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1 Rupatadine fumarate (Fig. 1a) is 8�chloro�6,11�di�
hydro�11�(1�((5�methyl�3�pyridyl)methyl)�4�piperi�
dylidene)�5H�benzo(5,6)cyclohepta(1,2�b)pyridine.
RPT is a non�sedating H1 antihistamine that further
blocks platelet�activating factor (PAF) receptor. It is a
potent and orally active therapeutic agent for the treat�
ment of seasonal allergic rhinitis and chronic idio�
pathic urticaria [1].

Montelukast sodium (Fig. 1b) is 2�[1�[1(R)�[3�
[2(E)�(7�chloroquinolin�2�yl)vinyl]phenyl]�3[2�(1�
hydroxy�1�methylethyl)phenyl]propylsulfanylmeth�
yl]cyclopropyl] acetic acid sodium salt. MNT is a
specific cysteinyl leukotriene receptor antagonist be�
longing to a styryl quinolines series. It is agent of
choice in various cases for the treatment of bronchial
asthma [2]. RPT and MNT is a well accepted combi�
nation in treatment of asthma, allergic rhinitis and ur�
ticaria. Presence of RPT also enhances the effect of
MNT in asthma. 

Various methods of analysis were documented for
the determination of RPT and MNT individually.
RPT was determined in pharmaceutical formulation
by HPLC [3], LC−MS/MS [4] and HPTLC [5].
Methods available for the separation and individual
determination of MNT include HPLC [6], protein
precipitation [7], LC−MS/MS [8], liquid−liquid ex�

1 The article is published in the original.

traction using HPLC with fluorescence detection [9],
stereo�selective HPLC using column�switching [10],
and determination in human plasma by the column�
switching HPLC [11], derivative spectroscopy HPLC
[12], microwave�assisted extraction [13], pressurized
liquid extraction form pharmaceutical solid dosage
form [14], residual determination in bulk drug [15]. 

Apart from individual analyses, a spectrophoto�
metric method for simultaneous estimation of RPT
and MNT was also reported [16]. This indicates that
for such a widely used combination of drugs only
methods of determination of individual compounds
are reported and no HPLC method has been developed
for the simultaneous determination of this combination
in commercial formulations. This fact stimulated us to
carry out this particular work. Moreover, validation and
stability indicating studies in combination also proves
whether both drugs have chemical interaction between
them or not. Thus, it would be beneficial to provide ac�
curate, precise and reliable method for simultaneous
determination of RPT and MNT. The present work de�
scribes analytical procedures for the quantitation of
RPT in co�formulation with MNT using reversed
phase HPLC. 

EXPERIMENTAL

Solvents and reagents. RPT and MNT were ob�
tained as a gift from Zydus Cadila Ltd., Ahmedabad
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(India). Rupanex M tablets (Dr. Reddy’s Lab.) were
procured from local market. HPLC grade acetonitrile
and methanol were procured from Merck, India. Po�
tassium dihydrogen orthophosphate and orthophos�
phoric acid AR grade were from Merck, India. Highly
pure water was prepared by using Millipore Milli Q
plus purification system.

Instrumentation and materials. Analysis was per�
formed on Waters HPLC 2695 separation module with
built�in PDA detector and auto sampler. Chromato�
graphic software Empower 2 was used for data collec�
tion and processing. The analytical column was Hy�
persil BDS C8 (250 mm × 4.6 mm, 5 μm) with the
mobile phase methanol: acetonitrile: phosphate buff�
er (40 : 30 : 30, v/v), pH of buffer was maintained at
3 ± 0.05 with H3PO4. Mobile phase was filtered with
0.22 μm filter in Millipore vacuum filtration assembly
and degassed prior to operating under isocratic condi�
tion at a flow rate of 1.0 mL/min. Sample injection
volume was 20 μL and column oven temperature was
40°C, elution was monitored at 270 nm with run time
20 min.

Sample preparation. Stock solutions (10 μg/mL) of
RPT and MNT were prepared in HPLC�grade meth�
anol : water (80 : 20, v/v). The solutions were kept in
dark until analysis. Series of each standard were pre�
pared by progressive dilution of the stock solution. 

Linearity. Appropriate aliquots of standard stock
solution were taken in different 10mL volumetric flasks
and diluted up to the mark with mobile phase to obtain fi�
nal concentrations of 5, 8, 10, 12 and 15 μg/mL of each
compound. The solutions were injected using a 20 µL
fixed loop system and chromatograms were recorded.
RPT and MNT both follow linearity in range 5 to
15 μg/mL (Table 1). 

Analysis of the tablet dosage form. Twenty tablets
(Rupanex�M) were weighed accurately and crushed to
form fine powder. Powder weight equivalent to 20 mg
of RPT and MNT each were dissolved in a 200 mL
volumetric flask with methanol. It was sonicated fol�
lowed by filtration using Whatmann filter paper No. 1.
Appropriate aliquots were transferred into five differ�
ent 50 mL volumetric flasks and the volume was made
up to the mark with methanol: water (80 : 20, v/v) to

get concentration 10 μg/mL. The solutions were sub�
ject to analysis and results obtained as in Table 2.

Validation parameters. The developed method was
validated as per ICH guidelines in terms of its linearity,
accuracy, limit of detection (LOD), limit of quantifi�
cation (LOQ), specificity, intra�day and inter�day pre�
cision and repeatability of measurement.

Accuracy. It was found out by recovery study using
standard addition method. Known amounts of stan�
dards of RPT and MNT were added to pre�analyzed
samples at a level from 80 up to 120% and then sub�
jected to the proposed HPLC method. Results of re�
covery studies are shown in Table 3.

Precision. Intraday and interday precision of the
assay of samples containing RPT and MNT having
concentration 8, 10, 12 µg/mL for both were analyzed
five times in the same day (intraday) and for three con�
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Fig. 1. Chemical structures of RPT (a) and MNT (b).

Table 1. Linearity of the proposed method for RPT and
MNT (n = 5)

Parameter RPT MNT

Linear range, mg/mL 5–15 5–15

Slope 2.6 × 104 4.14 × 104

Intercept –3150 –12314

Correlation coefficient (r 2) 0.9997 0.9995

Table 2. Analysis of tablet formulation (n = 5)

Analyte Label claim, 
mg/tablet

Amount found, 
mg/tablet RSD, %

RPT 10 10.0 0.4

MNT 10 10.1 0.6
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secutive days by different analysts (interday). Precision
was calculated as intra and interday coefficient of vari�
ation [% C.V. = (S.D./mean) × 100], as shown in the
Table 4.

Robustness. By introducing deliberate small changes in
the mobile phase pH (±0.2), flow rate (±0.1 mL/ min),
temp. (±5°C), and robustness of the proposed method
was studied.

Limit of detection and limit of quantification. The
LOD and LOQ were calculated by the use of the equa�
tions LOD = 3.3 × N/B and LOQ = 10 × N/B, where
N is the standard deviation of the peak areas of the
drug (n = 3), taken as the measure of the noise, and B
is the slope of the corresponding calibration plot. The
signal to noise ratio was determined. The LOD was re�

garded as the amount for which the signal to noise ratio
was 3 : 1 and LOQ regarded as the amount for which the
signal to noise ratio was 10 : 1 Results are shown in Ta�
ble 4.

Forced degradation studies. Forced degradation
studies were performed to evaluate the stability indi�
cating properties and specificity of the method. Inten�
tional degradation was carried out by exposing 20 mg of
samples in three 200 mL flasks containing acid (0.1 M
HCl at 60°C), base (0.1 M NaOH at 60°C) and hydrogen
peroxide (3% H2O2) for 30 min while one volumetric
flask was exposed to light for 12 h. Acidic and basic so�
lutions were neutralized. Then 5 mL aliquots were
transferred into three other 50 mL volumetric
flasks and made up to the mark with methanol: water
(80 : 20, v/v) in order to get the concentration of
10 mg/mL. All these three volumetric flasks were kept
in dark to exclude the possible degradation effect of
light. Twenty µL of sample solutions were injected and
analyzed against control samples (lacking of degradation
treatment). MNT is found to be degraded in light, acid
and hydrogen peroxide but no interferences of their
degradants (by checking peak purity) and excipients was
observed (by checking against placebo) (Table 5).

RESULTS AND DISCUSSION

An RP�HPLC method was optimized with a view
to develop an accurate and reproducible method so as
to resolve drugs. Isocratic elution is simple, requires
only one pump and flat baseline separation is achieved
for easy and reproducible results.

Optimization of the method was done by altering
mobile phase composition, pH, column packing, flow
rate, temperature, detection wavelength, and the ef�
fects on retention and peak shape were monitored for
RPT and MNT. The final chromatographic conditions
have been set for stationary phase giving satisfactory
resolution and run time with reversed phase Hypersil
BDS C8 (250 mm × 4.6 mm, 5 μm particle diameter)
column. A series of mobile phases varying the pH and
volume fractions of acetonitrile and methanol have
been also tested and the best results obtained by use of

Table 3. Recovery studies

Level 
of recovery

Amount of drug added  Recovery, %  RSD, %

RPT MNT RPT MNT RPT MNT

80% 8 8 100.4 99.4 0.7 1.2

100% 10 10 100.1 99.9 0.9 0.3

120% 12 12 99.1 99.9 0.5 0.7

Table 4. Summary of validation data

Parameter RPT MNT

Linear range, µg/mL (n = 5) 5–15 5–15

Correlation coefficient (r2) 0.9997 0.9995

Limit of detection, µg/mL 0.68 0.89

Limit of quantification, µg/mL 1.85 2.32

% Recovery (n = 9) 99.1 to 100.3 99.8 to 99.9

Precision, RSD, % (n = 5)

Repeatability 0.561 0.856

Intra�day 0.658 0.725

Inter�day 0.797 0.976

Robustness Robust Robust
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mobile phase consisting of methanol: acetonitrile:
buffer (pH 3) in 40 : 30 : 30 giving well resolved, sharp
peaks for RPT and MNT with a retention time of
3.9 and 15.4, respectively (Fig. 2). The flow rate of
1.0 mL/min at 270 nm and 40°C temperature for col�
umn oven was found to be the best for analysis. System
suitability parameters were studied by injecting five
replicate injections of working standard solution

(10 µg/mL) (Table 6). RSD was less than 2% in intra�
day and interday precision and in each parameter of
robustness. So the proposed method is precise and ro�
bust.

The forced degradation studies of RPT and MNT
was done to observe the number of degradants and
their retention times. This would also help to check the
interference of degradants and excipients in the com�
bination of drugs. The results of specificity studies in�
dicated no interference from excipients, impurities
and degraded products due to various stress condi�
tions. This assures that the peak response was due to a
single component. RPT does not show any peaks of
degradants as it degraded negligibly in all conditions.
The percentage degradation was found to be less than
10%, which may not be accountable as per ICH guide�
lines. MNT contains a thiol group and hence its deg�
radation in light and peroxide can be predicted. Apart
from this, MNT degrades in acidic condition when kept
in 0.1 M HCl for 30 min, and two degradant peaks sepa�
rate out at 24.8 and 30.2 min, respectively (Fig. 3a), while
no degradation is seen in basic condition. Oxidative deg�
radation is seen when kept in H2O2 for 30 min, which
gives single degradant peak at 7.7 min (Fig. 3b), and

Table 5. Forced degradation study

Agent Exposure 
time Condition

Degradant peak RT, min Degradation, %

RPT MNT RPT MNT RPT MNT

0.1 M HCl 30 min 60°C – 2 – 24.8 and 30.2 0.3 28.7

0.1 M NaOH 30 min 60°C – – – – 2.9 2.4

3% H2O2 30 min 60°C – 1 – 7.7 4.5 24.4

Light 12 h Sunlight – 2 – 7.5 and 11 – 10.6

Table 6. System suitability (n = 5)

Parameter Acceptance 
criteria

Result

RPT MNT

Theoretical plates 
(number)

More than 2000 6.3 × 103 1.2 × 104

USP tailing factor Less than 2 1.4 1.2

Capacity factor Should 
be non�zero

0.64 4.31

USP resolution More than 2 31.7
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Fig. 2. Typical chromatogram of RPT and MNT with retention time 3.9 and 15.4 min, respectively.
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Fig. 3. Degradation of RPT and MNT in acid (a), peroxide (b), and light (c).

two peaks are obtained at 7.5 and 11 min when ex�
posed to light Fig. 3c). 

* * * 

The proposed method was validated as per ICH
guidelines by preliminary analysis of standard sample
and recovery studies. The percentage of average recov�
eries for RPT and MNT obtained was 99.84 and 99.71,
respectively. From the degradation study it was con�
cluded that MNT is more sensitive to light and perox�
ide and it gives two degradants in acid, while RPT is
not affected by these forced degradation procedures.
The absence of additional peaks in the chromatogram
of degradation study indicates non�interference of the
common excipients used in the tablets and its
degradants by peak purity. This demonstrates that the
developed HPLC method is new, simple, linear, accu�
rate, sensitive and reproducible, and can serve as sta�

bility indicating assay. The developed method can be
easily used for the routine quality control of bulk and
tablet forms.
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