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Allergic rhinitis is a global health problem that affects
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This study was performed to assess the bioequivalence of fexofenadine 120 mg+montelukast 10 mg fixed
dose combination (Allegra™ M) with separate formulations of fexofenadine (Allegra™) and montelukast
(Singulair®) administered concurrently at the same dose levels. This was a randomized, open-label, two-
treatment, two-period, two-sequence, single-dose, crossover study in 60 healthy adult men under fasting
conditions. Initially, 30 subjects received a single oral dose of fexofenadine 120 mg+montelukast 10 mg
fixed dose combination tablet, while the remaining 30 subjects received concurrent single oral doses of
fexofenadine 120 mg and montelukast 10 mg tablets. After a 10 d washout period, subjects crossed over
to the alternate treatment. Plasma concentrations of fexofenadine and montelukast were determined using
a liquid chromatography coupled to tandem mass spectrometry single assay method; the lower limit of
quantitation for both the analytes was 2.00 ng/ml. Of the 60 subjects included, 57 completed both periods of
the study. The 90% confidence interval for the geometric mean ratio of maximum concentration, area under
the concentration-time curve from 0 to interval t, and area under the concentration-time curve from 0 to
infinity were within the range of 80-125% for both fexofenadine and montelukast in the test and reference
products, indicating bioequivalence between the fixed dose combination and individual components. Six
subjects (three in each group reference and test) experienced six adverse events. The most frequently reported
adverse event was vomiting, reported by four subjects. All the adverse events were reported as possibly
related to the test product, and no serious adverse events were reported. Allegra M fixed dose combination
was bioequivalent to the individual components of the same strength administered concurrently.
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First-generation oral H -antihistamines are

not

people of all ages, from all countries and across all
ethnic groups!!. It is a common condition affecting
10-30% of the world’s population™. In India, one
out of six people suffer from allergic rhinitis®*. The
symptoms of allergic rhinitis significantly impact the
quality of life™, including social life, sleep, school
and work!". Patients suffering from allergic rhinitis are
at an increased risk of developing asthmal®. Hence,
adequate treatment of allergic rhinitis is important.

Histamines and cysteinyl leukotrienes (CysLTs),
released by mast cells”, are involved in the
pathophysiology of allergic rhinitis®. The allergic
rhinitis and its impact on asthma (ARIA) guidelines
recommend the wuse of second-generation H -
antihistamines for the treatment of allergic rhinitis.
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recommended due to safety concerns. Leukotriene
receptor antagonists (LTRAs) are among the other
recommended pharmacological treatment options for
allergic rhinitis!".

Fexofenadine is a second-generation non-sedating
H -antihistamine with greater selectivity for the H,
receptor®. The efficacy and safety of fexofenadine has
been demonstrated by clinical studies in adults with

This is an open access article distributed under terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which
allows others to remix, tweak, and build upon the work non-commercially,
as long as the author is credited and the new creations are licensed under
the identical terms.

Accepted 01 October 2016

Revised 26 September 2016

Received 06 June 2016

Indian J Pharm Sci 2016;78(5):651-656

651


mailto:Ajit.Walekar@sanofi.com

www.ijpsonline.com

allergic rhinitis!'®!!), Montelukast, an LTRA, has similar
benefits as antihistamines when used as monotherapy
for the treatment of seasonal allergic rhinitis®®. In
the pathophysiology of allergic rhinitis, histamines
are responsible for several symptoms of the disease,
including rhinorrhoea, nasal itching and sneezing. In
contrast, leukotrienes mainly cause increases in nasal
airway resistance and vascular permeability. Hence,
blockade of these two mediators by antihistamines
and LTRAs, respectively, may provide additional
benefits as compared to inhibition of a single mediator
alone. Furthermore, since compliance is an important
factor (along with environmental control, appropriate
pharmacologic treatment and allergen immunotherapy)
for optimal medical management and best outcomes
in allergic rhinitis!'?, administering an LTRA plus an
antihistamine in a single tablet may improve patient
compliancel'?,

We developed a bilayered tablet comprising a fixed
dose combination (FDC) of fexofenadine 120 mg and
montelukast 10 mg (Allegra™ M) with an objective
of offering advantages of improved compliance
and convenience to patients with allergic rhinitis.
When developing an FDC, it is important to ensure
that the pharmacokinetics of the individual drugs
remains unchanged when combined. To the best
of our knowledge, there are no published reports
comparing the bioavailability of fexofenadine (120
mg) +montelukast (10 mg), FDC vs its individual
components. The primary objective of this study
was to compare the bioavailability of fexofenadine
and montelukast in the FDC tablet formulation of
fexofenadine 120 mg and montelukast 10 mg with each
of its individual components under fasting conditions.
Secondary objectives were to monitor the safety and
to determine other pharmacokinetic parameters of
fexofenadine and montelukast for the FDC and each of
its individual components.

MATERIALS AND METHODS

Study subjects:

Healthy, non-smoking men, with no history or presence
of significant alcoholism or drug abuse in the past
1y, aged 18-45 y, with a body mass index (BMI) of
18.5-24.9 kg/m?, who were willing to follow protocol
requirements and sign a written informed consent were
included in the study. Subjects were excluded if they
had taken medicines having cytochrome P-modifying
activity within 28 d prior to study dosing or aluminum
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or magnesium-containing antacids within 24 h of study
medicine consumption; had any systemic abnormality
or history or presence of medical or surgical
condition that might have significantly interfered with
gastrointestinal functions; or had participated in a
clinical drug study or bioequivalence study within 90 d
prior to the present study.

All subjects underwent a screening procedure within
20 d prior to the first dosing comprising clinical
examination (vital parameters and physical and
systemic examination), electrocardiogram and blood
and urine tests. Chest X-ray (posteroanterior, P/A
view), taken within 6 months prior to the first study
dosing, was considered for assessment.

Study design:

This was an open-label, randomized, two-treatment,
two-period, two-sequence, single-dose crossover
bioequivalence study conducted between May and
June 2012. The analysts were blinded to the sequence
of administration of the test and reference formulations
until analysis was completed. Veeda Clinical Research
Pvt. Ltd. generated the allocation sequence, enrolled
participants and assigned participants to their treatment
groups.

The study was conducted as per the Indian Council
of Medical Research (ICMR) guidelines for
Biomedical Research on Human Subjects, Guidelines
for Bioavailability and Bioequivalence studies
by Central Drug Standard Control Organization
(CDSCO™, European Union (EU) guidelines, Good
Clinical Practices for Clinical Research in India-
Amended version (2005), International Conference
on Harmonisation (ICH; Step 5) Guidance on Good
Clinical Practice, the Declaration of Helsinki (Seoul,
October 2008), and with procedures oriented to Good
Laboratory Practice. The study was approved by
Anveshhan (an independent ethics committee; Ethics
committee approval number: 03). All study participants
provided written informed consent.

The total duration of the study was 14 d from the day
of admission for the first period up to the end of the
second period. Upon enrolment, subjects were confined
to a clinical facility in Ahmedabad, India, to ensure
overnight fasting for 10 h before the scheduled time for
dosing and were continued to be housed in the facility
up to 48 h after dosing in each of the two periods. A
urine analysis for drugs of abuse was performed at
admission for each period. The alcohol breath test
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was performed during screening and at admission for
each period. A washout period of 10 d was maintained
between consecutive dosing periods.

Drug administration:

All subjects were randomized using statistical
techniques (in blocks using a PROC plan such that
the design was balanced) to receive one of two study
drugs: either test (T) or reference (R1 and R2) products
as per the schedule shown in Table 1. The test product
was a FDC tablet of fexofenadine hydrochloride 120
mg and montelukast 10 mg manufactured by Sanofi
(India) Limited, whereas the reference products were
Allegra™ (fexofenadine 120 mg) tablets manufactured
by Sanofi (India) Limited and Singulair® (montelukast
10 mg) tablets manufactured by Merck Sharp and
Dohme (Australia) Pty. Limited, Australia.

During screening, subjects were instructed to refrain
from smoking, chewing tobacco and from consuming
alcoholic products, grapefruit juice, and xanthine-
containing foods or beverages (e.g. chocolates, tea,
coffee or cola drinks) from 48 h prior to dosing until the
last blood sample collection in each period. Subjects
were not allowed to have the same from admission
till discharge in each period. Both test and reference
products were administered orally, in sitting posture,
with 240 ml of water, after a 10 h overnight fast; fasting
was continued for 4 h after the dose. Compliance
for dosing was assessed through a thorough check
of the oral cavity using torch and disposable spatula
immediately after dosing of the study product.

Blood collection:

A total of 24 venous blood samples were collected
during each period. The pre-dose blood sample of
4.0 ml was collected 1 h before dosing and the post-
dose blood samples of 4.0 ml each were drawn at
0.25, 0.50, 0.75, 1, 1.25, 1.50, 1.75, 2, 2.33, 2.67,
3, 3.50, 4, 450, 5, 6, 8, 10, 12, 16, 24, 36 and 48 h
after dosing in each period. Collected samples were
transferred to sample separation area where they were
centrifuged and separated within 60 min from the
last sample collection for that particular time point.
Study personnel centrifuged the samples at 4000 rpm

TABLE 1: STUDY DRUG ADMINISTRATION

for 10 min at 4° (short term excursion was permitted
up to 8°). All plasma samples were aliquoted into
two pre-labeled (Project No., Subject No., Period,
Sampling time point and Sample code) CRYO vials.
In first CRYO vial (aliquot 1) approximately 0.75 ml
of plasma was transferred and in second CRYO vial
(aliquot 2) remaining plasma was transferred. Within 1
h from the last sample collection for that particular time
point, CRYO vials were to be stored at or below -20°
till the completion of period and then at or below -70°
until analysis. However, a deviation had to be made
to the protocol as plasma samples of the first period
could not be stored at or below -70° after completion
of study period due to insufficient storage space in the
deep freezer of the bio-analytical facility. The plasma
samples of period 01 were transferred at -78+8°, along
with plasma samples of period 02 after completion
of clinical phase of the study. Before transfer, plasma
samples were stored at -28+5°. This deviation did not
impact the study outcome as long term stability of
fexofenadine and montelukast in plasma was proven
for 43 days at -20+5°.

Bioanalytical methods:

A validated high-performance liquid chromatography-
electrospray ionization-tandem mass spectrometry
(HPLC-ESI-MS/MS) bioanalytical method developed
for the quantification of fexofenadine and montelukast
in plasma was employed for sample analysis. The
lower limit of quantitation for the two analytes was
2.00 ng/ml.

Pharmacokinetic analysis:

Time to maximum concentration (T _ ), maximum
plasma concentration (C_ ), area under the plasma
concentration-time curve (AUC ), AUC from 0 to
infinity (AUC, ), terminal half-life (t,) and elimination
rate constant (K ) for fexofenadine and montelukast
were calculated using a non-compartmental model
with WinNonlin® Enterprise Software version 5.3
(Pharsight Corporation, USA). The bioequivalence
acceptance range for fexofenadine and montelukast
(90% confidence interval (CI) of geometric mean
ratio of C_ , AUC  and AUC  between the test and
reference products) was 80-125%.

Period 1

Period 2

Sequence 1 (n=30)
montelukast 10 mg)
Sequence 2 (n=30)
mg and montelukast 10 mg)

Test (FDC tablet of fexofenadine 120 mg and

Reference (Individual tablet of fexofenadine 120
mg and montelukast 10 mg)

Reference (Individual tablet of fexofenadine 120 Test (FDC tablet of fexofenadine 120 mg and

montelukast 10 mg)

FDC: fixed dose combination
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The primary outcome measure was achievement of the
90% CI of the geometric mean ratio of C_ , AUC  and
AUC between test and reference products within the
range of 80-125% for fexofenadine and montelukast.

Safety analysis:

Safety was assessed on the basis of vital signs
(blood pressure, axillary temperature, radial pulse
rate and respiratory rate) and physical and systemic
examinations at screening and before discharge during
each period. Post-study safety was also assessed through
haematology and biochemical parameters: serum
glutamate oxaloacetate transaminase (SGOT), serum
glutamate pyruvate transaminase (SGPT), bilirubin,
creatinine and urea. Subjects were continuously
monitored throughout the study for adverse events
(AEs).

Statistical analysis:

Assuming a true ratio of 95% and an intra-subject
variability of 30%, a sample size of 52 subjects was
required to conclude bioequivalence between the two
products with a power of 90%. After accounting for
dropouts, it was decided to enrol 60 subjects. Using
SAS version 9.2 (SAS Institute Inc., USA), analysis of
variance (ANOVA), ratio analysis, 90% CI, power and
intra-subject variability were calculated and reported
for log-normal (In)-transformed pharmacokinetic
parameters (C__, AUC  and AUC, ) of fexofenadine
and montelukast. ANOVA was performed on non-
transformed T, K, and t, values. The median
difference in T between the products was analysed
using the non-parametric Wilcoxon signed rank test.

RESULTS AND DISCUSSION

A total of 60 healthy subjects with a mean age 28.5
y (range, 18-42 y) were enrolled in the study. The
mean (range) weight, height and BMI were 61.04 kg

(50.20-77.50 kg), 167.01 cm (154.00-179.00 cm) and
21.86 kg/m? (19.01-24.74 kg/m?), respectively. Out of
60 subjects, 57 completed both periods of the study.
Three subjects were withdrawn due to AEs, whereas
one subject had protocol violation. Data of 56 subjects
who completed the study as per protocol were used
for pharmacokinetic analysis. The pharmacokinetic
parameters T, C . AUC , AUC _, t, and K,
calculated using the measured concentratlons versus
time profiles of fexofenadine and montelukast in the

two products, are summarized in Table 2.

For fexofenadine, the one-sided 90% Cls for the
ratios of the in-transformed means of C_ , AUC ,
and AUC, were 91.67-106.92%, 92. 45 105.53%
and 92.33-105.24%, respectively (Table 3). For
montelukast, the one-sided 90% ClIs for the ratios of
the (In)-transformed means of C__, AUC  and AUC
were 101.66-116.90%, 102.12-113.10% and 102.22-
112.94%, respectively (Table 4). For both fexofenadine
and montelukast, the 90% Cls for the ratios of the (In)-
transformed means of the pharmacokinetic parameters
C,.AUC and AUC  fell within the bioequivalence
range of 80-125%.

The mean plasma concentration of fexofenadine and
montelukast following administration of reference and
test products is shown in figs. 1 and 2, respectively. The
mean time needed to reach maximum concentration (i.e.
T . of fexofenadine in test product) was significantly
lesser (2.3 h) compared to the reference product (2.8
h) (Wilcoxon signed rank test, P=0.044), whereas the
meanT __ of montelukast in the test product (3.5 h) was
similar to that of the reference product (4 h; P=0.960).

For the safety analysis, data of all subjects who received
at least one study medication were considered. Out of
60 subjects, 56 completed both the periods of the study.
Three subjects were withdrawn from the study due to
vomiting. A total of six subjects reported six AEs in the

TABLE 2: PHARMACOKINETIC PARAMETERS OF FEXOFENADINE AND MONTELUKAST FROM TEST AND

REFERENCE PRODUCTS

Parameter (unit)

Fexofenadine (N=56) (Mean+SD)

Montelukast (N=56) (MeanSD)

Reference (R)

Test (T)

Reference (R) Test (T)

Tmax# (h)
C.. (ng/ml)
AUC,, (h*ng/ml)
AUC, . (h*ng/ml)
K, (L/h)
T, (h)

2.83 (0.75-6.00)
463.91 (+182.42)
3109.56 (+1097.74)
3175.85 (+1118.40)
0.07 (+0.02)
10.72 (+3.29)

2.33 (0.75-6.00)
453.89 (+168.61)
3102.75 (£1352.17)
3164.65 (+1388.15)
0.07 (+0.01)
10.07 (+2.53)

4.00 (1.25-8.02) 3.50 (1.50-8.00)
488.97 (+135.76) 530.79 (+141.61)
3220.41 (£934.25) 3430.61 (:894.54)
3252.7 (£933.64) 3464.50 (+892.54)
0.11 (0.026) 0.11 (0.02)
6.08 (+1.24) 6.03 (+1.36)

SD: standard deviation; T__:
concentration time curve; AUC:
terminal half-life; *For T__ median (min-max); T,
statistically insignificant (P=0.9601)
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max

: time to maximum concentration; C_: maximum plasma concentration; AUC,
area under the plasma concentration time curve from 0 to infinity; K : ellmmatlon rate constant; T

for fexofenadine was statistically significant (P= 0 0444) T

: area under the plasma

) 1/2
for montelukast was

max
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TABLE 3: GEOMETRIC LEAST SQUARE MEANS OF TEST (T) AND REFERENCE (R) PRODUCTS OF

FEXOFENADINE

Parameter In-transformed Geometric least Intra 90% ClI Power P value for pharmacokinetic
squares means and its ratio (n=56) subject % (%) parameters
Reference (R) Test (T) (T/R)% Sequence Period Formulation
C.., (ng/ml) 431.99 427.66  99.00 24.63  91.67-106.92 99.88 0.3002 0.1279 0.8273
AUC,, (h*ng/ml) 2928.74 2892.85 98.77 21.09  92.45-105.53 99.99 0.7963 0.8916 0.7562
AUC_ . . (h*ng/ml) 2992.52 2949.80 98.57 20.85  92.33-105.24 99.99 0.8322 0.9918 0.7144

C...: maximum plasma concentration; AUC,, : area under the plasma concentration time curve; AUC_ .: area under the plasma concentration

max*

time curve from 0 to infinity

TABLE 4: GEOMETRIC LEAST SQUARE MEANS OF TEST (T) AND REFERENCE (R) PRODUCTS OF

MONTELUKAST
Parameter Ln-transformed Geometric least Intra 90% ClI Power (%) P value for pharmacokinetic
squares means and its ratio (n=56) subject parameters
Reference (R) Test (T) (T/R)% % CV Sequence Period Formulation
C... (ng/ml) 467.18 509.30  109.02 22.30 101.66-116.90 99.97 0.3467 0.2221  0.0434*
AUC,, (h*ng/ml) 3071.96  3301.48 107.47 16.21 102.12-113.10 100 0.2056 0.1269  0.0219*
AUC,_. . (h*ng/ml) 3106.05  3337.37 107.45 15.83 102.22-112.94 100 0.2038 0.1261  0.0194*

C...c maximum plasma concentration; AUC : area under the plasma concentration time curve; AUC . @ area under the plasma concentration

max

0-inf*

time curve from 0 to infinity; **statistically significant P=0.05 level of significance for formulation effect
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Time ()

Fig. 1: Mean plasma concentrations of fexofenadine after
administration of test and reference products.
Reference (©); Reference error (=); Test (0); Test error (—)

study. Four subjects reported vomiting (two in the test
group and two in the reference group) and nausea was
reported by one subject in the reference group. In one
subject, who was on reference product in period 1 and
test product in period 2, at 48 h after dosing in period
2, the SGOT and SGPT values increased to 150.43 U/1
and 109.30 U/1, respectively. This was reported at the
post-study safety assessment. All AEs were mild in
nature and were reported as possibly related to the test
product. No serious AE was reported during this study
and all patients had normal vital signs.

Discussion

Fexofenadine and montelukast, individually, are
effective and well tolerated in the management
of allergic rhinitis®®!*!". Combination therapy of
antihistamine and montelukast may be required for
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Fig. 2: Mean plasma concentrations of montelukast after
administration of test and reference products
Reference (©); Reference error (=—); Test (0); Test error (—)

treating allergic rhinitis in patients with moderate to
severe symptoms. For such patients, we developed a
bilayered FDC of fexofenadine+montelukast that will
provide convenience of administration as a single
tablet and may help in improving compliance to the
prescribed treatment. This study demonstrated the
bioequivalence between the FDC tablet, containing
fexofenadine 120 mg and montelukast 10 mg, and
its individual components. For fexofenadine and
montelukast, the 90% ClIs for the difference of the least
squares means of the test and reference products for
(In)-transformed parameters C__, AUC , and AUC
were within the predefined bioequivalence acceptance
range of 80-125%. The FDC of fexofenadine 120
mg plus montelukast 10 mg was bioequivalent with
concurrent administration of free dose reference
products fexofenadine 120 mg and montelukast 10 mg,
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after a single dose in fasting, healthy male subjects. The
safety of fexofenadine and montelukast, both in the test
and reference products, was satisfactory. No serious
AEs were reported in either the test or the reference
group during the study period.

The safety of fexofenadine is well established. It is well
tolerated, with a placebo-like AE profile. Headache
is the most commonly reported AE in clinical trials.
Fexofenadine is not associated with prolongation of
the QTc interval. As it does not cross the blood-brain
barrier (BBB), it is not known to cause sedation'.
Montelukast has a satisfactory safety profile in adults
and children. In general, the AE profile of montelukast
has been found to be similar to that of placebo, with
studies indicating that there is no clinical or laboratory
difference in the AE profile of montelukast and
placebo®.

The efficacy of concomitant fexofenadine and
montelukast therapy has been evaluated in previous
clinical trials. A 3 w trial in patients with seasonal
allergic rhinitis showed significantly better control of
nasal congestion in those receiving both fexofenadine
and montelukast than in those receiving only
fexofenadine!’”. The combination of fexofenadine
with montelukast has also been shown to reduce serum
soluble intracellular adhesion molecule s-ICAM-1
concentration and nasal and asthma symptoms in
patients with persistent allergic rhinitis and newly
diagnosed asthma!'®!. In a post-marketing surveillance
study conducted in India, montelukast 10 mg plus
fexofenadine 120 mg FDC administered once daily for
14 days in 809 patients was significantly (P<0.0001)
effective in reducing all symptoms of allergic rhinitis
in patients!!7],

In conclusion, fexofenadine 120 mg+montelukast 10
mg FDC was bioequivalent to individual tablets of
fexofenadine and montelukast of the same strengths
administered concurrently. No serious AEs were
observed with fexofenadine 120 mg+montelukast 10
mg FDC. The tolerability of the FDC was comparable
to that of the co-administered individual components.
With the availability of an FDC tablet, patients
suffering from allergic rhinitis will have a more
convenient option to improve treatment compliance
and adherence.
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