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ABSTRACT

A simple, inexpensive and rapid reversed-phase high-performance liquid
chromatographic method has been devel oped for the separation and simul-
taneous determination of related substances of Irbesartan, an anti-hyper-
tensive drug, in bulk drugs. Degradation studies were performed on the
bulk drug by heating to 105°C, exposure to UV light at an energy of 200
Watt hours/m? and to Visible light at an illumination of not less than 1.2
million [ux hours, acid (0.5 N Hydrochloric acid), base (0.05 N sodium hy-
droxide), aqueous hydrolysis and oxidation with 6.0% v/v hydrogen perox-
ide. Considerable degradation was observed under acid, base and oxida-
tion conditions. Good resolution between the peaks corresponding to im-
purities produced during synthesis, degradation products and the analyte
was achieved ona Symmetry shield RP 18 L C column using amabile phase
consisting of a mixture of aqueous potassium dihydrogen phosphate and
acetonitrile. Validation of the method was carried out as per ICH require-
ments. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Irbesartan, 2-butyl-3-({4-[2-(2H-1,2,3,4-tetra-
zol-5-yl) phenyl] phenyl} methyl)-1,3-diazaspiro [4.4]
non-1-en-4-one (Figure 1), isan angiotensin |1 recep-
tor (AT, subtype) antagonist mainly for thetreatment of
hypertension. As shown in seven placebo controlled
clinical trias, Irbesartan providesclinicaly significant
doserelated reductionsin blood pressurein patients
with mild-to-moderate hypertension. Oncedaily dos-
ing providesfull 24 h blood pressurecontrol with blood
pressure reductionsequivalent to those of twicedaily

dosing, and long-term control with monotherapy ina
high percentage of patients. Theantihypertensiveeffect
of Irbesartan iscomparableto or exceedsthat of lead-
ing antihypertensiveagents¥. Theempirica formulafor
Irbesartanis C,.H_,N.O, and themolecular weight is
428.53.

The International Conference on Harmonization
(ICH) guiddlines? require stresstesting of drug sub-
stances, which can help identify thelikely degradation
products, can be useful in establishing degradation path-
waysandin vaidating the stability-indi cating power of
theanalytical proceduresused. Moreover, avalidated
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2-Butyl-3-[2'-(1H-tetr azol-5-yl)-biphenyl-4-yImethyl]-1,3-
diaza-spiro[4.4]non-1-en-4-one

Figurel: Sructureand chemical nameof Irbesartan

andytica method must be applied in stability studies®.

Severa methodshavebeen describedinthelitera:
turefor thedetermination of Irbesartaninbiologica flu-
ids. Thetechniquesused include High-performancelig-
uid chromatography (HPLC) with fluorescence detec-
tor4s, UV, Diode-array®. LC-MSmethod was de-
scribed for determining theleve sof 4-methyl-2-cyano
bi phenyl and 4-bromomethyl-2-cyano biphenyl, which
arekey sarting materiasof Irbesartan®. HPLC method
was mentioned in United states pharmacopeia*® and
European pharmacopoe dY for the estimation of one
impurity. Whilestudying the synthetic processwe ob-
served A, B, C, D, E, F, G and H as process-related
impuritiesinthe crude samples. Thus, thereisagreat
need for development of analytical methodsfor sepa-
ration and determination of rel ated substancesfor the
evauation of qudity of Irbesartan. It wassmplemethod
for the quantitative determination of processrelated
impuritiesand degradents. Thecurrent work deglswith
the accel erated degradation of the drug substance un-
der stressconditionslikehydrolysis, oxidation, heating
and UV light. Thework asoincludesthevalidation of
the stability-indi cating method devel oped. Thismethod
can be used for quality control during manufactureand
for assessment of the stability of bulk samples of
Irbesartan.

EXPERIMENTAL

Chemicalsand reagents

Samplesof Irbesartan and itsimpuritiesnamely
Imp-A, Imp-B, Imp-C, Imp-D, Imp-E, Imp-F, Imp-G
and Imp-H (Figure 2) werereceived from the Process
Research Department of Integrated Product Devel op-
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ment Operations of Dr. Reddy’s Laboratories,
Hyderabad, India. LC grade acetonitrile, Potassium
dihydrogen orthophosphate, and Ortho-phosphoric
acid were purchased from Merck, Schuchardt, Ger-
many. High purity water was prepared by using a
Millipore Milli Q pluspurification system (Bedford,
MA, USA).

Instrumentation

The L C systemwasaWatersmodd 2996 equipped
with aPDA (Waters Corporation, Milford, USA) for
specificity. Theoutput signal was monitored and pro-
cessed using Empower software (Waters Corporation,
Milford, USA) onaPentium computer (Digital Equip-
ment Co). VValidation Performed on aAgilent 1100 se-
ries HPL C with quaternary pump. The output signal
was monitored and processed with Chemstation soft-
ware.

Chromatogr aphic conditions

Chromatographic separation wasachieved on aSum
Symmetry shield RP18 column, (250 mmx4.6 mm),
using amobilephasewith abuffer containingamixture
of 0.01 M aqueous Potassium dihydrogen orthophos-
phate. Themobile phaseA wasamixture of buffer and
acetonitrile (90:10, v/v) (Buffer pH adjusted to 2.6 us-
ing dilute ortho-phosphoric acid) and mobilephase B
was amixture of water and acetonitrile (20:80, v/v).
Themobile phase wasfiltered and degassed through a
0.45um nylon membranefilter. Themobilephaseflow
ratewas1.0mL min. TheLC gradient wastime (min)/
%B: 0/30, 5/30, 43/80, 53/80, 55/30, and 60/30. The
columnwas maintained at 30°C and the effluent was
monitored at 220nm. Theinjection volumewas 10uL.
Acetonitrile and mobile phase-A (1:1) was used as
diluent during the preparation of the standard and test
samples.

Prepar ation of standard solutions

A solution of Irbesartan (1000ug mL*) was pre-
pared by dissolving an gppropriateamount inthediluent.
A stock solution of impuritiesat 100pug mL* wasa so
preparedin diluent.

Specificity
Specificity istheability of the method to measure
theanalyteresponsein the presenceof its potentia im-
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Imp-A : 2-propyl-3-[2'-(1H-tetr azol-5-yl)-biphenyl-4-yImethyl]-
1,3-diaza-spir o[4.4]non-1-en-4-one

NZ

Imp-C : 1-pentanoylamino-cyclopentanecar boxylic acid [2'-(1H-
tetrazol-5-yl)-biphenyl4-ylmethyl]-amide

%ﬂ

Imp-E : 4'-(2-butyl-4-ox0-1,3-diaza-spiro[4.4]non-1-en-3-
ylmethyl)-biphenyl-2-carbonitrile

HOOC

~0-O

N (0]

Imp-B : 4'-(2-butyl-4-oxo-1,3-diaza-spiro[4.4]non-1-en-3-
ylmethyl)-biphenyl-2-car boxylic acid
_N
N “NH
N\

W

Imp-D : 5-(4'-methyl-biphenyl-2-yl)-1H-tetrazole

1500

Imp-F : 1-pentanoylamino-cyclopentanecar boxylic acid (2'-cy-
ano-biphenyl-4-yImethyl)- amide

oSy

Imp-G : 4'-methyl-biphenyl- Imp-H : 4'-bromo-biphenyl-
2-carbonitrile 2-carbonitrile

Figure2: Sructuresand chemical namesof impurities

purities. Regulatory guidancein ICH Q2A, Q2B, Q3B
and FDA 21CFR Sect. 211 requiresthe devel opment
and validation of astability-indicating assay method. In
order to determinewhether the determination of impu-
rities and the assay method were adequate, Irbesartan
API samplewas submitted to forced degradati on stud-
ies. The specificity of the devel oped LC method for
Irbesartan was carried out in the presence of itsimpu-
rities.

The current regulatory guidelinesdo not indicate
detail ed degradation conditionsin stresstesting. How-
ever, the conditionsused werefound to effect adegra
dation of preferably not lessthan 5% but not complete
degradation. Degradation conditions employed were
UV light (200 Watt hoursm?), Visgblelight(1.2 million
lux hours) , hegtingto 105°C, acid hydrolysiswithO.5 N
HCI, base hydrolysiswith 0.05 N NaOH, water hy-

Hnalytical CHEMISTRY o

drolysis and oxidative degradation using 6% H.,O, .
Peak purity testing was carried out on the stressed
samplesof Irbesartan by using the PDA detector.

Method validation
Precision

Theprecision of thedetermination of theimpurities
was checked by injecting Six individua preparations of
(1000ug mL1) Irbesartan spiked with 0.15% of Imp-
A, Imp-B, Imp-C, Imp-D Imp-E, Imp-F, Imp-G and
Imp-H and calculating the % RSD for theareaof each
impurity.
Limit of detection and limit of quantification

The LOD and LOQ for Imp-A, Imp-B, Imp-C,
Imp-D, Imp-E, Imp-F, Imp-G and Imp-H were esti-
mated at aS/N of 3:1 and 10:1 respectively, by inject-
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TABLE 1:LOD, LOQ, regression, precison and accuracy data

Par ameter Imp-A Imp-B Imp-C Imp-D Imp-E Imp-F  Imp-G  Imp-H
LOQ (ugmL™) 0.006 0.005 0.01 0.01 0.01 0.008 0.005 0.013
LOD (ugmL™) 0.0020 0.002 0.003 0.0024 0.002 0.003 0.0016 0.0026
Regression equation (y)
Slope (b) 0.7293 05288 05412  0.8367 0.6577 02922 12639 0.8978
Intercept (a) -0.3089 -0.0406 -.3263 -0.9928 -0.9008 0.4824 0.2518 0.0074
Correlation coefficient 0.9999 0.9999 09999  0.9999 0.9969 0.9997 0.9998  0.9999
Y -intercept a 100% level -042%  -0.08% -0.61% -1.21% -1.39% 1.61% 0.20%  0.01%
R square value 0.9958 0.9988 0.999 0.9992 0.9997 09997 0.9984  0.9974
Precision(n = 6)
(% RSD)# 5.44 4.99 5.22 2.93 7.90 4.58 4.43 3.96
Accuracy (n = 3)
(% Recovery at LOQ) 105.3 105.1 107.8 98.3 105.3 91.6 102.2 99.1
(Recovery at 50%) 108.0 98.0 100.5 100.3 105.8 100.3 99.5 95.0
(Recovery at 100%) 99.2 99.7 98.9 100.2 100.6 100.5 100.5 98.7
(Recovery at 150%) 96.2 99.7 100.1 100.6 99.2 100.3 101.5 98.4

Linearity rangeis LOQ- 150 % with respect to 1.0mg/mL of Irbesartan for impurities, # six determinations using L OQ solution

for impurities

ing aseriesof dilute solutionswith known concentra-
tions. Precison study wasd so carried a the LOQ leve
by injectingsix individua preparationsof Imp-A, Imp-
B, Imp-C, Imp-D, Imp-E, Imp-F, Imp-G and Imp-H,
and calculated the %RSD for the areas.
Linearity

Linearity test solutionsfor theimpuritieswerepre-
pared by diluting theimpurity stock solutiontothere-
quired concentrations. Thesolutionswere prepared at
seven concentration levelsfrom LOQ to 150% with
respect to theimpurities specification level of 0.15%
(i.e. LOQ, 0.025, 0.050, 0.075, 0.10, 0.125 and
0.150%). The cdibration curveswere drawn by plot-
ting thepeak areasof Imp-A, Imp-B, Imp-C, Imp-D,
Imp-E, Imp-F, Imp-G and Imp-H against the corre-
sponding concentration.

Accuracy

Accuracy of thedetermination of theimpuritieswas
carriedout intriplicateat 0.05, 0.075, 0.10 and 0.15%
of the Irbesartan concentration (1000ug mL*).The
percentagesrecoveriesfor theimpuritieswere calcu-
lated.

Robustness

To determinerobustness, experimenta conditions
were purposely atered and the resol ution between the

impuritiesand Irbesartan peak was evaluated.

To study the effect of flow rate on theresolution
between impuritiesand Irbesartan peak, it was changed
by 0.2 unitsfrom 0.8 to 1.2mL min. Theeffect of col-
umn temperature on theresol ution between theimpuri-
tiesand Irbesartan peak was studied at 25 and 35°C.
Inall theabove conditions, the componentsof themo-
bile phasewere held constant.

Solution stability and mobile phase stability

The solution stability of Irbesartan anditsimpuri-
tiesin therelated substances method was carried out
by leaving spiked sample solutioninatightly capped
volumetric flask a room temperaturefor 48 h. Content
of Imp-A, Imp-B, Imp-C, Imp-D, Imp-E, Imp-F, Imp-
G and Imp-H were determined at 24 h intervals. Mo-
bile phase stability was also carried out for 48 h by
injecting freshly prepared samplesolutionsat 24 h in-
tervds. Content of Imp-A, Imp-B, Imp-C, Imp-D, Imp-
E, Imp-F, Imp-G and Imp-H were checked intest so-
|utions. M obile phase composition was kept constant
during the study period.

RESULTSAND DISCUSSION

Optimization of chromatographic conditions
Attemptsweremade by using different C ;and C,
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stationary phases'. Thechromatographic conditions
were optimized with respect to specificity, resolution
andtime of analysis. Effectsof pH (2-7) and acetoni-
trile content wereinvestigated using phosphateand ac-
etate buffers. It was found that the retention time of
Irbesartan shiftssignificantly at basic pH. Theoptimum
conditionsaregivenin ‘Experimental’. Irbesartan, Imp-
A, Imp-B, Imp-C, Imp-D, Imp-E, Imp-F, Imp-G and
Imp-H werewel| separated with aresolution of greater
than 1.5.

Resultsof forced degradation studies

Degradation was not observed in Irbesartan bulk
sampleduring stress conditionslike photolytic and ther-
mal degradation at 105°C. Slight degradation wasob-
served in agueoushydrolysis. Mgjor degradation was
observed inbasic, acidic and oxidation conditions. Imp-
C wasthemajor degradent in basi ¢ degradation.

Peak purity test results confirmed that the Irbesartan
peak was homogeneous and purein all theanalyzed
stresssamples.

Resultsof method validation studies
Precision
TheRSD of areaof Imp-A, Imp-B, Imp-C, Imp-

D, Imp-E, Imp-F, Imp-G and Imp-H were within
2.5%, confirming thegood precision of themethod.

Limit of detection and limit of quantification

Thelimitsof detection (LOD) of Imp-A, Imp-B,
Imp-C, Imp-D, Imp-E, Imp-F, Imp-G and Imp-H were
foundto beintherangeof 0.0016to 0.003% (of analyte
concentration 1000ug mL?) in each casefor a10ulL
samplesize. Thelimitsof quantification (LOQ) of Imp-
A, Imp-B, Imp-C, Imp-D, Imp-E, Imp-F, Imp-G and
Imp-H were found to be in the range of 0.012 to
0.005%. The precision for Imp-A, Imp-B, Imp-C,
Imp-D, Imp-E, Imp-F, Imp-G and Imp-H a LOQ level
was below 8.0% RSD.

Linearity

Linear calibration plotsfor theimpuritieswere ob-
tained over the calibration rangestested, i.e. LOQ to
015%for Imp-A, Imp-B, Imp-C, Imp-D, Imp-E, Imp-
F, Imp-G and Imp-H. The correlation coefficients ob-
tained weregreater than 0.999. Theresults show that

Hnalytical CHEMISTRY o

an excdlent correl aion between the pesk areaand con-
centration of Imp-A, Imp-B, Imp-C, Imp-D, Imp-E,
Imp-F, Imp-G and Imp-H.

Accuracy

The percentagerecovery of Imp-A, Imp-B, Imp-
C, Imp-D, Imp-E, Imp-F, Imp-G and Imp-H in bulk
drug samplesranged from 96.2 to 108.

Robustness

Indl thedeliberately varied chromatographic con-
ditions(flow rate and columntemperature), theresolu-
tion between theimpuritiesand Irbesartan peak was
morethan 2.0. which reveal sthe adequate robustness
of method.

Solution sand mobile phase stability

No significant changewas observed in the content
of Imp-A, Imp-B, Imp-C, Imp-D, Imp-E, Imp-F, Imp-
G and Imp-H during sol ution stability and mobile phase
stability experiments. Thesolution stability and mobile
phase stability experiments data confirm that sample
solutions and mobile phase used during assayswere
stableupto48 h.

CONCLUSIONS

ThesimpleRP-LC method devel oped for thequan-
titative determination of Irbesartan and itspossbledeg-
radation products and impuritiesis precise, accurate
and specific for the analysis of bulk material. The
method wasfully validated, showing satisfactory results
for dl the parameterstested. The developed methodis
dability indicating and canbeused for theroutineandlys's
of production samples.
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