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ABSTRACT

Zafirlukast is a selective and competitive orally-administered inhibitor of
the cysteinyl leucotrienesand is currently indicated for the prophylaxisand
treatment of chronic asthma. A simple, rapid, and reliable L C method for the
determination of ZAF in pharmaceutical drug substancesand drug products
was developed and validated. The influence of buffer concentration, buffer
pH, organic modifier, column temperature, ion-pair reagent and injection
volume was systemically investigated in octadecyl columns (ID 46 mm,
length 25 cm, practical size 5 pm). Optimum results were obtained with 10 mM
potassium buffer, 5 mM of 1-decane sulphonic sodium salt at pH 4.0, and a
column temperature of 27 °C. The detection wavelength was set at 220 nm.
The method was suitably validated with respect to linearity, limit of detection
and quantification, accuracy, precision, selectivity, robustness and
ruggedness. Thelinear calibration range had aL OQ of 1.5 pg mL?, and the
limit of detection and quantification were0.009 and 0.06 pug mL™2, respectively,
with arelative standard deviation of 6.7%. The proposed method was applied
for the determination of ZAF in its pharmaceutical drug substances and
drug products. The results obtained from the developed method were
compared to an LC method reported in the literature, and no significant
statistical differences were found. Assay and RS methods were fully
validated and a comparison was made. The results confirm that the methods
are highly suitable for their intended purpose.
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empirical formulaisC_H_N.O.Sanditsmolecular

1 33 376

weightis575.7 g/mal.

Zafirlukast is chemically described as 4-(5-
cyclopentyl oxy-carbonylamino-1-methyl-indol-3-yl-
methyl) methoxy-N-o-tolylsulfonylbenzamide. Itisused
inthetreatment of asthma, oftenin conjunctionwithan
inhaled steroid and/or long-acting broncho dilator. Its

Zdirlukastisan ord leucotrienereceptor antagonist
(LTRA) that blocks the action of the cysteinyl
leucotrienes on the CysLT1 receptors, thusreducing
constriction of theairways, build-up of mucusinthe
lungs, and inflammation of the breathing passages.
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Zdfirlukast isavailablein tablet form under the brand
nameA ccolateand isusually dosed twicedaily.

Limited LC methods have been reported in the
literature. Furthermore, T. Radhakrishna et al.
developed an LC method and derived
spectrophotometric methods for the determination of
zdfirlukast!¥. Ficarraet d. described an LC method for
the analysis of zafirlukast in its pharmaceutical
formulationi?. Khanh H. Bui et a. reported anormal
phase LC method for the determination of zafirlukastin
human plasma using fluorescence detection®. J.D.
Fischer et d. reported on thequantitative determination
of zafirlukast usng HPLC in human plasmaduring the
comparison of zafirlukast absorption after oral and
colonicadministration’l.

Attemptsweremadeto develop asngleLC method
that could be used to determine nineteen process-rel ated
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Methyl 4-[5-(Cyclopentyloxy carbonyl) amino-1- methylindol-
3-yl-methyl]-3- methoxy benzoic acid
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Imp-4 (e)
N- {4-[5-(Cyclopentyloxy carbonyl) amino-1-methylindol -3-yl-
methyl]-3- methoxy benzoyl}-4-methyl benzene sulphonamide.
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impuritiesand metabolitesinbulk samplesof z&firlukast.
This manuscript deals with the development of a
stability-indicating anal ytical method using samples
generated from forced degradation studies. Although
nineteen impuritiescan be detected and separated with
reasonableresol ution by thissinglemethod, neverthdess
only five process-related impuritiesare monitored as
known impurities due to the absence of remaining
impuritiesin thefinished product’>®. The developed
method wasvalidated to meet the stipul ations of the
ICH guidelines®,

MATERIALSAND METHODS

Chemicals

Samplesof zafirlukast anditsfiveimpurities(Figure
1) wererece ved from the Research and Devel opment

o:m’:o

Imp-1(b)
N- {4-[5-(methoxy carbonyl) amino-1-methylindol-3-yl-methyl]-
3-methoxy benzoyl}-2-methyl benzene sulpho- namide.
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Imp-3(d)
N- {4-[5-(Cyclopentyloxy carbonyl) amino-1-methylindol -3-yl-
methyl]-3- methoxy benzoyl}-3-methyl benzene sulphonamide.
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Imp-5 (f)
M ethyl 4-[5-(Cyclo pentyloxy carbonyl) amino-1- methyl
indol-3-yl-methyl]-3-methoxy benzoate

Figurel: Chemical namesand structure
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Department of Integrated Product Devel opment of Dr.
Reddy’s Laboratories Limited, Hyderabad, India.
HPL C-grade acetonitrile and methanol were procured
from Ranchem, India. Analytical reagent grade
potassium dihydrogen orthophosphate and
orthophosphoric acid were purchased from Merck,
India. 1-Decane sulphonic acid sodium salt was
purchased from S.D. FineChem. Limited, India High
purewater was prepared by usng aMillipore Milli-Q
Pluspurification system.

Apparatus

The LC system used for the forced degradation
method devel opment sudieswasanAgilent 1100 series
(manufactured by Agilent Technologies, Wal dbronn,
Germany) LC sysemwith photodiodearay and variable
wavel ength detectors. Theoutput signa wasmonitored
and processed using Empower software (designed by
Waters) on aDigital Equipment Co. computer.

Chromatogr aphicconditions

The chromatographi c column used wasaZodiac
100, C 18,250 mm x 4.6 mm, with a5um particlesize.
The buffer was a mixture of 10 mM potassium
dihydrogen orthophosphate and 5 mM 1-decane
sulphonic acid sodium salt. The pH was adjusted to
4.0 with dilute orthophosphoric acid (solvent A),
acetonitrile (solvent B) and methanol in the ratio
(85:10:5)(v/viv). Theflow rate of themobile phasewas
kept at 0.8 mL min™. TheLC gradient was set astime
/% B: 0.01/40, 5/40, 17/62, 33/62, 35/60, 45/74, 55/
74, 60/86, 65/93, 75/40, 85/40. The column
temperature was maintained at 27 °C and the
wavelength was monitored at 220 nm. Theinjection
volumewas 20 pL. Thediluent acetonitrileand water
in the ratio 800:200 (v/v) was used to prepare the
standard, blend and system-suitability solutions.

SamplePreparation

Standard and test sol utionswith concentrations of
500 ug mL* were preparedindividualy, whileastock
solution of impurity blend (mixture of Imp-1, Imp-2,
Imp-3, Imp-4 and Imp-5) with aconcentration of 50
ug mL* was prepared as the diluent. A mixture
containing 7.5 ug mL* of each impurity and 500 ug
mL* of zafirlukast standard was prepared asasystem
suitability solution.

—= Fyll Paper
METHOD VALIDATION

The developed method is validated to meet the
dtipulationsof thel CH guiddines.
Specificity

Specificity istheability of amethod to measurethe
analyte response in the presence of its potential
impuritiesand degradation products. The specificity of
adeveloped LC method for zafirlukast was carried out
inthepresenceof itsimpurities: namely, Imp-1, Imp-2,
Imp-3, Imp-4 and Imp-5.

Forced degradation studieswere performed ona
bulk drug to provide an indication of the method’s
stability indicating property and specificity. Intentional
degradation was attempted to stressthe conditions of
photolytic degradation (asper the | CH recommended
condition), thermal degradation (drug substance
exposed a 105°C), acid hydrolysis(using0.5N HCI),
base hydrolysis(using 1 N NaOH), water hydrolysis
(reflux a 100 °C) and oxidative degradation (using 2%
H,0,) to evaluate the proposed method’s ability to
separate zafirlukast from itsdegradation products. For
heat and light studiesthe study period was seven days,
whereasfor acid, base, water hydrolysisand oxidative
degradation it was 12 h, 1.5 h, 48 h and 1.5 h,
respectively. PDA was employed to check and ensure
the homogeneity and purity of thezafirlukast peak in
the stressed sample solutions. Assessment of mass
balanceinthe degraded sampleswas checked to see
whether theamount of impuritiesdetected inthestressed
sample matched the amount present beforethe stress
was applied. Assay studies were carried out on the
stressed sampl e against azafirlukast-qualified reference
standard and the massbalance (Yo assay + %o sumof all
impurities+ sumof al degradants) wastabulated. An
assay wasdso cal culated for the bulk sampleby spiking
all fiveimpurities (Imp-1, Imp-2, Imp-3, Imp-4 and
Imp-5) at concentrationsof 0.75 pg mL™.

Precision

The assay method precision was evaluated by
carrying six independent assays of zafirlukast test
samplesagainst thequalified reference substance, and

calculating the %RSD and confidenceintervals. The
precisonwaschecked by injecting sx individua (n=6)
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preparations of (0.5 mgmL™?) zafirlukast spiked with
0.75 ug mL* of Imp-1, Imp-2, Imp-3, Imp-4 and Imp-
5with respect to theanayte concentration. The%RSD
was cal cul ated for the percentage areas of Imp-1, Imp-
2, Imp-3, Imp-4 and Imp-5.

Theintermediate precision of the method wasa so
eva uated us ng different anaysts, different days, and
different ingrumentsinthe samelaboratory.

Limit of detection (L OD) and limit of quantification
(LOQ)

TheLOD and LOQfor Imp-1, Imp-2, Imp-3, Imp-
4 and Imp-5were estimated at aS/N ratio of 3:1 and
10:1, respectively, by injecting aseriesof dilutesolutions
with known concentrations. Precision and accuracy
studies were also performed at the LOQ level by
injectingsx individua preparaions(n=6) of Imp-1, Imp-
2, Imp-3, Imp-4 and Imp-5 and cal cul ating the %0RSD
for each area

Theaccuracy wascarried out by standard addition
at the LOQ level, and arecovery study wasdonein
order to calculatethe % recovery.

Linearity

Linearity of thetest solutionsfor the assay method
wereprepared from astock solution at five concentration
(n=5) levels from 50% to 150% assay analyte
concentration (50, 75, 100, 125 and 150%). The peak
areaversusconcentration datawas ca culated by aleast-
sguareslinear regression anayss.

Linearity test solutions for the RS method were
prepared by diluting theimpurity stock solutionto the
required concentrations. The solutionswere prepared
at seven concentration (n=7) levelsfrom LOQto 150%
withrespect totheimpuritiesspecificationleve of 0.75
ugmL?(i.e., LOQ, 0.1875 pg mL?, 0.375 pg mL?,
0.5625 pg mL*%, 0.75 ug mL?, and 1.125 pg mL7).
Thecdibration curve wasdrawn by plotting the peak
areasof Imp-1, Imp-2, Imp-3, Imp-4 and Imp-5 against
their corresponding concentrations. The %RSD and Y-
intercept of thecdibration curvewascacul ated.

Accuracy

The accuracy of the assay method was eval uated
intriplicate at three concentration levels(i.e. 25, 50,
and 75 ng mL ) in thebulk drug sample.

Standard addition and recovery experimentswere

Hnalytical CHEMISTRY o

conducted to determine the accuracy of the related
substancemethodsfor quantificationof dl fiveimpurities
inthebulk drug samples.

Thestudy wascarried out intriplicateat 0.375 pg
mL*, 0.75 pg mL*and 1.125 ng mL* of the analyte
concentration (500 ug mL1). The percent recoveries
of Imp-1, Imp-2, Imp-3, Imp-4 and Imp-5 were
caculated.

Robustness

To determine the robustness of the developed
method, the chromatographic conditions were
deliberately altered and the system suitability criteria
wereverified. The sdectivity factorsinthe robustness
studies for each impurity were established and
compared with regular experiments.

Theflow rateof themobile phasewas0.8 mL minr
! To study the effect of flow rate on theresolution, the
samewasaltered by 0.2 units, i.e. from 0.6to 1.0 mL
min?. Theeffect of pH on theresolution of impurities
was studied by varying=+ 0.2 pH units (at 3.8 and 4.2
buffer pH).

Theeffect of column temperaturewasstudied from
+ 5 °C of 27 °C.

RESULTSAND DISCUSSION

Optimisation of chromatogr aphic conditions

Imp-3 and Imp-4 aretheregiomersto zafirlukast
andthusformtheprimary potentia impurities. Themain
target of the chromatographic method i sthe separation
of Imp-3, Imp-4 and any degradants generated from
theanayte peek. Duetothestructures milaritiesbetween
zafirlukast, Imp-3, and Imp-4, the separation became
difficultintheinitia stagesof development. Impurities
were co-€l uted using different stationary phases (i.e.
C18, C8and phenyl), different mobilephasescontaining
bufferslikephosphate, sulphateand acetatewith varying
pH (2.5-7), and using organic modifierslikeacetonitrile
and methanol in the mobile phase. Introduction of a
negativeion pair reagent into themobile phaseresulted
in very good selectivity between the non-polar
impurities, but thelate-elutingimpuritieswere observed
evenwith agradient e ution a 90% of theorganicratio.
Thechangeinion pair reegent from sodium lauryl sulfate
to 1-decane sulphonic acid sodium salt given a

Au Tudian Yournal
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reasonableruntimeby adjusting thelast peak capacity
factor (k) vaueto~45 min. ThepH of the buffer was
foundto becritica inachieving separation betweenthe
zafirlukast peak and itsmetaisomer (Imp-3). Atacidic
pH values (< 3.0), co-elution of the Imp-3 peak was
observed. Interestingly, good resol ution was obtained
between zafirlukast and Imp-3 at abuffer pH of 4.0.
Variousgradient trial sweretaken to obtain amaximum
resol ution between zafirlukast and itsImp-3 metai somer
at a60% organic ratio. Satisfactory chromatographic
Separation wasachieved using asolution (solventA) of
10 mM potassium dihydrogen orthophosphate with 4
mM 1-decane sulphonic acid sodium salt (pH 4.0
adjusted with dilute orthophaosphoric acid). Solvent B
was amixtureof acetonitrile, methanol, and water in

—— Fyll Peper

theratio 850:100:50 (v/viv). The LC gradient of solvent
B was kept as T/% B: 0/40, 5/40, 17/62, 33/62, 35/
60, 45/74, 55/74, 60/86, 65/93 and 75/40, with apost
run time of ten minutes. Under optimised conditions,
zafirlukast and thefiveimpuritieswerewell-separated
with aresolution of > 2. Thetypical relativeretention
times of Imp-1, 2, 3, 4 and 5 were about 0.56, 0.71,
1.03,1.05and 1.21, respectively. Various C18 columns
(i.e. Zodiac C18, Symmetry C18, Symmetry shield
C18 and Venusil C18) were checked under the
optimised conditions, and it wasfound that the Zodiac
C18achieved thebest resolution. Thesystem suitability
results are given in TABLE 1. The developed LC
method wasfound to be specific for zafirlukast and its
fiveimpurities

TABLE 1. Linearity datafor zafirlukast and related substances

Component Cahb(rf;/ﬁ?l)range Regression equation SES! SEIZ  CC¥r) %intercept (:gc/)nl?l) L%% F(;g%l)nl)
Imp-1 004-113  y=118076x-028 7176(:4767) 4(x3) 09999 03 00105 0.04(5.9)
Imp-2 006-1.13  y=114874x-123 3064(x4558) 07(1.7) 09998 14 0010 006 (52)

Zafirlukast ~ 0.06-113  y=112077x-0.36 11441(x10802) 25(2.7) 09994 04 0040  0.06(4.9)
Imp-3 006-1.13  y=113446x-048 8730(x5801) 6.6(:4.6) 09999 06 0021 006 (55)
Imp-4 007-113  y=100228x-126 4806(x3464) 2.1(x1.4) 09999 17 0009 0.06(6.7)
Imp-5 006-1.13  y=124196x-1.37 5268(x4013) 2.8(1.9) 09999 15 0011 006 (53)

The selection of the 220 nm wavelengthishighly
appropriatefor zafirlukast, not only for process-rd ated
impurities, but for degradants as well. The relative
responsefactorsof known impuritiesarequite closeto
avalue of 1.0. While selecting the wavelength, the
spectraand absorbance of degradantsat 220 nmwas
asotakeninto consideration.

Resultsof forced degradation studies

Considerable degradation was observed in the
zafirlukast bulk samplesunder stress conditionssuch
as photolytic stress, thermal stress, acid, base, and
water hydrolysis. To achievethislevel of degradation,
the samplesweretested in acid, base, 3% hydrogen
peroxide and water for 2 h at 60 °C. Under these
conditions, the degradation of the drug substancewas
observed during peroxide, acid and base hydrolysis
(Figure2 a-h). Zafirlukast was degraded into Imp-1
Imp-2 under acidic and basi ¢ conditions (treated with
0.5N HCl at 70 °C for 12 h and 1 N NaOH at 70
°C for 1.5 h), confirmed by co-injection with qualified
Imp-1 and Imp-2 standards. M oderate degradation

of the drug substance was observed under water
hydrolysis conditions (treated with water at 100 °C
for 48 h), leading to the formation of some unknown
degradation peaks. Peak purity test results obtained
from PDA confirmed that the zafirlukast peak is
homogeneous and purein all the analysed samples.
The mass balance of stress samples was close to
99.7%. Theassay of zafirlukast isunaffectedinthe
presence of Imp-1, 2, 3, 4 and 5, which confirms
the stability indicating power of the developed
method.
Resultsof experimental method validation
Precision

The%RSD of zafirlukast during theassay method
precision study waswell within 0.5%, and the %RSD
of Imp-1, 2, 3, 4 and 5 intherelated substance method
precision study waswithin 2%. The%RSD of theassay
resultsobtained during theintermediate precis on study
waswithin 1.0%, and the %RSD of %areaof Imp-1,
2, 3, 4 and 5 were within 2% confirming excellent
precision of themethod.
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Limit of detection (L OD) and limit of quantification were obtained over the calibration ranges tested,
(LOQ) 125to 750 ug mL, and the correl ation coefficient

TheLOD of ZafirlUkaS, |mp_1' 2.3, 4and5were obtained was greater than 0.999. Li nearity was
0.0105, 0.004, 0.011, 0.021,0.009and 0.011 ugmL-  checked for the assay method over the same
L respectively. TheLOQ of zafirlukast, Imp-1, 2, 3, 4 concentration range for three consecutivedays. The
and 5 were 0.06, 0.03, 0.05, 0.05, 0.06 and 0.05 g %RSD values of the slope and Y-intercept of the
mL* (of analyté concentrati on. & 500 ug mL, calibration curveswere3.1and 4.3, respectively.
respectively, for a10 pL injection volume. The method Theresultsshow that an excellent correl at!on existed
precision for Imp-1, 2, 3, 4 and 5 at the LOQ level between the peak area and concentration of the

wasbelow 10% RSD. adyte.
Linear calibration plotsfor the rel ated substance

method were obtained over the calibration ranges
Linear calibration plots for the assay method tested, LOQto 1.5 pg mL™, for Imp-1, 2, 3,4 and

Linearity
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5. The correlation coefficient obtained had greater
than 0.999 linearity over the same concentration
range for three consecutive days. The %RSD values
of theslope and Y-intercept of the calibration curves

—— Fyll Peper

were 4.6 and 5.5, respectively. Theresults show that
an excellent correlation existed between the peak
area and concentration of Imp-1, 2, 3, 4 and 5
(TABLE1).

TABLE 2: Accuracy datafor Zafirlukast related substances

50% of specification level

100% of specification level

150% of specification level

Componet Amount (% w/w) Amount (% w/w) Amount (% w/w)

Added Found %Recovery Added Found %Recovery Added Found %Recovery
Imp-1 0.075  0.074 99.1+ 0.8 0.151 0.15 99.3+ 0.8 0.151 0.15 99.3+ 0.8
Imp-2 0.075 0.074 99.1+ 0.9 0.151 0.15 99.3£ 0.9 0.151 0.15 99.3+£ 0.9
Imp-3 0075 0074  99.1+0.10 0.151 0.15 99.3£0.10 0.151 0.15 99.3£0.10
Imp-4 0.075 0.074  99.1+0.11 0.151 0.15 99.3+0.11 0.151 0.15 99.3+0.11
Imp-5 0.075 0.074  99.1+0.12 0.151 0.15 99.3+0.12 0.151 0.15 99.3+0.12

Accuracy REFERENCES

The percent recovery of zafirlukast inthebulk drug
samplesranged from 99.1% to 100.5%. The percent
recovery of Imp-1, 2, 3, 4 and 5 in the bulk drug
samplesranged from 91.8%t0 102.3% (TABLE 2).

Robustness

In all the deliberate varied chromatographic
conditions (flow rate, pH, and column temperature),
theresolution between zafirlukast and Imp-1, 2, 3, 4
and 5wasgreater than 2, illustrating the robustness of
themethod.

CONCLUSIONS

Inthismanuscript, thessmple, accurateand wel |-
defined stability indicating gradient for the LC
method for the determination of zafirlukast inthe
presence of regiomersand degradation productswas
described for the first time. The behaviour of
zafirlukast under various stress conditions was
studied and presented. The information presented
herein may bevery useful for quality monitoring of
bulk samplesand finished dosageforms, aswell as
employed to check the quality during the stability
studies.
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