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Abstract

A fixed dose combination of desloratadine, a long-acting tricyclic antihistamine with selective peripheral hista-
mine H1 receptor antagonistic activity, and betamethasone, a glucocorticoid, can potentially provide synergistic ef-
fect in the treatment of severe allergic conditions and improve clinical outcomes. Co-administration of an anti-allergy
medication and a corticosteroid is extensively used in clinical practice, either as single drug tablets or as a fixed
dose combination tablet. The current study was conducted to compare the pharmacokinetics of fixed combination
tablets of desloratadine and betamethasone in 40 healthy human volunteers after a single oral dose in a randomized
two-period, two-treatment, and two-sequence cross-over study. The study protocol was prepared in accordance to
the requirements set in the EMA guidance for conducting bioequivalence studies. Reference (Frenaler Cort 5 mg
desloratadine/0.6 mg betamethasone film coated tablet, Roemmers S.A.I.C.F., Argentina) and test (Oradus $ 5 mg
desloratadine/0.6 mg betamethasone film coated tablet, Pharmaline, Lebanon) drugs were administered to fasted
volunteers and blood samples were collected up to 72 h and assayed for desloratadine, hydroxydesloratadine me-
tabolite and betamethasone using a validated LC-MS/MS method. The pharmacokinetic parameters AUC , C__,
Tmax, T1/2, Ke, in addition to (for betamethasone only) AUC__, MRTinf, and residual area (%) were determined
from plasma concentration-time profile by non-compartmental analysis method using thermos Scientific Kinetica
(version 5.1). The analysis of variance did not show any significant difference between the two formulations and 90%
confidence intervals fell within the acceptable range for bioequivalence (80-125%). The resulting data demonstrated
that when administered as fixed dose combination, the pharmacokinetics of desloratadine and betamethasone were
bioequivalent and were well-tolerated.
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Bioequivalence chlorpheniramine and diphenhydramine, although effective in the

management of allergic conditions, they are associated with undesirable
Introduction

CNS effects such as sedation and impaired psychomotor activity, and
adverse anticholinergic effects [6,7]. Second generation H1-receptor
antagonists (e.g., loratadine, desloratadine, cetirizine, levocetirizine,
fexofenadine, azelastine) have superseded the first generation agents
due to their favorable pharmacokinetics and negligible sedative and
anticholinergic effects.

Histamine plays a chief role in the pathogenesis of allergic disease,
including allergic rhinitis (AR) and urticaria, predominantly through
the H1-histamine receptor in target tissues. While AR represents a
global health problem with an estimated worldwide prevalence of 10-
25% and its prevalence is increasing [1], chronic idiopathic urticaria

(CIU) has a major detrimental effect on quality of life that approximates
that associated with chronic cardiac disease [2].

According to the American Academy of Otolaryngology—Head
and Neck Surgery Foundation (AAO-HNSF) and the Allergic Rhinitis
and its Impact on Asthma (ARIA) guidelines, oral second-generation
antihistamines are strongly recommended for patients with AR and
primary complaints of sneezing and itching [3,4]. If moderate to severe
nasal and/or ocular symptoms are not controlled, a short course of
oral glucocorticoids can be added [4]. For the management of CIU,
second-generation antihistamines are the first-line treatment and
may be titrated to 2-4 times their normal dose, if necessary. Systemic
corticosteroids are frequently used for patients with refractory
symptoms [5].

Co-administration of an antiallergy medication and a corticosteroid
is extensively used in clinical practice, either as single drug tablets or as
a fixed dose combination tablet. Such combination is indicated for the
treatment of severe allergic conditions which require co-administration
of an antiallergy medication and a corticosteroid. These conditions
include: Atopic dermatitis, angioedema, urticaria, intermittent and
persistent allergic rhinitis, allergic reactions due to food and medicines,
allergic contact dermatitis and allergic processes involving the eye,
such as allergic conjunctivitis.

Desloratadine is a long-acting orally active major metabolite of
loratadine, approved for the management of AR and CIU [8]. Ata dose
of 5mg, it has a rapid onset of action (approximately 28 min) as assessed
in patients with seasonal AR [9]. According to the Biopharmaceutics
classification system [10], desloratadine is a Class 1 drug as it exhibits
a high solubility and high permeability [11]. It is rapidly absorbed after
oral administration and the absorption is not affected by food [12,13].
The pharmacokinetics of the drug is linear in healthy volunteers over
the dosage range 5-20 mg [14]. When normalized to 5 mg, maximum
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plasma concentrations (C__ ) and the area under the concentration-
time curve (AUC) of desloratadine were 3.3 pg/L and 77.5 pg/L.h,
respectively [14]. Desloratadine has a volume of distribution (V,) of
approximately 49 L/kg [15].

Desloratadine is extensively metabolized in the liver to its
principal active metabolite, 3-OH desloratadine, which is consequently
inactivated by glucuronidation [12]. Recent studies have demonstrated
that the conversion of desloratadine to 3-OH desloratadine involves
N-glucuronidation of desloratadine by UGT2B10, followed by
3-hydroxylation of the N-glucuronide by CYP2C8 and its subsequent
rapid hydrolysis [16,17].

In healthy volunteers, the drug’s terminal phase half-life after a
single 5-20 mg dose was 21.2-24.1 h [18]. Phenotypic polymorphism
in the metabolism of desloratadine which significantly increase
desloratadine half-life was identified. Genetically determined poor
metabolizers of desloratadine were found to have a general population
frequency of 6% and were most frequent in the African-American
population (17%) compared with Caucasian (2%), Native-American
(8%), Hispanic (2%), and Jordanian populations (3%) [19,20].
No major cytochrome P450 inhibition has been reported with
desloratadine and its bioavailability is minimally affected by drugs
interfering with transporter molecules [21,22].

Desloratadine has a higher H1 receptor affinity and avidity than
other second-generation antihistamines [23]. It is 15-20 times more
potent than loratadine and terfenadine, and has 50-194 times greater
affinity than cetirizine, loratadine and fexofenadine [24,25].

Betamethasone is a potent glucocorticoid with anti-inflammatory
and immunosuppressive properties. It can be administered orally
(usual dose 0.6-7.2 mg), parentally, by local injection, by inhalation,
or applied topically for the management of various disorders in
which corticosteroids are indicated [26]. It has minimal to no
mineralocorticoid activity and is commonly used to control severe
or incapacitating allergic conditions intractable to adequate trials of
conventional treatment and control of acute manifestations.

The pharmacokinetics after oral administration of betamethasone is
hardly documented. According to the Biopharmaceutics Classification
System, betamethasone is a Class 2 drug as it exhibits low solubility and
high permeability [27]. It is metabolized in most tissues, but mainly in
the liver, to inactive compounds and is cleared mainly by the liver, with
a small amount excreted by the kidney [28]. It is 64% bound to plasma
proteins and has a half-life of 6.5 h [29].

This bioequivalence study was performed using an in vivo method
where the concentrations of the active ingredient and metabolite in
an accessible biological fluid are measured as a function of time in
humans. According to EMA, this is the most recommended method
to assure that formulations perform in an equivalent manner and thus
demonstrate that they are therapeutic equivalent [30].

Inter-subject pharmacokinetic variability for desloratadine and
betamethasone is about 19% and 16% for C__ respectively. Multiple
dose pharmacokinetics are predictable from single-dose data [14,29].

Objectives

This study was conducted to assess the bioequivalence of a fixed
dose combination (FDC) including desloratadine and betamethasone
(Oradus Beta 5 mg desloratadine/0.6 mg betamethasone film coated
tablet, Pharmaline, Lebanon) with a reference product (Frenaler Cort 5

mg desloratadine/0.6 mg betamethasone film coated tablet, Roemmers
S.AICF., Argentina). The study protocol was prepared with relevance
to the requirements setin the EMA CPMP (CPMP/EWP/QWP/1401/98
Rev. 1 [30]. guidance for conduction of bioequivalence studies.

Materials and Methods
Study products

Investigational product: Oradus Beta 5 mg desloratadine/0.6 mg
betamethasone film coated tablet.

Batch no.: OB 22.1 Expiry Date: January/2016
Manufacturer: Pharmaline, Lebanon

Reference product: Frenaler Cort 5 mg desloratadine /0.6 mg
betamethasone film coated tablet

Batch no.: 00075 Expiry Date: July/2015

Manufacturer: Roemmers S.A.I.C.F., Argentina
Study design

Forty healthy, Caucasian adult males participated in this
comparative study at PRU, Amman, Jordan. Although the study
targeted, as per the protocol inclusion criteria, the general population,
no female showed up at the site. The sample size was based on 19%
intra-subject variability of Desloratadine at C__and 80% power
to detect 10% difference between the two formulations [31,32]: 32
subjects would be sufficient; however since there is no published
studies for betamethasone tablet, sample size was increased to 40
subjects. The mean age was 29 + 8 years with a range of 18 to 49 years
old, mean body weight was 71 + 10 kg with a range of 55-92 kg, mean
body height was 173 + 6 cm with a range of 162-190 cm and body
mass index was 23.5 * 3.0 kg/m? with a range of 18.7-29.8 kg/m?. The
volunteers had medical history and physical examination within the
range of clinical acceptability, and laboratory results (hematology,
blood biochemistry, and urine analysis) within normal ranges. All
subjects were instructed to abstain from taking vitamins and herbal
supplements as well as grapefruit or grapefruit containing products for
7 days prior to first dosing and during the study period. In addition,
subjects were instructed to abstain from taking drugs during the two
weeks prior to study initiation day, and to abstain from taking enzyme
stimulating or inhibiting drugs (e.g. Barbiturates, Carbamazepine,
Phenytoin, Amphetamine, Benzodiazepine, cannabinoid, cocaine,
opiates, phencyclidine and methadone) during one month before the
study initiation.

Subjects were informed about the aim and risks of the study by
the clinical investigator and then signed a written informed consent
statement before entering the study. The study was carried out in
accordance with the principles enunciated in the Declaration of
Helsinki resolved in Helsinki in 1964 and amended in Seoul, 2008 [33],
the ICH E6 harmonized tripartite guideline regarding Good Clinical
Practice [34], CPMP Guideline on the Investigation of Bioequivalence
[30], OECD Principles of Good Laboratory practices [35] and with
recommendations published in “bio-international, bioavailability,
bioequivalence, and pharmacokinetics [36] as well as with the local
requirements of the Jordan Food and Drug Administration in relation
to human rights and confidentiality [37]. Before the start of the study,
the protocol was approved by the Institutional Review Board (IRB) of
PRU, Amman, Jordan.
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Drug administration and sample collection

The study was designed as an open-label, randomized, single dose,
two-treatments, two-sequences, two-periods, and crossover design
performed under fasting conditions.

Each period lasted 72 h. The two periods were separated from
each other by a washout period of 14 days. Subjects were admitted to
PRU clinical site 12-18 h prior to study drug administration, until 24
h after dosing in each period. The subjects returned to the site to give
the 36.00 h and remaining samples as per schedules time. Following an
overnight fasting of at least 10 h, the study subjects were given single
dose of either formulations (reference or test) of desloratadine 5 mg
or betamethasone 0.6 mg with 240 ml of water. No food was allowed
until 4 h after dose administration. Lunch and dinner were given to
all volunteers according to a time schedule. There was no restriction
on water intake 2 h after dosing. The volunteers were continuously
monitored throughout the confinement period of study. They were not
permitted to lie down or sleep for the first four hours after the dose.
Blood samples were collected in each study period before (1.00 h/pre-
dose) and at 00.33, 0.66, 1.00, 1.33, 1.66, 2.00, 2.50, 3.00, 3.50, 4.00,
4.50, 5.00, 6.00, 8.00, 10.00, 12.00, 15.00, 20.00, 24.00, 36.00, 48.00 and
72.00 h after dosing. For each sample, 8 ml of blood for desloratadine
and betamethasone assay were drawn into heparinated tubes through
indwelling cannula. Blood samples were centrifuged at 4000 rpm for 5
minutes. The resulting plasma was immediately stored at -70°C until
assayed. After a washout period of 14 days the study was repeated in the
same manner to complete the crossover design.

Analysis for parent drugs

Desloratadine: Desloratadine and the internal standards ([*H,]-
Descarboethoxyloratadine) were extracted from human plasma
samples by liquid-liquid extraction using (70:30) (V/V) (DEE:DCM).
Prior to the extraction, 100 microliters of internal standard solution
(16.632 ng/mL) were added to 1.00 ml of plasma sample and vortexed
for 30 seconds. Then 200 pL of 0.1M sodium hydroxide was added to
the sample which was subjected to vortex for 30 seconds followed by
adding 5.00 ml of (70:30) (V/V) (DEE:DCM). The sample then was
subjected for 10 minutes mixing, then it was centrifuged (4000 rpm, 5
minutes); decantation of 3 mL of the supernatant layer was taken and
then evaporated under nitrogen for 10 minutes and then sample was
reconstituted with 200 uL with mobile phase. 30 uL then were injected
to the column.

Analysis was performed using a method fully developed and
validated at PRU Bio-analytical laboratory. The study plasma samples
were analyzed using a validated LC coupled with MS-MS detector. All
solvents used were of HPLC grade. Acetonitrile, 2-Propanol, DCM and
Methanol were purchased from Scharlau (Spain). DEE was purchased
from RCI labscan (Thailand), ammonium formate from JHD (China)
and sodium hydroxide from Merck (Germany). Desloratadine was
obtained from Pharmaline whereas the internal standard ([*H,]-
Descarboethoxyloratadine) was from AISAChim (France).

The LC-MS-MS consisted ofliquid chromatographicsystem (Agilent
1100, Germany), coupled with a triple quadrupole spectrometer (API
5000) from Applied Biosystems, (MDS Sciex, Canada), equipped with
ESI source for the ionization (positive ionization mode). Integration
was done using the Analyst 1.5.1 software (Applied Biosystems).

Chromatographic separation for desloratadine was performed
using Thermo Hypurity C18 (5 pm) (150 x 2.1 mm) column from
Thermo Scientific (USA). The mobile phase consisted of Solution A

(250 ml of 0.01 M Ammonium formate, measured pH: 7.60 + 0.30)
and Solution B (60:40, (V/V) MEOH: ACN) mixture (30:70) (V/V)
and eluted at a rate of 0.300 (mL/min). A flushing solution including
methanol, acetonitrile, 2-propanol and water mixture (30:20:20:30)
was used. The column temperature was 40°C. Detection was done by
multi reaction monitoring (MRM) mode, using the positive mode. The
ion transition (m/z) for desloratadine was: 311.311/259.300. The ion
transition for the internal standard was: 315.263/263.00. The peak area
was measured, and the peak area ratio of drug to internal standard and
the concentration were calculated by Analyst software.

Method development and validation were conducted in
accordance with international guideline [38]. Under the described
conditions, the lower limit of quantitation from 1000 ul plasma was
0.060 ng/ml for desloratadine. Linearity was evaluated by calculating
the linear regression (product moment correlation coefficient, r), and
by evaluating the back calculated concentrations of the calibration
standards. Results of the calibration curve linearity are summarized in
Table 1a.

The relationship between concentration and peak area ratio
was found to be linear within the range of 0.060-3.592 ng/ml for
desloratadine. Accuracy and precision were verified using quality
control samples at low, medium, high concentration as well as at the
LLOQ. Results are reported in Table la.

The intra-day accuracy of the method for desloratadine ranged
from 96.67 to 109.95%, while the intra-day precision ranged from
1.51 to 9.68%. The inter-day accuracy for desloratadine ranged from
99.44 to 110.58% while the inter-day precision ranged from 2.54 to
15.15%. Absolute recovery - percentage ratio of the concentrations
in an extracted plasma sample with the reference sample of the same
concentration which was dissolved in the same solution as extracted
sample-was between 89.20 and 90.52% for desloratadine. Accuracy
ranged between 86.43% and 90.52%. Short-term temperature stability
study demonstrates that desloratadine is stable in plasma for 24 h on the
bench at room temperature, as shown in Tables 1a and 1b. In addition,
long term stability studies showed that desloratadine in the plasma
samples were stable when stored frozen for up to 89 days at freezer
of temperature range between 25°C to -15°C and for up to 54 days
between -80°C to -60°C -Freeze and thaw stability test was determined
after five cycles: After storage at temperature range of -80°C to -60°C
and -25°C to -15°C for at least 12 h (or 24 h for the first cycle), samples
were completely thawed unassisted at room temperature. The stability
results indicate that desloratadine is stable under fifth freezing and
thawing cycles at both temperature ranges. Table 1a and 1b report the
results after storage at temperature range of -80°C to -60°C.

Hydroxydesloratadine: Although bioequivalence acceptance
criteria were only based on parent compound pharmacokinetic
parameters, assessing desloratadine metabolite data was done as
supportive evidence of comparable therapeutic outcome.

Analysis was performed using a method fully developed and
validated at PRU Bio-analytical laboratory. The analytical method is
similar to the one described for desloratadine. 3-Hydroxydesloratadine
and the internal standard (3-hydroxydesloratadine-d4) were obtained
from TRC (Canada). Chromatographic detection was done by multi
reaction monitoring (MRM) mode, using the positive mode. The ion
transition (m/z) for hydroxydesloratadine was: 327.211/275.200. Theion
transition for the internal standard ([*H,]-Descarboethoxyloratadine)
was: 331.267/279.300. The peak area was measured, and the peak area
ratio of drug to internal standard and the concentration were calculated
by Analyst software.
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Method development and validation were conducted in accordance
with international guideline [35,36]. Under the described conditions,
the lower limit of quantitation from 1000 pl plasma was 0.068 ng/ml
for hydroxydesloratadine. Linearity was evaluated by calculating the
linear regression (product moment correlation coefficient, r), and
by evaluating the back calculated concentrations of the calibration
standards. Results of the calibration curve linearity are summarized in
Table 1b.

The relationship between concentration and peak area ratio
was found to be linear within the range of 0.068-1.355 ng/ml for
hydroxydesloratadine. Accuracy and precision were verified using
quality control samples at low, medium, high concentration as well as
at the LLOQ. Results are reported in Table 1b.

The intra-day accuracy of the method for hydroxydesloratadine
ranged from 98.52 to 115.10%, while the intra-day precision ranged from
1.72 to 7.14%. The inter-day accuracy for hydroxydesloratadine ranged
from 100.49 to 111.65% while the inter-day precision ranged from 3.20
to 8.11%. Absolute recovery-percentage ratio of the concentrations
in an extracted plasma sample with the reference sample of the same
concentration which was dissolved in the same solution as extracted
sample - was between 99.85 and 114.55% for hydroxydesloratadine.
Accuracy ranged between 99.85% and 114.55%. Short-term
temperature stability study demonstrates that hydroxydesloratadine is
stable in plasma for 24 h on the bench at room temperature, as shown
in Tables la and 1b. In addition, long term stability studies showed
that hydroxydesloratadine in the plasma samples were stable when
stored frozen for up to 89 days at freezer of temperature range between
25°C to 15°C and for up to 54 days between -80°C to -60°C. Freeze
and thaw stability test was determined after five cycles: after storage at
temperature range of -80°C to -60°C and -25°C to -15°C for at least 12 h
(or 24 h for the first cycle), samples were completely thawed unassisted
at room temperature. The stability results indicate that desloratadine
is stable under fifth freezing and thawing cycles at both temperature
ranges. Tables 1a and 1b report the results after storage at temperature
range of -80°C to -60°C.

Betamethasone: Betamethasone and the internal standard ([*H,]-
Betamethasone) were extracted from human plasma samples by liquid-
liquid extraction using (70:30) (V/V) (DEE:DCM).

Analysis was performed using a method fully developed and
validated at PRU Bio-analytical laboratory. The analytical method
used is similar to the one described for desloratadine. Betamethasone
was obtained from Pharmaline whereas the internal standard ([*H,]-
Betamethasone) was from AlsaChim (Canada). Chromatographic
detection was done by multi reaction monitoring (MRM) mode, using
the positive mode. The ion transition (m/z) for betamethasone was:
393.270/373.300. The ion transition for the internal standard was:
398.292/378.200. The peak area was measured, and the peak area ratio
of drug to internal standard and the concentration were calculated by
Analyst software.

Method development and validation were conducted in accordance
with international guideline [38]. Under the described conditions, the
lower limit of quantitation from 1000 pl plasma was 0.101 ng/ml for
betamethasone. Linearity was evaluated by calculating the linear regression
(product moment correlation coefficient, r), and by evaluating the back
calculated concentrations of the calibration standards. Results of the
calibration curve linearity are summarized in Table 1c.

The relationship between concentration and peak area ratio
was found to be linear within the range of 0.101-7.265 ng/ml for

betamethasone. Accuracy and precision were verified using quality
control samples at low, medium, high concentration as well as at the
LLOQ. Results are reported in Table 1c.

The intra-day accuracy of the method for betamethasone ranged
from 96.15 to 108.91%, while the intra-day precision ranged from 6.01
to 13.64%. The inter-day accuracy for betamethasone ranged from
98.62 to 111.34% while the inter-day precision ranged from 6.51 to
17.31%. Absolute recovery-percentage ratio of the concentrations in
an extracted plasma sample with the reference sample of the same
concentration which was dissolved in the same solution as extracted
sample-was between 94.31 and 101.26% for betamethasone. Accuracy
ranged between 94.31% and 101.26%. Short-term temperature stability
study demonstrates that betamethasone is stable in plasma for 24 h
on the bench at room temperature, as shown in Tables la and 1b. In
addition, long term stability studies showed that betamethasone in the
plasma samples were stable when stored frozen for up to 89 days at
freezer of temperature range between 25°C to -15°C and for up to 54 days
between -80°C to -60°C -Freeze and thaw stability test was determined
after five cycles: After storage at temperature range of -80°C to -60°C
and -25°C to -15°C for at least 12 h (or 24 h for the first cycle), samples
were completely thawed unassisted at room temperature. The stability
results indicate that betamethasone is stable under fifth freezing and
thawing cycles at both temperature ranges. Table 1a and 1b report the
results after storage at temperature range of -80°C to -60°C.

Pharmacokinetic analysis

Pharmacokinetic analysis was performed using the Thermo
Scientific Kinetica (version 5.1) a commercially available Software
package. (Thermo fisher, USA). The elimination rate constant (ke) was
obtained as the slope of the linear regression of the log-transformed
concentration values versus time data in the terminal phase.
Elimination half-life (T, ,) was calculated as 0.693/ke. Area under the
plasma concentration versus time curve (AUC ), from time (0) to the
last measurable concentration (t), was calculated by the linear-up/log-
down method. The area under the plasma concentration versus time
curve from time (0) to infinity (AUC, ) is calculated as the sum of the
AUC,, plus the ratio of the last measurable plasma concentration to
the elimination rate constant. The residual area was determined as the
ratio of the difference in the two areas under the plasma concentration
versus time curve over AUC . The mean residual time from zero to
infinity is calculated from the ratio of the area under the first moment
curve to area under the plasma concentration versus time curve.

Statistical analysis

The pharmacokinetic parameters AUC , AUC _ and C__ were
considered as primary variables.

The following pharmacokinetic parameters of Desloratadine, its
metabolite 3-hydroxydesloratadine and betamethasone were assessed:
Maximum plasma concentration C__, Time point of maximum plasma
concentration T, , Terminal elimination rate constant ke, Half-life of
drugelimination during the terminal phase (t, ). Inaddition, Areaunder
the plasma concentration-time curve from 0 h to 72 h (AUC__)) was
evaluated for desloratadine and its metabolite 3-hydroxydesloratadine
whereas Area under the plasma concentration-time curve from 0 h to
the last quantifiable concentration estimate (AUC, ) and Area under
the plasma concentration-time curve from 0 h to infinity (AUC,, )
were assessed for betamethasone as well as Residual area (%) and mean
residence time from 0 h to infinity.

J Bioequiv Availab
ISSN: 0975-0851 JBB, an open access journal

Volume 8(5): 233-241 (2016) - 236



Citation: Bustami R, Khasawneh S, Absi W, Feddah H, Menassa M, et al. (2016) Bioequivalence of a Fixed Dose Combination of Desloratadine/
Betamethasone Tablets (Oradus Beta) in Healthy Human Volunteers. J Bioequiv Availab 8: 233-241. doi: 10.4172/jbb.1000301

1a Desloratadine

Regre-ssmn Concentration range Number of points Correlation coefficient
equation (ng/ml)
0.060 - 3.592 8 0.9971
Plasma sample 0.060 ng/ml 0.180 ng/ml 0.539 ng/ml 1.796 ng/ml 2.694 ng/ml

Accuracy (%) Precision (%) Accuracy (%) Precision (%) Accuracy (%) |Precision (%) Accuracy (%) Precision (%) Accuracy (%) Precision (%)

Intra-batch (n=6)103.33 9.68 96.67 4.02 99.07 2.81 107.13 1.51 109.95 1.72
'(’r‘]f{;;amh 110.00 15.15 102.78 8.1 99.44 3.54 109.58 2.54 110.58 4.90
Short-term
stability (n=6) - 94.44 2.35 - - - - 101.82 1.79
Freeze and thaw
stability (n=6) - - 91.67 7.27 - - - - 92.35 6.07
1b 3-hydroxydesloratadine
Regre_sswn Concentration range Number of points Correlation coefficient
equation (ng/ml)

0.068 - 1.355 8 0.9969
Plasma sample 0.068 ng/ml 0.203 ng/ml 0.405 ng/ml 0.675 ng/ml 1.013 ng/ml

Accuracy (%) Precision (%) Accuracy (%) Precision (%) Accuracy (%) Precision (%) Accuracy (%) Precision (%) Accuracy (%) Precision (%)

Intra-batch (n=6) 102.94 7.14 98.52 7.00 102.96 4.08 110.67 2.41 115.10 1.72
'(:tf{éb)a“’h 108.82 8.11 100.49 7.35 103.46 5.97 110.96 3.20 111.65 7.07
Short-term
stability (n=6) - 113.79 6.49 - - - - 110.86 3.47
Freeze and thaw
stability (n=6) - 106.90 5.07 - - - - 103.36 9.26
1c Betamethasone
Regre_ssmn Concentration range Number of points Correlation coefficient
equation (ng/ml)
0.101 - 7.265 8 0.9967
Plasma sample |0.101 ng/ml 0.303 ng/ml 1.090 ng/ml 3.632 ng/ml 5.449 ng/ml
Accuracy (%) Precision (%) |Accuracy (%) Precision (%) Accuracy (%) | Precision (%) Accuracy (%) Precision (%) Accuracy (%) |Precision (%)
Intra-batch (n=6) 108.91 13.64 103.63 6.05 96.15 6.01 101.68 8.02 108.53 7.95
'(:t_f%b)amh 102.97 17.31 108.25 11.28 98.62 6.51 108.54 7.56 111.34 7.83
Short-term
stability (n=6) - 102.64 5.79 - - - - 104.33 4.45
Freeze and thaw)_ - 104.95 4.09 - - - - 102.24 8.96

stability (n=6)

Table 1: Linearity, accuracy, precision and stability data for the analytical method validation for the determination of desloratadine (1a), 3-hydroxydesloratadine (1b) and

betamethasone (1c) in plasma.

Two-way analysis of variance for crossover design was used to
assess the effect of formulations, periods, sequences and subjects on
these parameters. Difference between two related parameters was
considered to be statistically significant for p-value equal to or less than
0.05. Parametric 90% confidence intervals based on the ANOVA of the
mean test/reference (T/R) ratios of AUCs and C__were computed,
[36] using SAS statistical package version 9.1.3, (SAS Institute Inc,
USA). The data was transformed prior to analysis using a logarithmic
transformation. T adopted a non-parametric and was applied to
untransformed data.

Results and Discussion

Out of the forty volunteers, thirty seven subjects completed the
study and were evaluated for pharmacokinetic data for betamethasone.
One subject was excluded by clinical investigator due to Tonsillitis
and two other subjects withdrew freely of consent before admission in
period II. Only thirty four subjects were evaluated for pharmacokinetic

data for desloratadine as three subjects were excluded because their
pre-dose concentration was greater than 5% of the C_  Similarly,
thirty four subjects were evaluated for pharmacokinetic data for
hydroxydesloratadine metabolite as two subjects were excluded
because their pre-dose concentration was greater than 5% of the C_
and one subject was excluded because his reference AUC was less than
5% of reference medicinal product AUC geometric mean.

Desloratadine and betamethasone were well tolerated; unexpected
incidents that could have influenced the outcome of the study did not
occur. All volunteers were discharged in good health.

Both formulations were readily absorbed from the gastrointestinal
tract. First quantifiable plasma concentrations of desloratadine, its
metaboliteand betamethasone were observed at0.33 h: For desloratadine
in 27 subjects after the test product administration and in 25 subjects
after the reference product administration; for 3-hydroxydesloratadine
in 15 subjects after the test product administration and in 7 subjects
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after the reference product administration; for betamethasone in 31
subjects after the test product administration and in 24 subjects after
the reference product administration.

The mean-concentration-time profiles for desloratadine,
3-hydroxydesloratadine and betamethasone for the two formulations
are shown in Figures 1-3. Means of peak concentration of 2.053
and 2.098 ng/ml for desloratdine in test and reference products
respectively were attained at means of 3.40 and 3.36 h after drug
administration and then declined rapidly. Desloratadine exhibits
two peaks plasma concentrations which may indicate that the drug
undergoes enterohepatic circulation since desloratadine is a substrate
for the efflux transporter P-glycoprotein. To our knowledge, this has
not been reported in the literature. Desloratadine concentrations
were quantifiable to 72.00 h in 33 subjects after the test product
administration and to 72.00 h in 34 subjects after the reference product
administration.

Means of peak concentration of 0.898 and 0.781 ng/ml for
3-hydroxydesloratadine were attained at means of 4.72 and
4.87 h after drug administration and then declined gradually.
3-hydroxydesloratadine concentrations were quantifiable to 72.00 h in
31 subjects after the test product administration and to 72.00 h in 31
subjects after the reference product administration.

Means of peak concentration of 5.128 and 4.912 ng/ml for
Betamethasone were attained at means of 1.55 and 2.15 h after
drug administration and then declined gradually. Betamethasone
concentrations were quantifiable to 72.00 h in 5 subjects after the test
product administration and to 72.00 h in 5 subjects after the reference
product administration.

Tables 2a-2c report the pharmacokinetic parameters of
desloratadine, its metabolite and betamethasone for the two brands
which highlights the closeness of the results. Mean and standard
deviation of the three pharmacokinetic parameters of the two
formulations did not differ significantly.

For desloratadine, the relative bioavailability of Oradus Beta on the
basis of Frenaler Cort is 96.29% (CV: 18.67%) for AUC, ., and 97.86%

(CV: 15.71%) for C_ . For desloratadine metabolite, the relative
bioavailability of Oradus Beta on the basis of Frenaler Cort is 108.227%

(CV:16.52%) for AUC0-72 and 114.381% (CV: 18.34%) for C__ . Data
on the metabolite was used as supportive data only. For betamethasone,
the relative bioavailability of Oradus Beta on the basis of Frenaler Cort
is 99.92% (CV: 13.76%) for AUC_, 100.00% (CV: 13.83%) for AUC
.»and 104.51% (CV: 11.30%) for C__ . For bioequivalence assessment,
the test and reference products are considered bioequivalent if the 90
% confidence interval of the geometric mean of the log-transformed
data of the test/reference ratio percentage for desloratadine and for
betamethasone fall within 80.00-125.00 % for each of the primary end
points. As reported in Table 3, confidence intervals for desloratadine
primary pharmacokinetic parameters C_ , and AUC,, were 91.78-
104.35%, and 89.24-103.90% respectively. For betamethasone, C_ ,
AUC,, and AUC__ values were 99.99-109.24%, 94.69-105.45% and
94.74-105.56% respectively. For desloratadine metabolite, C_  and
AUC, _, values were 106.14-123.26 and 101.17-115.78% respectively.

0-72

All values were all within the accepted 80-125% range.

Analysis of variance (ANOVA) for these parameters, after log-
transformation of the data, reveals no statistically significant difference
between the two formulations, with p-value greater than 0.05. The
ANOVA analysis of the drug demonstrates that the sequence, product
and period effect for all bioequivalence metrics did not influence the
outcome of the study.

The bioequivalence of Oradus Beta tablets vs. Frenaler tablets
following a single dose administration of 5 mg desloratadine and
0.6 mg betamethasone to healthy adults under fast conditions was
demonstrated.

Conclusion

Thebioequivalence of Oradus p-desloratadine and betamethasone
combination tablets-(Test Product/Pharmaline s.a.l, Lebanon)
and Frenaler tablets (Reference Product/ Roemmers S.A.I.C.F,
Argentina) following the administration of a single dose of 5 mg
desloratadine and 0.6 mg betamethasone to healthy adults under
fast conditions was demonstrated. Single dose of the FDC tablets
was generally well tolerated. The two formulations tablet can be
considered therapeutic equivalent, and thus they can be substituted
for each other without any adjustment in dose or other additional
therapeutic monitoring.

Figure 1: Geometric mean (SD) plasma concentration-time profiles for desloratadine following administration of FDC tablets Oradus Beta and Frenaler Cort tablets
to 34 healthy human volunteers (Left: Arithmetic plot with error bars; Right: Semi-logarithmic plot).
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Figure 2: Geometric mean (SD) plasma concentration-time profiles for 3-hydroxydesloratadine following administration of FDC tablets Oradus Beta and Frenaler
Cort tablets to 34 healthy human volunteers (Left: Arithmetic plot with error bars; Right: Semi-logarithmic plot).

Figure 3: Geometric mean (SD) plasma concentration-time profiles for betamethasone following administration of FDC tablets Oradus Beta and Frenaler Cort
tablets to 37 healthy human volunteers (Left: Arithmetic plot with error bars; Right: Semi-logarithmic plot).

2a Desloratadine (n=34)

Pharmacokinetic Parameter Oradus Beta 5 mg/0.6mg tablets (Test) Frenaler Cort 5 mg/0.6mg tablets (Reference)
C,.x (ng /ml) 2.053 + 0.541 2.098 + 0.563
AUC_, (ngxhr/ml) 34.128 +9.707 36.419 + 13.373
T (hr) 3.40+1.65 3.36 +1.47

2b 3-hydroxydesloratadine (n=34)

Pharmacokinetic Parameter Oradus Beta 5 mg/0.6mg tablets (Test) Frenaler Cort 5 mg/0.6mg tablets (Reference)
C,.x (g /ml) 0.898 + 0.309 0.781 + 0.256
AUC,, (ngxhr/ml) 20.516 + 5.428 19.232 £ 5.740
T ax (OF) 4.72+1.36 4.87 +1.93

2c Betamethasone (n=37)

Pharmacokinetic Parameter Oradus Beta 5 mg/0.6mg tablets (Test) Frenaler Cort 5 mg/0.6mg tablets (Reference)

C, o (ng /ml) 5.128 + 0.950 4.912 £ 0.902

AUC, (ngxhr/ml) 55.824 + 11.521 56.742 + 15.928

AUC  _ (ngxhr/ml) 58.984 + 12.122 59.882 + 17.169

T, (1) 1.55+0.82 215+ 1.12

T,, (hr) 11.12 £ 3.89 10.24 £2.84

K, . . (hr') 0.0679 + 0.0180 0.0723 + 0.0194
MRT . (hr) 15.21 £ 4.22 14.55 + 3.48
Residual area (%) 3.161 + 1.888 3.140 £ 1.925

Table 2: Pharmacokinetic parameters of desloratadine (2a), 3-hydroxydesloratadine (2b) and betamethasone (2c) for two brands (mean + standard deviation).
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3a Desloratadine (n=34)

Assessment Parameter C, AUC .,
Point Estimate (%) 97.86 96.29
Lower limit (%) 91.78 89.24
Upper limit (%) 104.35 103.90
Power 99.98 99.17
3b 3-hydroxydesloratadine (n=34)
Assessment Parameter C oo AUC .,
Point Estimate (%) 114.38 108.23
Lower limit (%) 106.14 101.17
Upper limit (%) 123.26 115.78
Power 62.73 97.11
3c Betamethasone (n=37)
Assessment
Parameter Conax AUC,, AUC,..
Point Estimate (%) 104.51 99.92 100.00
Lower limit (%) 99.99 94.69 94.74
Upper limit (%) 109.24 105.45 105.56
Power 99.10 99.10 99.10

Table 3: Statistical Analysis: 90% confidence intervals of log transformed data of
desloratadine (3a), 3-hydroxydesloratadine (3b) and betamethasone (3c).
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