugs alone and in combination
with polymers using the potassium bromide (KBr) dis-
persion method. The drug and combination samples
were added to KBr (1:1) and examined at the range of
400 to 4000 cm−1 with the resolution of 4 cm−1.

Initial risk assessment
The Quality Target Product Profile (QTPP) is an integral
part of the quality by design (QbD) approach and has
been described in ICH Q8 and Q9. In like manner, it is
imperative to recognize the objective at a beginning
period of the product development [13, 14]. The QTPP
incorporates item product attributes to guarantee that
the item meets the base wanted quality particulars. The
QTPP and CQAs for the bilayer tablet were determined
in light of the past investigations and literature reviews.

Experimental design
In the present work, 13-run, 3 factor, 3-level Box-
Behnken design (BBD) was used for creating second
order polynomial models and analyzing quadratic re-
sponse surfaces for optimizing the immediate and sus-
tained release layers of core tablets using Design-Expert
software (Trial version 11.0.5.0, Stat-Ease Inc., MN). The

design was used for assessing the main, interaction, and
quadratic effects of independent variables on dependent
variables using the following quadratic model:

Y ¼ β0 þ β1A þ β2B þ β3C ð1Þ

where Y is the dependent variable, β0–3 are the regres-
sion coefficients of independent variables and their mu-
tual interactions, and A, B, and C are the independent
variables [16]. The factors evaluated in the present work
are concentrations of fexofenadine HCl (mg), sodium
starch glycolate (mg), and sodium bicarbonate (mg) for
the immediate release layer, and concentrations of mon-
telukast sodium (mg), HPMC E 5 LV (mg), and magne-
sium stearate (mg) for the sustained release layer at low,
medium, and high values. The dependent variables/re-
sponses were drug release (%) and disintegration time
(seconds) for the immediate release layer and drug re-
lease (%) for the sustained release layer. The variables
and their levels used in the development and
optimization of immediate and sustained release tablet
layers are illustrated in Table 1.

Micromeritic studies
In view of the design of experiment (DoE), diverse powder
blends were prepared and set up for the development of im-
mediate release (F1–F13) and sustained release (M1–M13)

Table 1 Variables and their levels in Box-Behnken design for immediate and sustained release tablet layers

Immediate release fexofenadine HCl tablet layer

Levels

− 1 (low) 0 (medium) + 1 (high)

Independent variables

A = fexofenadine HCl (mg) 60 90 120

B = sodium starch glycolate (mg) 5 12.5 20

C = sodium bicarbonate 10 15 20

Dependent variables

Constraints

Y1 = drug release (%) Maximize

Y2 = disintegration time (seconds) Minimize

Sustained release montelukast sodium tablet layer

Levels

− 1 (low) 0 (medium) + 1 (high)

Independent variables

A = montelukast sodium (mg) 5 7.5 10

B = HPMC (mg) 15 30 45

C = magnesium stearate 2 3 4

Dependent variables

Constraints

Y = drug release (%) Maximize
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tablet layers. The powder blends were dried and mixed prop-
erly before evaluating their micromeritic properties. The
composition of the powder blends used for the development
of immediate and sustained release tablet layers is illustrated
in Table 2.

Angle of repose (θ)
For the determination of the angle of repose, precisely
measured powders (6 g) from each formulation (F1–F13
and M1–M13) were permitted to stream openly through
a funnel fixed to a stand at a specific height (h). The
height of the funnel was set approximately just above
the height of the heap. The radius (r) and height (h) of
the powder heap were determined to calculate the angle
of repose. The following formula was used to measure
the angle of repose:

θ ¼ tan−1 h=rð Þ ð2Þ

where θ is the angle of repose, h is the height of heap,
and r is the radius of the heap.
According to specifications of the monograph, the

value of θ indicates the flowability of the powder blend:
θ < 25°, excellent; 25–30°, good; 30–40°, fair; 40–45°,
poor; and θ > 45°, very poor [17].

Bulk density and tapped density
Dry powder blends (6 g) from each formulation were
gently shaken to break conceivable agglomerates present
and then poured in a measuring cylinder (50 ml). The
initial volume was noted, and the cylinder was held at a
height of 2.5 cm and allowed to fall at an interval of 2 s.
The tapping of the cylinder was continued until a con-
stant volume was noticed. The process was repeated
thrice (n = 3) for each formulation, and the average was
taken. The following formula was used for the determin-
ation of bulk density (BD) and tapped density (TD):

BD ¼ Weight of powder taken=Bulk volume of the packaging

ð3Þ
TD ¼ Weight of powder taken=Tapped volume of the packaging

ð4Þ

Compressibility index (Carr’s index)
Compressibility index (Carr’s index) of the dry powder
blends for immediate and sustained release tablet layers
was calculated using the following formula:

Carr’s index ¼ TD−BDð Þ=TD� 100 ð5Þ
Carr’s index also indicates the flowability of the pow-

der blend: 5–15%, excellent; 12–16%, good; 18–21%, fair;

Table 2 Composition of powder blends for the development of immediate release fexofenadine HCl and sustained release
montelukast sodium tablet layer

Immediate release fexofenadine HCl tablet layer

Ingredients (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13

Fexofenadine HCl 120 90 60 90 120 120 60 60 120 90 90 60 90

Microcrystalline cellulose 15 15 15 15 15 15 15 15 15 15 15 15 15

Lactose monohydrate 23 58 98 60.5 38 35.5 95.5 83 25.5 63 73 85.5 48

Sodium starch glycolate 20 20 5 12.5 5 12.5 12.5 20 12.5 5 5 12.5 20

Sodium bicarbonate 15 10 15 15 15 10 10 15 20 20 10 20 20

Starch 5 5 5 5 5 5 5 5 5 5 5 5 5

Magnesium stearate 2 2 2 2 2 2 2 2 2 2 2 2 2

Total weight 200 200 200 200 200 200 200 200 200 200 200 200 200

Sustained release montelukast sodium tablet layer

Ingredients (mg) M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13

Montelukast sodium 5 7.5 5 7.5 10 10 5 10 7.5 5 7.5 10 7.5

Microcrystalline cellulose 15 15 15 15 15 15 15 15 15 15 15 15 15

Lactose monohydrate 30.5 15 16.5 13 27.5 41.5 46.5 11.5 29 32.5 45 25.5 43

HPMC E 5 LV 30 45 45 45 30 15 15 45 30 30 15 30 15

PVP K-30 15 15 15 15 15 15 15 15 15 15 15 15 15

Magnesium stearate 4 2 3 4 2 3 3 3 3 2 2 4 4

Indigo carmine blue 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Total weight 100 100 100 100 100 100 100 100 100 100 100 100 100
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23–35%, poor; 33–38%, very poor; and > 40%, extremely
poor [18].

Hausner’s ratio
Hausner’s ratio of dry powder blends for immediate and
sustained release tablet layers was determined by the fol-
lowing formula:

Hausner’s ratio ¼ TD=BD ð6Þ

The values lesser than 1.25 indicate good flow,
whereas values greater than 1.25 indicate a poor flow.
Values between 1.25 and 1.5 are considered as average
flow, and generally, a glidant has to be added for im-
proving the flow properties [19].

Immediate and sustained release tablet layers
Development of tablet layers
The powder blends with different combinations were
used for the development of immediate and sustained
release tablet layers. The ingredients were first passed
through sieve number 44 to get a uniform particle
size. All the ingredients except magnesium stearate
were mixed in a mortar. Magnesium stearate was
added at the last step and mixed well. The powder
blends were then taken to the tablet punching ma-
chine. A three-punch hand-operated Trover Pharma
Mach tablet punching machine was used for direct
compression of the powder blends to get final tablet
layer formulations.

Evaluation of tablet layers
A total of ten tablet layers (n = 10) from the batch of
two different tablet layers (immediate and sustained)
were randomly selected for the evaluation of various
properties, such as hardness, percentage of friability,
and weight variation. In addition, the tablet layers
were also evaluated for the disintegration test for the
immediate release layer, in vitro drug dissolution, and
release kinetics. Disintegration test was performed
using an altered disintegration method with six tablets
(n = 6). The USP disintegration test apparatus was
maintained at a temperature of 37 ± 0.5 °C in phos-
phate buffer saline (PBS, pH 6.8). The tablets were
positioned in the baskets of the apparatus, and the
time taken for complete tablet disintegration was
noted [20]. The in vitro drug dissolution of the pre-
pared tablet layer formulations was studied using
eight-station USP type-II dissolution test apparatus
maintained at a temperature of 37 ± 0.5 °C. The study
was carried out in 900 ml of PBS (pH 6.8). The study
was performed for 60 min for the immediate release
tablet layer of fexofenadine HCl, while it was per-
formed for 8 h for sustained release tablet layer of

montelukast sodium [21]. Aliquots were withdrawn
after a predetermined time interval, and an equal vol-
ume of fresh buffer was added into the basket after
each withdrawal. The absorbance of the aliquots was
taken at 259 nm for fexofenadine HCl and at 285 nm
for montelukast sodium simultaneously using a vali-
dated UV spectrophotometer. For drug release kinet-
ics studies, different models, zero order, first order,
Higuchi, and Korsmeyer-Peppas models, were used.

Statistical optimization
The impact of factors on the tablet properties was
assessed through response surface plot (3D) and con-
tour plot (2D) and generated from Design-Expert
software. Statistical model validation involved asses-
sing statistical parameters of F value, correlation coef-
ficient (R2), adjusted R-squared (R2Adj), predicted R-
squared (R2Pred), predicted residual error sum of
squares (PRESS), and adequate precision (AP) gener-
ated by ANOVA provision to ascertain model suffi-
ciency and adequacy. An F value with p < 0.05
implied the significance of the model. A difference of
less than 0.2 between R2Adj and R2Pred would prove
that both values were in reasonable agreement with
each other. Statistical validation of polynomial equa-
tions was done by assessing ANOVA specifications.
Optimal values of the variables were then estimated
using the numerical and graphical optimization tool
by providing a set criterion of desirability to the soft-
ware. A measure of fit was provided by PRESS statis-
tics with a PRESS statistic of smaller value being
preferred. Design-Expert software developed diagnos-
tic plots like externally studentized residuals vs. pre-
dicted plot, predicted vs. actual plot, normal
probability plot, and externally studentized residuals
vs. run number plot which were analyzed to check if
the points fell on the diagonal in normal probability
plot and if they lay within the described limits or not.

Optimized bilayer tablet
Based on the optimized values of variables obtained,
bilayer tablets of fexofenadine HCl and montelukast
sodium were prepared by direct compression of tablet
layers. Powder blends of both layers were prepared
separately. The immediate release fexofenadine HCl
powder blend was first poured into the die of the tab-
let punching machine. Tablets of the first layer were
punched at a low compression force. Over this
punched layer, sustained release montelukast sodium
powder blend was poured. The compression force
was increased, and both the layers were punched to-
gether to get bilayer tablets. The two layers could be
clearly distinguished due to the addition of indigo
carmine blue in the sustained release tablet layer. The
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developed bilayer tablet was evaluated for various tab-
let parameters.

Eudragit-coated bilayer tablet
The bilayer tablets were meant to release the active
constituents in the intestine after a lag time of 2 h.
To meet this objective, the prepared tablets were
coated with a solution of Eudragit S100. Based on the
literature survey and hit and trial method, a 5% w/v
solution of Eudragit S100 solution was prepared using
isopropyl alcohol and acetone (1:1) for coating the
tablets. Dip coating technique was used for coating
the bilayer tablet. The prepared tablets were first
weighed and then transferred into a beaker containing
5% Eudragit S100 solution prepared in a mixture of
isopropyl alcohol: acetone (1:1). Talc (5% w/w) was
also added to the coating solution to prevent adhering
of tablets. In addition, polyethylene glycol (PEG 400,
1.5% w/w) was added as a plasticizer [22]. The tablets
were left in the beaker for 5 min and then taken out
with the help of forceps. Following the dipping step,
the tablets were placed in a glass plate (smeared with
castor oil) for drying at a room temperature for 15
min. Finally, the tablets were dried at 60 °C in an
oven for 30 min repeatedly, till the desired weight
gain of the tablets was obtained. During drying step,
the tablets were rotated occasionally. The dried
coated tablets were again weighed to determine the
weight of the coating layer.
Gradient pH dissolution method was used for the

evaluation of drug release from the prepared coated bi-
layer tablets that were meant to release in the intestine
[23]. For dissolution studies, USP dissolution apparatus
II (paddle type) was used at 50 rpm and a temperature
of 37 ± 0.5 °C. Eight-station LAB INDIA DS 8000 dis-
solution apparatus was used for the study. Six coated
bilayer tablets, each containing fexofenadine HCl (60
mg) and montelukast sodium (6.35 mg), were placed in
individual vessels of the dissolution apparatus and stud-
ied. For the first 2 h, the dissolution study was carried
out in 900 ml of pH 1.2 HCl buffer at 50 rpm and a
temperature of 37 ± 0.5 °C considering the average
gastric emptying time is 2 h. Aliquots of 5 ml were
withdrawn every 5 min, and an equal volume of fresh
HCl buffer (pH 1.2) was added into the dissolution
vessel. After 2 h, the volume of the dissolution
medium was replaced with phosphate buffer (900 ml,
pH 6.8). The study was continued in the medium for
the next 8 h. Aliquots of 5 ml were withdrawn at pre-
determined time intervals, and an equal volume of
fresh phosphate buffer (pH 6.8) was added into the
dissolution vessel. The absorbance of each of the
withdrawn aliquots of fexofenadine HCl and montelu-
kast sodium was estimated simultaneously at two

different wavelengths of 259 nm and 285 nm. The UV
method was already validated for the estimation of
these two drugs. However, the entire validation is not
mentioned in this paper as the validation study is a
part of our next manuscript.

Results
Compatibility studies
To date, studies have been shown that the possible
drug-drug/drug-excipient interaction can affect the sta-
bility of the drug and its release from the developed
formulation [24, 25]. The FTIR spectrum of the fexofe-
nadine HCl showed various characteristic bands, such as
−OH (alcohol) at 3298.3 cm−1, −CH stretching (alkane)
at 2934.7 cm−1, −OH (carboxylic acid) at 2672.4 cm−1,
CO stretching (carboxylic acid) at 1712.2 cm−1, C=C
stretching (aromatic ring) at 1451.4 cm−1 and 1403.2
cm−1, CN stretching (amine) at 1279.8 cm−1, and CO
stretching (carboxylic acid) at 1166.0 cm−1 (Fig. 1a). In
addition, the FTIR spectrum of the montelukast sodium
has also showed various characteristic bands, such as
NH stretching (amine) at 3309.9 cm−1, C-H stretching
(alkane) at 2979.1 cm−1, C=C stretching (alkene) 1603.1
cm−1, C=C stretching (aromatic ring) at 1491.0 cm−1,
CN stretching (amine) at 1403.2 cm−1, and CO stretch-
ing (carboxylic acid) at 1137.0 cm−1 (Fig. 1b). The FTIR
spectrum of the physical mixture of the drug (fexofena-
dine HCl and montelukast sodium) has shown all the
characteristic bands of the individual drugs that indicate
the compatibility between them (Fig. 1c).
The FTIR spectrum of the drug and polymer phys-

ical mixture was also recorded in order to evaluate
any possible interaction among them. The FTIR
spectrum of the fexofenadine HCl and sodium starch
glycolate showed all the characteristic bands of the
fexofenadine HCl (Fig. 2a). The FTIR spectrum of the
montelukast and HPMC E 5 LV showed all the char-
acteristic bands of the montelukast sodium (Fig. 2b).
The FTIR spectrum of fexofenadine HCl and Eudragit
S100 has shown the characteristic bands of the drug.
The FTIR spectrum of montelukast sodium and
Eudragit S100 showed characteristic bands of the
drug (Fig. 2c, d). The FTIR studies has reviled that
the drug and excipients were compatible with each
other and suitable for the formulation development.

Initial risk assessment
This initial risk assessment was based on prior know-
ledge, experience, and published literature. The risk vari-
ables were indicated as high, medium, and low (Table 3).
Based on currently available knowledge, medium risk
variables can be considered acceptable. The Quality Tar-
get Product Profile (QTPP) and critical quality attributes
(CQAs) for the bilayer tablet, such as dosage form,
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dosage design, route of administration, appearance, size,
weight variation, hardness, friability, and dissolution,
were considered. For this study, only dissolution rate
and disintegration time were considered.

Experimental design
A 3-factor, 3-level BBD was used for the optimization
of immediate release fexofenadine HCl and sustained
release montelukast sodium tablet layers. The inde-
pendent variables selected for immediate release layers
were fexofenadine HCl (mg), sodium starch glycolate
(mg), and sodium bicarbonate (mg). The independent

variables selected for sustained release layers were
montelukast sodium (mg), HPMC E 5 LV (mg), and
magnesium stearate (mg). The effect of independent
variables was investigated on the disintegration time
and drug release of tablet layers (Table 1). A total of 13
different powder compositions (F1–F13 and M1–M13)
were prepared for the development of immediate and
sustained release tablet layer as per the BBD (Table 2).
Before they used for the development of the immediate
and sustained release tablet layers, these powder blends
were first evaluated for their micromeritic properties.
The properties studied were the angle of repose (θ),

Fig. 1 FTIR spectrum of a fexofenadine HCl, b montelukast sodium, and c physical mixture of fexofenadine HCl and montelukast sodium
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bulk density, tapped density, Carr’s index, and Haus-
ner’s ratio (Fig. 3).

Evaluation of the tablet layers
The prepared powder blends were evaluated for
micromeritic properties followed via development of
immediate release tablet layers of fexofenadine HCl
(F1–F13) and sustained release tablet layers of monte-
lukast layers (M1–M13). The tablet layers were

evaluated for various parameters, such as hardness,
percentage of friability, weight variations, disintegra-
tion time of the immediate release layer, and percent-
age of drug release (Fig. 4). The developed immediate
and sustained release tablet layers were also evaluated
for diffusion release kinetics. Depending upon the
value of the diffusion exponent (n), the Fickian diffu-
sion mechanism is dominant among sustained release
formulations.

Fig. 2 FTIR spectrum of a fexofenadine HCl and sodium starch glycolate, b montelukast sodium and HPMC E 5 LV, c fexofenadine HCl and
Eudragit S100, and d montelukast sodium and Eudragit S100
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Optimization of immediate release tablet layer
Effect on disintegration time
The initial model without transformation did not fit into
the model as it had a high percentage error. Hence,
based on the suggestion of the software, log transform-
ation was applied for disintegration time and further
analysis and validation were done based on ln (disinte-
gration time). The factors affecting disintegration time
were concentrations of fexofenadine HCl (A), sodium
starch glycolate (B), and sodium bicarbonate (C) (p =
0.0094) as depicted from the given equation:

ln disintegration timeð Þ
¼ 4:62þ 0:0093� A� 1:37� B� 0:0860

� C r2 ¼ 0:9956
� � ð7Þ

The observed disintegration time of immediate release
fexofenadine HCl layers (F1–F13) varied from 21 to 421
s (minimum disintegration time of 21 s). The predicted
disintegration time values obtained by the model using
the above equation were compared with observed values.
A low percentage error of < 5% ascertained that the
model has good predictability (Table 5). Based on the
values and signs of the coefficients, it can be concluded
that the concentration of fexofenadine HCl (A) had a
negligibly small effect on disintegration time. However,
the concentrations of sodium starch glycolate and so-
dium bicarbonate had a negative effect. It was observed
that ln (disintegration time) increased rapidly with an in-
crease in the concentration of sodium starch glycolate
(B), which can be attributed to the improved moisture
absorption by sodium starch glycolate that results in
massive volumetric increase leading to faster disintegra-
tion (Fig. 5a–d) [26].

Effect on drug release
The factors affecting the drug release (%) were concen-
trations of fexofenadine HCl (A), sodium starch glycolate

(B), and sodium bicarbonate (C) as depicted from the
given equation:

Qþ 5% ¼ 73:07þ 0:4373� Aþ 17:49� B
þ 1:67� C r2 ¼ 0:9255

� � ð8Þ

The observed drug release in fexofenadine HCl layer
varied from 50.5579 to 88.8778%. The predicted values
of drug release (%) (Y1) obtained by the model using the
above equation were compared with the observed values,
and low percentage error proved that the designed
model has good predictability (Table 5). The good fitting
data was confirmed through the value of regression coef-
ficient (r2) which was 0.9255. Based on the values and
signs of the coefficients, it can be concluded that all the
three factors had a positive effect on drug release (%).
However, the concentration of API (A) did not have a
significant effect on drug release. The concentrations of
sodium starch glycolate (B) and sodium bicarbonate (C)
had a significant positive effect on drug release (Y1)
(Fig. 5e–h). This can be due to the improved moisture
absorption by sodium starch glycolate that results in
massive volumetric increase leading to faster disintegra-
tion and hence faster dissolution rate. Sodium bicarbon-
ate, being an effervescence agent, generates carbon
dioxide leading to pressure build-up within the formula-
tion and thus causing the fast release of components. It
acted synergistically by absorbing moisture and facilitat-
ing drug release. These findings are in agreement with
previous reports [27].

Optimization of the sustained release tablet layer
Effect on drug release
The factors affecting the percentage of drug release were
concentrations of montelukast sodium (A), HPMC E 5
LV (B), and magnesium stearate (C) as depicted from
the given equation:

Table 3 Initial risk assessments for formulation development based on prior knowledge, experience, and published literature

Drug product
CQAs

Formulation variables

Fexofenadine HCl layer Montelukast sodium layer

Sodium
bicarbonate

Lactose
level

Starch
level

Sodium starch
glycolate level

MCC
level

Magnesium
stearate level

HPMC E 5 LV
level

PVP K30
level

Lactose
level

Magnesium
stearate level

Friability Low Medium High Medium High Medium High High Medium Medium

Assay Low Low Low Low Low Low Low Low Low Low

Hardness Low Medium High Medium High Low High High Medium Low

Weight
variation

Low Low Low Low Low Low Low Low Low Low

Dissolution High Medium High High High Medium High High Medium Medium

Low: the risk is broadly acceptable and requires no further investigation
Medium: acceptable risk. Further investigation may be required for risk reduction
High: unacceptable risk. Further investigation required for risk reduction
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%drug release ¼ 94:62−0:0544� A−5:87
� B−1:09� C r2 ¼ 0:9018

� � ð9Þ
The observed drug release (%) in montelukast so-

dium tablet layers varied from 85.6923 to 99.5331%.
The predicted values of drug release obtained by the
model using the above equation were compared with
the observed values, and low percentage error proved
that the designed model has good predictability. The
good fitting data was confirmed through the value of
regression coefficient (r2) which was 0.9018. The con-
centrations of HPMC E 5 LV (B) and magnesium
stearate (C) had a significant effect on drug release.
As the concentration of HPMC E 5 LV was increased,
there was a decrease in drug release (Fig. 5i–l). The
mobility of the polymer chain gets enhanced in the
presence of a solvent. As a result, a glassy matrix
gradually transforms into a rubbery swollen gel. The
higher concentrations of HPMC resulted in enhanced
viscosity that retards the drug’s diffusion coefficient
[28]. The magnesium stearate is hydrophobic in na-
ture and forms a film at the surface of API and ex-
cipients that causes the dissolution medium to stay
on the surface, thus decreasing wettability of the for-
mulation and thereby decreasing the dissolution rate
[29] (Fig. 5i–l).

Statistical assessment of formulation characteristics
Statistical analysis for immediate release layer
Model generated for ln (disintegration time) was
found to be significant as suggested by the F value of
684.94 (p < 0.0001). There was a reasonable agreement
between the predicted R2Pred value of 0.9906 and ad-
justed R2Adj value of 0.9942 as the difference be-
tween the two was less than 0.2. Precision was found
to be 61.2807, which was greater than 4, thus sug-
gesting an adequate signal and the model could be
used for navigating the design space. PRESS value of
0.1433 indicated that the model is fit. The model gen-
erated for drug release was found to be significant as
suggested by the F value of 37.28 (p < 0.0001). There
was a reasonable agreement between the R2Pred value
of 0.8457 and R2Adj value of 0.9007 as the difference
between the two was less than 0.2. Adequate preci-
sion was found to be 14.6995, which was greater than
4, thus suggesting an adequate signal and the model
could be used for navigating the design space. PRESS
value of 411.80 indicated that the model is fit
(Table 6).

Statistical analysis for sustained release layer
The model generated for the drug release (%) was
found to be significant as suggested by the F value of

Fig. 3 Micromeritic properties of the powder blends. a, b The development of fexofenadine HCl immediate release tablet layers. c, d The
development of montelukast sodium sustained release tablet layers (mean ± SD)
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27.54 (p value < 0.0001). There was a reasonable agree-
ment between the predicted R2 value of 0.7982 and ad-
justed R2 value of 0.8690 as the difference between the
two was less than 0.2. The precision value was found to
be 13.5002, which was greater than 4, thus suggesting
an adequate signal and the model could be used for
navigating the design space. PRESS value of 63.77 indi-
cated that the model is fit (Table 6).

Diagnostic analysis
Diagnostic analysis of immediate release layer
The goodness of fit of the proposed model for disinte-
gration time was investigated by plotting diagnostic plots
(Fig. 6a–d) [30]. The normal probability plot of exter-
nally studentized residuals indicated that most of the
colored points depicting values of disintegration time
were located around the normal probability line, which

Fig. 4 Evaluation of immediate release fexofenadine HCl tablet layer. a Hardness (kg/cm2). b Friability (%). c Disintegration time (seconds). d Drug
release (Q+5%). Evaluation of sustained release montelukast sodium tablet layer. e Hardness (kg/cm2). f Friability (%). g Weight variation (mg). h
Drug release (Q+5%) (Mean ± SD)
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proved the normality of residuals and suggested the rele-
vant analysis of response data. The normality assump-
tion for residuals was satisfied since the residuals are
plotted around the straight line (Fig. 6a). The externally
studentized residuals vs. predicted values plot revealed
that the colored points of disintegration time lay within
the set limits. The pattern of the plot showed the ran-
dom distribution of studentized residuals in all the re-
sponses indicating that the assumption of constant
variance was true (Fig. 6b). The residuals vs. run number
plot explored the variables that may have influenced dis-
integration time during the experiment. All the points
were lying within ± 4.01 which indicated that there was
no outlying observation throughout and consistency was
observed in all the runs (Fig. 6c). The predicted vs.

actual values plot revealed that the experimentally ob-
served values of disintegration time were in close agree-
ment with the predicted values (Fig. 6d).
The goodness of fit of the proposed model for the

drug release was investigated by plotting diagnostic
plots (Fig. 6e–h). The normal probability plot of ex-
ternally studentized residuals indicated that most of
the colored points depicting values of drug release
(Q+5%) were located around the normal probability
line, which proved the normality of residuals and sug-
gested the relevant analysis of response data. The
normality assumption for residuals was loosely satis-
fied in the linear model since the pattern of the resid-
uals creates a little bit S-shaped curve (Fig. 6e). The
externally studentized residuals vs. predicted values

Fig. 5 Response surface and contour plots illustrating a–d effect of fexofenadine HCl (FXD), sodium starch glycolate (SSG), and sodium
bicarbonate (SB) on disintegration time (DT); e–h effect on drug release (DR); and i–l effect of montelukast sodium (MTK), hydroxypropyl
methylcellulose (HPMC), and magnesium stearate (MS) on drug release (DR)

Fig. 6 Diagnostic plots for immediate release (a–h) and sustained release (i–l) tablet layer for disintegration time and drug release
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plot revealed that the colored points of Q+5% lay
within the set limits. The pattern of the plot showed
the random distribution of studentized residuals in all
the responses indicating that the assumption of con-
stant variance was true (Fig. 6f). The residuals vs. run
number plot explored the variables that may have
influenced Q+5% during the experiment. All the
points were lying within ± 4.01 which indicated that
there was no outlying observation throughout and
consistency was observed in all the runs (Fig. 6g).
The predicted vs. actual values plot revealed that the
experimentally observed values of Q+5% were in close
agreement with the predicted values (Fig. 6h).

Diagnostic analysis of sustained release layer
The goodness of fit of the proposed model for drug release
from sustained release tablet layer was investigated by plot-
ting diagnostic plots (Fig. 6i–l) [30]. The normal probability
plot of externally studentized residuals indicated that most
of the colored points depicting values of the percentage of
drug release were located around the normal probability
line. The normality assumption for residuals was loosely
satisfied in the linear model (Fig. 6i). The externally studen-
tized residuals vs. predicted values revealed that the colored
points lay within the set limits (Fig. 6j). The predicted vs.
actual values plot revealed that the experimentally observed
values were in close agreement with the predicted values
(Fig. 6k). Similar to the immediate release layer, that there

was no outlying observation throughout and consistency
was observed in all the runs (Fig. 6l).

Optimization and validation
Optimization and validation of immediate release layer
Design-Expert software explored the desirability function
to obtain an optimized formulation, which was obtained
using the set paradigm of maximum drug release and
minimum disintegration time. Therefore, an additional
batch of fexofenadine HCl immediate release layers was
prepared for validation. The composition, point predic-
tion, and confirmation of the experimental value lie within
the limit. The response surface and contour plots for the
immediate release fexofenadine HCl layer design sug-
gested the values for fexofenadine HCl to be 60mg, so-
dium bicarbonate to be 18.32mg, and sodium starch
glycolate to be 18.93mg. The predicted value of the drug
release according to the plot was 88.7258%, and for disin-
tegration time, the predicted value was 29.3966 s with a
desirability of 0.819301 (Fig. 7a–f). The mean values ob-
tained for drug release and the disintegration time of the
optimized immediate release fexofenadine HCl layer were
found to lie within the set limits. The layer was thus con-
firmed to be optimized.

Optimization and validation of sustained release layer
An additional batch of montelukast sodium-sustained
tablet release layer was prepared for validation. For

Fig. 7 The optimized immediate release tablet layer represented via desirability plot (a, d), correlating response factor plots for drug release (%)
(b, e) and disintegration time (seconds) (c, f). SSG, sodium starch glycolate; SB, sodium bicarbonate. The optimized sustained release layer tablet
layer represented via desirability plot (g, h) and correlating response factor plots for drug release (%) (i, j). HPMC, hydroxypropyl methylcellulose;
MS, magnesium stearate
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the set composition of the sustained release layer, the
predicted drug release and desirability were found to
be 98.542% and 0.6361 (Fig. 7g–j). The mean values
obtained for drug release of the optimized sustained
release montelukast sodium layer were found to lie
within the set limits. The layer was thus confirmed to
be optimized.

Evaluation of optimized bilayer tablet
The optimized immediate release tablet layer of fexo-
fenadine HCl and sustained release tablet layers of
montelukast sodium were used to develop bilayer tab-
let via direct compression (Fig. 8a). The bilayer tab-
lets had a smooth surface. They were biconvex,
elegant, and bicolored. The color distribution was
uniform, and the two layers could be clearly distin-
guished based on the color difference. The immediate
release fexofenadine HCl layer was blue in color, and
the montelukast sodium sustained release layer was
white in color (Fig. 8b). There were no chipping or
mottling observed in any of the formulated tablets.
The average thickness of the tablets was found to be
3.68 ± 0.0067 mm, and the average diameter was found
to be 10.36 ± 0.0074 mm (Fig. 8c, d). The mean hard-
ness of the prepared tablets was 6.77 ± 0.1033 kg/cm2,
while the observed percentage of friability was 0.76,

which was within the specified limit. The average
weight of the tablets was 300 ± 0.032 mg, and the
weight variation was within limits.
The in vitro drug release was first performed in pH

1.2 HCl buffer for 2 h and then in pH 6.8 phosphate
buffer. According to the scope of the study, drug re-
lease had to be observed after an initial lag time of 2
h when the drug would be in the gastric fluid. To
meet this requirement, a coating of 5% w/v Eudragit
S100 in isopropyl alcohol was applied. The in vitro
dissolution data suggests no drug release up to 80
min of run time (Fig. 8f). Drug concentration was ob-
served in 85 min. However, the total amount of drug
released till 120 min (2 h) was only 4.08% for fexofe-
nadine HCl and 0.12% for montelukast sodium, which
are within the acceptable limit. Post-2 h of dissol-
ution, a burst release of fexofenadine HCl was ob-
served with 97.65% drug release in 1 h (3 h from the
beginning of the study). Only 4.47% montelukast so-
dium was released at the 3-h interval. The sustained
release montelukast sodium layer continued to release
drug steadily with 95.83% drug release at after 10 h of
study. The formulation, thus, met the requirement of
providing an immediate release during the first hour
and a sustained release action for a period of 8 h after
passing the gastric region.

Fig. 8 Evaluation of optimized bilayer tablet. a Development of optimized bilayer tablet by direct compression method. b Optimized bilayer
tablet. c Diameter of bilayer tablet. d Thickness of bilayer tablet. e Eudragit-coated bilayer tablet. f In vitro drug release from bilayer tablet
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Discussion
In the present investigation, we have developed
Eudragit-coated chronomodulated time release bilayer
tablet of fexofenadine HCl and montelukast sodium. Ini-
tially, the possible drug-drug and drug-excipient interac-
tions were studies through IR spectroscopy. Results
confirmed the drug-excipient compatibility and their
suitability for the formulation development (Figs. 1 and
2). The initial risk assessment was performed through
literature review. The QTPP and CQAs for bilayer tablet
were established considering various parameters includ-
ing dissolution rate and disintegration time (Table 3). In
the fexofenadine HCl layer, starch and microcrystalline
cellulose levels were found to have a high impact on fri-
ability, hardness, and dissolution. This is because of their
binding properties. The microcrystalline cellulose is
known to enhance tablet compressibility [31]. The so-
dium starch glycolate, being a super disintegrant, is a
high-risk variable for disintegration followed by dissol-
ution. In addition, sodium bicarbonate, which is an
effervescence agent, is also a high-risk variable for disin-
tegration and dissolution [32]. Other variables had
medium to low risks on the CQAs. In the montelukast
sodium layer, HPMC E 5 LV and polyvinylpyrrolidone
(PVP K30) were found to be high-risk variables. The
magnesium stearate, being hydrophobic in nature, may
influence the dissolution of the formulation [29]. Other
variables had medium to low risk on the CQAs of the
tablets. Based on the initial risk assessment, fexofenadine
HCl, sodium starch glycolate, and sodium bicarbonate
levels in fexofenadine HCl layer, and montelukast so-
dium, HPMC E 5 LV, and magnesium stearate levels in
the montelukast sodium layer were evaluated using a 3-
level, 3-factor Box-Behnken design (BBD).
For the optimization of immediate release fexofena-

dine HCl and sustained release montelukast sodium tab-
let layers, a 3-factor, 3-level BBD was used. For
immediate release layers, fexofenadine HCl (mg), sodium
starch glycolate (mg), and sodium bicarbonate (mg) were
taken as independent variable. In the similar manner, in-
dependent variables selected for sustained release layers
were montelukast sodium (mg), HPMC E 5 LV (mg),
and magnesium stearate (mg) (Table 1). Based on the
design, a total of 13 formulation combinations (F1–F13
and M1–M13) were made and evaluated for micromeri-
tic properties (angle of repose (θ), bulk density, tapped
density, Carr’s index, and Hausner’s ratio) (Table 2).
The powder blends for fexofenadine HCl immediate

release layer (F1–F13) were evaluated for their micro-
meritic properties. It was observed that F1, F6, and F9
had excellent flow property, while F2, F4, F5, F8, F10,
F11, F12, and F13 showed a good flow property (Fig. 3).
However, F3 and F7 had the highest values for angle of
repose, Carr’s index, and Hausner’s ratio and hence

demonstrated a fair flow property (Fig. 3a, b). While
there were variations in the bulk density of the formula-
tions, the tapped density of all the formulations was
found to be close to each other (Fig. 3b). It has been ob-
served that as the concentration of lactose monohydrate
increased, the flow property decreased. F1 had the best
flow as it had the least amount of lactose monohydrate,
while F3 showed a poor flow as compared to other for-
mulations due to the presence of a high amount of lac-
tose monohydrate. This is because lactose monohydrate
has a poor flow property, and hence, it decreases the
flow property of the formulation as its concentration in
the formulation increases. Studies have shown that un-
treated lactose exhibited very poor powder flow. How-
ever, the flow properties of the lactose can be improved
via intensive mechanical processing with magnesium
stearate [33].
All the powder blends prepared for montelukast

sodium-sustained release layer (M1–M13) showed good
to fair flow property. Formulation M1 had the best flow
property which can be confirmed through its observed
angle of repose and Carr’s index values (Fig. 3c). The
flow property improved with an increase in the amount
of magnesium stearate. However, the flow properties be-
came constant with further increase in magnesium stear-
ate. A similar effect has been observed in the previous
studies where magnesium stearate at low and medium
concentration increases the flow properties [34]. The
flow properties of M3, M6, M7, M8, and M9, each con-
taining 3 mg of magnesium stearate, were superior to
that of M2, M5, M10, and M11, having 2 mg of magne-
sium stearate (Fig. 3c, d). The flow properties of M1,
M4, M12, and M13, each containing 4 mg magnesium
stearate, did not differ much from M3, M6, M7, M8,
and M9. The bulk density and tapped density values for
all the formulations remained fairly constant (Fig. 3d).
The powder blends were used for the development of
immediate and sustained release tablet layers.
The powder blends were used for the development of

immediate release tablet layers of fexofenadine HCl (F1–
F13) and sustained release tablet layers of montelukast
layers (M1–M13). The developed tablet layers were eval-
uated for various parameters, such as hardness, percent-
age of friability, weight variations, disintegration time of
the immediate release layer, and percentage of drug
release.
The hardness of immediate release tablet layers ranged

from 4.20 to 4.73 kg/cm2. Maximum hardness was ob-
served for F5, while F8 demonstrated the least hardness
(Fig. 4a). All the tablet layers had acceptable hardness
value. A direct relationship between percentage of fri-
ability and tablet hardness was observed. Tablets having
high hardness value showed low percentage of friability
and vice versa. The study has reported that there will be
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a decrease in the percentage of friability with an increase
in the tablet hardness [35]. Thus, F5 had the least per-
centage of friability value of 0.65, while F8 had a max-
imum percentage of friability of 0.85 (Fig. 4b). All the
formulations were within the compendial limit of < 1%.
The harder the tablet, there will be fewer chances of
chipping and breakage. Weights of immediate release
tablet layers of all formulations were in close proximity
to the actual value of 200 mg.
The disintegration time was found to decrease with an

increase in the concentration of sodium starch glycolate
and sodium bicarbonate (Fig. 4c). This is due to the
swelling ability of sodium starch glycolate and the ability
of sodium bicarbonate to liberate carbon dioxide upon
coming in contact of water [36]. Disintegration time was
also influenced by tablet hardness with tablets having
low hardness showing low disintegration time [37]. For-
mulation F11 showed highest disintegration time. How-
ever, formulations F3, F5, and F10 have almost similar
disintegration time (Fig. 4c). Formulation F13 had the
least disintegration time of 21 s and the highest drug re-
lease (88.88%) at 15 min. On the other hand, formulation
F11 had the maximum disintegration time of 421 s and a
slow drug release of only 50.65% after 15 min (Fig. 4d).
According to the USP, an uncoated immediate release
tablet should disintegrate completely within 5 to 30min.
The immediate release compositions are selected in such
a way they provide a disintegration time of less than
about 30 min, preferably about 20 min or less, and more
preferably about 18 min or less. This means that F3, F5,
F10, and F11 failed to meet the criteria. In addition, the
USP also states that an immediate release tablet should
release not less than 80% of its drug within 15min. Con-
sidering the disintegration paradigm, only formulations
F1, F2, F8, and F9 meet the necessary requirements. The
hardness of the sustained release montelukast sodium
tablets layers (M1–M13) ranged from 4.22 to 4.57 kg/
cm2 (Fig. 4e). Maximum hardness was observed for M4,
while M11 demonstrated the least hardness. All the tab-
lets had acceptable hardness value. A direct relationship
between percentage of friability and tablet hardness was
observed. Tablets having high hardness value showed
low percentage of friability and vice versa. Thus, M4 had
the least percentage of friability value of 0.60, while M11
had maximum percentage of friability of 0.83. All the
formulations were within the compendial limit of < 1%
(Fig. 4f).
Weights of tablet layers of all formulations (M1–M13)

were in close proximity to the actual value of 100 mg
(Fig. 4g). The concentration of HPMC E 5 LV and mag-
nesium stearate influenced the percentage of drug re-
lease. It has been observed that the higher the
concentration of HPMC E 5 LV, the slower was the drug
release. The study has shown that HPMC can slow down

the drug release from the tablet matrices. Similar obser-
vations were made in the case of varying concentrations
of magnesium stearate. The HPMC forms a rubbery gel
that retards drug dissolution, while the hydrophobic na-
ture of magnesium stearate creates a barrier between the
API and the outer environment [27]. M6, M7, M11, and
M13 failed to sustain drug release for 8 h. Formulation
M10 showed the maximum drug release of 97.68% after
8 h (Fig. 4h). The immediate release and sustained re-
lease tablet layers were also evaluated for diffusion
release kinetics. Among the immediate release fexofena-
dine HCl tablet layers, formulations F3 and F6 followed
the Hixson-Crowell model suggesting that the dissol-
ution occurred in planes parallel to the tablet surface.
Formulation F4 followed the Korsmeyer-Peppas model,
which is similar to the release from a polymeric matrix.
All the other formulations were found to follow first-
order release kinetics suggesting that the release is con-
centration dependent. For immediate release fexofena-
dine HCl formulations, the value of the coefficient of
correlation (r2) for the best fit model and diffusion expo-
nent (n) ranges from 0.8107 to 0.9864 and 0.334 to
0.390, respectively. Depending upon the value of the dif-
fusion exponent (n), the Fickian diffusion mechanism is
dominant among immediate release formulations
(Table 4) [28].
For the optimization of immediate release tablet layer,

the effect of variables on disintegration time and drug
release was investigated through polynomial equation
and response curves. The factors affecting disintegration
time were concentrations of fexofenadine HCl (A), so-
dium starch glycolate (B), and sodium bicarbonate (C).
The predicted disintegration time values obtained by the
model using the above equation were compared with ob-
served values. A low percentage error of < 5% ascer-
tained that the model has good predictability (Table 5).
The concentration of fexofenadine HCl (A) had a negli-
gibly small effect on disintegration time. However, the
concentrations of sodium starch glycolate and sodium
bicarbonate had a negative effect. The disintegration of
the tablet layer increased rapidly with an increase in the
concentration of sodium starch glycolate (B). This could
be due to the improved moisture absorption by sodium
starch glycolate that results in massive volumetric in-
crease leading to faster disintegration. Sodium bicarbon-
ate, being an effervescence agent, generates carbon
dioxide leading to the pressure build-up within the for-
mulation and thus causing the fast release of compo-
nents. It also led to a faster disintegration time but not
as much as sodium starch glycolate.
The effect of variables on the drug release from the

immediate release tablet layer showed that the concen-
tration of the drug (A) did not have a significant effect
on release. However, the concentrations of sodium
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starch glycolate (B) and sodium bicarbonate (C) had a sig-
nificant positive effect on drug release (Y1) (Fig. 5e–h). So-
dium bicarbonate, being an effervescence agent, generates
carbon dioxide leading to pressure build-up within the
formulation and thus causing the fast release of compo-
nents. It acted synergistically by absorbing moisture and
facilitating drug release.
For the optimization of sustained release tablet layer,

the effect of variables on drug release was evaluated. Re-
sults showed that there was a decline in the drug release
with increase in HPMC E 5 LV (Fig. 5i–l). The mobility
of the polymer chain gets enhanced in the presence of a
solvent. As a result, a glassy matrix gradually transforms
into a rubbery swollen gel. The higher concentrations of

HPMC resulted in enhanced viscosity that retards the
drug’s diffusion coefficient. The magnesium stearate
forms a film decreasing wettability of the formulation
due to its hydrophobic nature and thereby decreasing
the dissolution rate (Fig. 5i–l). The significance of the
model used to evaluate the effect of variables on the per-
formance of immediate and sustained release layers was
evaluated through ANOVA analysis. The ANOVA and
PRESS value suggested that the model generated was
significant and fit for evaluation (Table 6).
The goodness of fit of the proposed model for imme-

diate and sustained release tablet layer was investigated
through diagnostic plots (Fig. 6a–d). The results through
various diagnostic plots showed that the model used for

Table 4 Diffusion release kinetics of immediate and sustained release tablet layers

Immediate release fexofenadine HCl tablet layers

Formulation Mathematical diffusion model Korsmeyer-Peppas model

Best fit model Equation r2 n Equation r2 Mechanism

F1 First order y = − 0.0226x + 1.6196 0.9078 0.334 y = 0.2739x − 0.4522 0.7702 Fickian

F2 First order y = − 0.0064x + 1.8573 0.8981 0.383 y = 0.4323x − 0.8939 0.8817 Fickian

F3 Hixson-Crowell y = 0.06x + 3.6677 0.9864 0.389 y = 0.4805x − 0.9347 0.8964 Fickian

F4 Korsmeyer-Peppas y = 0.366x − 0.6456 0.8535 0.371 y = 0.366x − 0.6456 0.8535 Fickian

F5 First order y = − 0.0137x + 1.739 0.8803 0.359 y = 0.3658x − 0.6449 0.8266 Fickian

F6 Hixson-Crowell y = 0.0858x + 3.7455 0.9653 0.376 y = 0.3157x − 0.5529 0.8656 Fickian

F7 First order y = − 0.0186x + 1.5783 0.8216 0.328 y = 0.2827x − 0.4703 0.7561 Fickian

F8 First order y = − 0.0085x + 1.8671 0.9391 0.389 y = 0.4753x − 0.9229 0.8967 Fickian

F9 First order y = − 0.0142x + 1.7476 0.8879 0.364 y = 0.3737x − 0.6561 0.8377 Fickian

F10 First order y = − 0.01x + 1.8595 0.9538 0.390 y = 0.4587x − 0.87 0.8977 Fickian

F11 First order y = − 0.0157x + 1.6437 0.7914 0.343 y = 0.3278x − 0.5575 0.7895 Fickian

F12 First order y = − 0.0173x + 1.6354 0.8107 0.344 y = 0.3177x − 0.5354 0.7922 Fickian

F13 First order y = − 0.0135x + 1.734 0.8435 0.354 y = 0.3859x + 0.6751 0.8152 Fickian

Sustained release montelukast sodium tablet layers

Formulation Mathematical diffusion model Korsmeyer-Peppas model

Best fit model Equation r2 n Equation r2 Mechanism

M1 Zero order y = 0.0022x − 0.0631 0.9827 0.423 y = 1.6637x − 4.4097 0.9752 Fickian

M2 Zero order y = 0.002x − 0.0624 0.9834 0.428 y = 1.9599x − 5.1506 0.9864 Fickian

M3 Zero order y = 0.002x − 0.0616 0.9823 0.420 y = 2.0632x − 5.4212 0.9673 Fickian

M4 Zero order y = 0.002x − 0.0606 0.9808 0.416 y = 2.1563x − 5.6404 0.9585 Fickian

M5 Zero order y = 0.0022x − 0.0453 0.9943 0.429 y = 1.5957x − 4.177 0.9881 Fickian

M6 Hixson-Crowell y = 0.0023x + 3.6243 0.9926 0.419 y = 1.075x − 2.5834 0.9642 Fickian

M7 Hixson-Crowell y = 0.0022x + 3.6278 0.9918 0.418 y = 1.0974x − 2.6311 0.9629 Fickian

M8 Zero order y = 0.0021x − 0.0395 0.9862 0.421 y = 2.0706x − 5.349 0.9703 Fickian

M9 Zero order y = 0.0023x − 0.0505 0.9891 0.420 y = 1.8033x − 4.6924 0.9683 Fickian

M10 Zero order y = 0.0023x − 0.0375 0.9861 0.419 y = 1.7073x − 4.4308 0.9659 Fickian

M11 Hixson-Crowell y = 0.0023x + 3.6319 0.9936 0.427 y = 0.8891x − 2.1579 0.9844 Fickian

M12 Zero order y = 0.0022x − 0.0495 0.9908 0.427 y = 1.7463x − 4.5495 0.9832 Fickian

M13 Hixson-Crowell y = 0.0023x + 3.6209 0.9971 0.420 y = 1.0704x − 2.5704 0.9674 Fickian

Singh et al. Future Journal of Pharmaceutical Sciences             (2019) 5:5 Page 17 of 20



the evaluation of variables on the properties of different
tablet layers was fit for analysis. The optimized bilayer
formulation with set paradigm of maximum drug release
and minimum disintegration time was selected using de-
sirability plots. The response surface and contour plots
for the immediate release layer design suggested the
values for fexofenadine HCl to be 60 mg, sodium

bicarbonate to be 18.32 mg, and sodium starch glycolate
to be 18.93 mg. The predicted value of the drug release
according to the plot was 88.7258%, and for disintegra-
tion time, the predicted value was 29.3966 s with a desir-
ability of 0.819301 (Fig. 7a–f). Similarly, sustained tablet
release layer was prepared with set composition. The
predicted drug release and desirability were found to be

Table 5 Experimental results and predicted values of response variables drug release (Y1) and disintegration time (Y2)

Run Y1 Y2

Actual value Predicted value Percentage error Actual value Predicted value Percentage Error

1 88.52 91.00 − 2.73 3.33 3.26 2.14

2 85.62 88.89 − 3.68 3.47 3.33 4.20

3 50.56 55.15 − 8.32 6.03 5.99 0.67

4 78.17 73.07 6.98 4.56 4.62 − 1.30

5 53.08 56.03 − 5.27 6.02 6.00 0.33

6 76.54 71.84 6.54 4.66 4.72 − 1.27

7 76.76 70.96 8.17 4.61 4.70 − 1.91

8 87.11 90.12 − 3.33 3.26 3.24 0.62

9 78.96 75.18 5.00 4.50 4.54 − 0.88

10 55.96 57.26 − 2.27 6.00 5.91 1.52

11 50.65 53.92 − 6.06 6.04 6.08 − 0.66

12 79.16 74.31 − 6.79 4.54 4.53 0.22

13 88.88 92.23 − 3.63 3.04 3.16 − 3.80

Table 6 ANOVA for (a) drug release (Y1) and (b) disintegration time (Y2)

Source Y1 Y2

Sum of squaresc DFd Mean squaree F valuef p value Sum of squares Degree of freedom Mean square F value p value

Model 2469.82 3 823.27 37.28 < 0.0001* 15.16 3 5.05 684.94 < 0.0001*

A 1.53 1 1.53 0.0693 0.7983 0.0007 1 0.0007 0.0937 0.7665

B 2445.91 1 2445.91 110.77 < 0.0001* 15.10 1 15.10 2046.72 < 0.0001*

C 22.38 1 22.38 1.01 0.3404 0.0592 1 0.0592 8.02 0.0197*

Residuala 198.74 9 22.08 – – 0.0664 9 0.0074 – –

Cor Totalb 2668.55 12 – – – 15.22 12 – – –

Source Y1

Sum of square Degree of freedom Mean square F value p value

Model 285.03 3 95.01 27.54 < 0.0001*

A 0.0236 1 0.0236 0.0069 0.9358

B 275.59 1 275.59 79.88 < 0.0001*

C 9.42 1 9.42 2.73 0.1328

Residual 31.05 9 3.45 – –

Cor Total 316.08 12 – – –

*Significant (p < 0.05)
aResidual sum of squares = observed value − predicted value
bCor total: variation amount around observation mean
cSum of squares: the sum of the squared difference between the overall average and the variation amount
dDF (degrees of freedom): number of estimated parameters used to compute the sum of squares
eMean square: sum of squares/DF
fF value: test for comparing mean square to residual mean square
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98.542% and 0.6361 (Fig. 7g–j). Finally, the Eudragit-
coated optimized bilayer tablet was developed and evalu-
ated. The formulation, thus, met the requirement of pro-
viding an immediate release during the first hour and a
sustained release action for a period of 8 h after passing
the gastric region.

Conclusion
The present study demonstrates the successful prepar-
ation of the Eudragit-coated chronomodulated time re-
lease bilayer tablet of fexofenadine HCl and montelukast
sodium. The aim of the study is to use a QbD approach
to investigate the effect of variables on the CQAs of the
bilayer tablet in an effective and economical manner
with less number of experiments. The QTPP of the tab-
let was developed as per the previous studies, and CQAs
were selected for the investigation. The fexofenadine
HCl-loaded immediate and montelukast sodium-loaded
sustained release layers were successfully optimized
using a 3-factor, 3-level Box-Behnken design. The
optimization model used in the study was successfully
validated using ANOVA and diagnostic plots. The opti-
mized formulation was confirmed as per the desirability
plots. It was observed that the extended concentration of
sodium starch glycolate prompted an increase in disinte-
gration time and a relating increment in drug release.
This was due to the swelling property of sodium starch
glycolate that leads to a faster release of the tablet con-
stituents. Sodium bicarbonate, being an effervescence
agent, also contributed to the faster drug release. How-
ever, the effect of sodium starch glycolate was more pro-
nounced than sodium bicarbonate. It was observed that
with an increase in the concentration of HPMC, there
was a decline in drug release. The HPMC frames a rub-
bery gel layer around the formulation, which leads to a
slow drug release. Similar observations were made for
magnesium stearate which is hydrophobic in nature that
creates a barrier between the tablet components and the
outer aqueous environment leading to a decrease in drug
release. The design of the present bilayer tablet success-
fully provided the immediate release of fexofenadine
HCl and a sustained drug release of montelukast sodium
with an initial lag time of 2 h. Thus, the formulation can
be fruitful in curbing the menace of nocturnal asthma
and providing a high degree of patient compliance.

Abbreviation
ANOVA: Analysis of variance; BBD: Box-Behnken design; BD: Bulk density;
CQA: Critical quality attributes; DF: Degree of freedom; DoE: Design of
experiment; DUREDAS: Dual Release Drug Absorption System;
HPMC: Hydroxypropyl methyl cellulose; ICH: International Conference on
Harmonisation; PBS: Phosphate buffer saline; PEG: Polyethylene glycol;
PRESS: Predicted residual error sum of squares; PVP: Polyvinylpyrrolidone;
QbD: Quality by design; QTPP: Quality target product profile; TD: Tapped
density
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