Trade Science Ine.

04)20.4//:640.[ CH

[SSN : 0974-7419 Volume 10 Issue 8

EMISTRY
A Judian Joaraal

s Pt P aper

ACAIJ, 10(8) 2011 [506-514]

Sability-indicating bivariate spectr ophotometric method for deter mination
of candesartan cilexetil in presenceof itsalkalineinduced degradation

product application totabletsand content unifor mity testing

Nawal Al-Arfaj, Wedad Al-Onazi*, AminaAl-Brashy
Department of Chemistry, Collegeof Science, (Girls Section), King Saud Univer sity,
P.O.Box 22452, Riyadh11495, (SAUDI ARABIA)

E-mail: walonazi @yahoo.com

Received: 19" December, 2010 ; Accepted: 29" December, 2010

ABSTRACT

A simple, sensitive, selective and precise stability-indicating method for
the determination of candesartan cilexetil (CC) in presence of its akaline
degradate and in tablets was devel oped and validated. The method is based
on determination of CC by the bivariate calibration depending on simple
mathematic algorithm which provide simplicity and rapidity. The method
showed good linearity intherange of 1-12 pg mL* at 225 and 2-12ugmL* at
250 nmwith mean percentage recovery 100.29+0.64.CC can be determined
inthe presence of up to 80 % of itsalkaline degradate, the selectivity of the
method was checked using laboratory prepared mixtures. The proposed
method has been successfully applied to the analysis of CC in bulk and in
commercial tabletswithout interference from additives or excipientsand the
results were satisfactory compared with a reference method. Also, the sug-
gested method was successfully applied to the content uniformity testing.
© 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Candesartan cilexetil belongsto the classof angio-
tensin receptor antagoni stsand acts by binding selec-
tivity and non— competitively to angiotensin Il receptor
typel, thus preventing actionsof angiotensin|l.

Thedrug findsmost significant clinical useinthe
treatment of hypertension of al grades’™. Chemically,
candesartan cilexetil isan ester prodrug of itsactive
metabolite candesartan (C.V.11974), towhichit owes
itstherapeutic effect, by theaction of someendogenous
esterases?.

Thechemical stability of candesartan cilexetil has

been studied in plasmaand bioanalytical samples?.
Under these conditionsthe drug was found to be sus-
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Candesartan cilexetil (CC)

Molecular formula; Ca3H34NgOg
Molecular weight: 610.67
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ceptibleto hydrolysisresulting theremoval of cilexetil
moiety. Few methods for the determination of
candesartan cilexetil have been reported in literature.
HPLC methods were reported for determination of
candesartan cilexetil or candesartan with someangio-
tensin |1 receptor antagonistswith or without hydro-
chlorothiazide asadiuretic drug*®. Also, HPLC meth-
odswere reported for determination of candesartan
cilexetil intablets, asasingle component®”9, in com-
bination with candesartan and ametabolite (M 1) in
human plasmaand urine, and with hydrochlorothiazide
smultaneoudy in pharmaceuticd formulationg*13,

Capillary electrophoresis methods were reported
for smultaneousanalysisof severd angiotensin i re-
ceptor antagoni stsincluding candesartan cilexetil 417,
Other methods such asvoltametry!®2 and HPTLC -
densitometry?Y were reported for determination of
candesartan cilexetil.

Theonly spectrophotometric methodsreported for
determination of candesartan cilexetil werethefirst or-
der derivativefor itin tabletd? asasingle component
or smultaneoudy with hydrochlorothiazideé® or for -
multaneous determination of candesartan and hydro-
chlorothiazidein tabletg?.

Till present, no stability —indicating methods were
reported for determination of candesartan cilexetil in
presenceof itsakaline degraded product, candesartan.
The scientific novelty of the present work isthat the
suggested spectrophotometric bivariate method is
simple, rapid, selective, lessexpensiveand lesstime
consuming compared with other published chromato-
graphic methods. Thefocusof the present work study
wasto develop and validate asimple stability — indi-
cating method for determination of candesartan cil exetil
in presenceof itsakaline degradate (candesartan) for
the quality control of candesartan cilexetil initsdos-
ageforms.

EXPERIMENTALE

| nstruments

The spectrophotometric measurements were
made with Ultrospec 2000, UV/V1S Spectropho-
tometer, Amersham PharmaciaBiotech with Swift 11
Application, Biochrom Ltd, Cambridge U.K. The
solutionswererecorded in 1-Cm matched quartz cells
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against methanol asasolvent blank over therange
200-400 nm.

Materials
Puregandard

Candesartan cilexetil was kindly supplied from
JazeeraPharmaceutical Industries(JP1) Riyadh, Saudi
Arabia. It wasused asreceived without purification (its
purity was 99.98 %)

Phar maceutical dosageforms

» Atacand 16 tablets, manufactured by AstraZeneca
—Egyptunder license of AstraZeneca, Sweden. The
Batch No. was 90123.

» Candesar 8 tablets, produced by PHARAONIA
Pharmaceuticals, Pharo Pharma(Egypt), under li-
censeof TakedaPharmaceuticad Company Ltd. The
Batch No. was 1409002.

Degraded product

0.4 g of candesartan cilexetil powder wastrans-
ferred into 250-mL stoppered flask, dissolved in 25
mL methanol, completed to 100 mL with 2N NaOH
and refluxed with stirring at 80°C for 3hrs. Complete
hydrolysiswasfollowed viaTLC using chloroform/
methanol (80/20 v/v) asadeveloping system. Theso-
lution was neutralized with 4N HCI solutionttill pH 3,
then the degradate was extracted with chloroform (6X
20 mL). Theextract was evaporated at room tempera
tureand the degradate powder was collected and el u-
cidated by IR spectroscopy.

Chemicalsand reagents
All chemicals used throughout thiswork (metha

nol, chloroform, HCI and NaOH) wereof BDH, Poole,
UK, and the solventswere of spectroscopic grade.

Sandard solutions

e Stock standard sol utionsof candesartan cilexetil and
itsalkaline degradate containing 1mg mL*were
prepared separately in methanal .

e Working solutionswere prepared (100 pg mL™Y)
by suitably diluting the stock standard solutions.

L aboratory prepared mixtures

Solutions containing different ratiosof candesartan
cilexetil anditsakaline product were prepared to con-
tain 20-80 % of dkalinedegradate.
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PROCEDURE

Construction of calibration graphsfor thebivari-
ate spectrophotometric method

Into two separate setsof 10-mL volumetricflasks,
aliquotsequivaent to 10-120 pg mL* of CC and its
akdinedegradateweretransferred from their working
solutions (100 ug mL™t) inmethanol. Thevolumewas
completed with methanol. Theregression equations, at
225nm and 250nm, for CC and itsalkaline degradate
were computed.

Analysisof bulk substance

The method mentioned abovewas applied to the
determination of thepurity of CC raw materid, and the
percent recoverieswere calculated by applicationin
thebivariate equations.

Analysisof pharmaceutical dosageforms

Fourteen tablets of each Candesar 8 tablets and
Atacand 16 tabletswere powdere d and mixed well;
an accurately weighed amount of the powder equiva-
lent to 50 mg of candesartan cilexetil of each wastrans-
ferred into two separate 100 mL volumetric flasks. 75
mL of methanol were added, sonicated for 30 min.,

<:>—ooc0(H3C)Hcooc N7
N N=
/>—OE'[

Candesartan cilexetil (CC)

Sothedetermination of candesartan cilexetil in pres-
enceof itsa kaline degradation was essential.

TheInternational Conference on Harmonization
(ICH) guiddineentitled “‘stability testing of new drugs
substancesand products” requires the stress testing to
be carried out to d ucidatetheinherent stability charac-
teristics of the active substances®!. Anidea stability-
indicating method isonethat quantifiesthestandard drug
aloneand a so resolvesits degradation products. The
structure of the alkaline degradate was €l ucidated by
IR, wherelR spectrum of candesartan cilexetil showed
acharacteristic band at 1750 Cm?, indicating the pres-
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compl eted to volumewith methanol, to obtain 0.5mg/
mL stock solution, and filtered. The solution wasdi-
luted to the same concentrations of the appropriate
working solutionsand proceeded according to the pro-
cedure mentioned above. The nominal content of
candesartan cilexetil in each tabletswasca culated from
gpplicationinthebivariate equations.

Content uniformity testing

The same procedure gpplied for theandysisof CC
in tabletswasfollowed using onetablet asasample.
Ten tabletswere analyzed and the uniformity of their
contents was tested by applying the official of USP
guiddines

RESULTSAND DISCUSSION

Candesartan is marketed as the cyclohexyl 1 —
hydroxyethyl carbonate (cilexetil) ester, known as
candesartan cilexetil. Candesartan cilexetil ismetabo-
lized completely by esterasesin theintestina wall dur-
ing absorption to the active candesartan moiety (The
use of aprodrug form increasesthe bioavail ability of
candesartan. Upon refluxing candesartan cilexetil with
akali, thecarboxylic acid (candesartan) was obtai ned.

J

Candesartan (CV-11974)

enceof carbonyl group whilethe IR spectrum of the
degradate showed the same band but shifted to 1705
Cmand anew broad band at 3388Cmtindicatingthe
presence of ahydroxyl group of the carboxylic acid
(duetohydrolysis, Figure 1). Only one spot of thede-
graded product seen on TLC under UV lamp (254 nm)
with R, =0.24 (R, for candesartan cilexetil was 0.78)
Thefocus of the present work wasto develop an
accurate, specific, reproducibleand sengitive stability —
indicating method for the determination of candesartan
cilexetil in presence of degradation product. Thezero
order absorption spectraof candesartan cilexetil and
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itsalkainedegradate showed smilarity and sever over-
lapping (Figure2) whichinterferewiththedirect deter-
mination of candesartan cilexetil.

In the present work, CC was determined and re-
solved fromitsakadinedegradate by usngthebivariate
cdibration spectrophotometric method 2, Themethod
isbased onasmplemathematic agorithm, inwhichthe
dataused derivesfrom four linear regression cdibration
equations: Two cdibrationsfor each component at two
wave engthsselected using themethod of Kaiser'®, The
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method hasbeen successfully applied toresolvediffer-
ent binary mixtures, suchasNifuroxazideand Drotaverine
HCI®29, The advantages of bivariatecdibration method
isitssmplicity and thefact that derivatization procedures
arenot necessary; unlike other chemometrictechniques,
thereisnoneedfor full spectruminformationand nodata
processingisrequired.

Thelinear calibration regression function for the
spectrophotometric determination of ananayteA, a a
selected wavelength (1) isgiven by:
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Figurel: IR spectraof candesartan cilexetil (A) and itsdegradation product candesartan (B) in methanol.
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Figure?2: Absor ption spectra of candesartan cilexetil (a),
Candesartan (b) 10 ngml each in methanol and their mix-
ture(c).
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AAi = mAi' CA + eAi

wherem,. istheslopeof linear regression, C, isthe
concentration of andyteA and e, istheintercept value,
If the measurementsfor the binary mixture (A, B) are
performed & two selected wavelengths (A, A,) wehave
atwo equations set:

AABl = mAl CA + mBl CB + eABl

AABZ = mA2 CA + mBz C:B + eABz

Theresolution of such equationsset allowstheevaua-
tionof C , and C, values:-

= mBZ(AABl _eABl)+mBl(eABl _AABZ)

Ca
Mg, My =My My,

- AABl_eABl_mAl CA
My

wheree, ;, ande, ., arethesum of theinterceptsof the
linear calibration regression equations at the selected
twowavelengths(e,;, = €,, *+ €,,), m, and m_ arethe
dopesof thelinear regression equationsat thetwo se-
lected wavelengthsand C isthe concentration of CC
anditsakalinedegradate.

Theses mplemathematicagorithmsalow thereso-
|ution of thetwo compounds by measuring the absor-
bance of CC and itsdegradate at thetwo wavelengths
and using the parameters of thelinear regression func-
tionseva uated individudly for each component at the
samewave engths. The method of Kaiser® was used
for the selection of optimum wavelength set which as-
sured the best sensitivity for the quantitative determina
tion of the cited drug. In order to apply this method,
select the signal s of the two components|ocate (225,

Ce

230, 235, 240, 245, 250, 255, 260, 265nm) wave-
lengths. Thecalibration curve equationsand their re-
spectivelinear regression coefficients are obtained di-
rectly with theaim of ensuring thelinearity between the
signal and the concentrations. The s opevaluesof the
linear regression were estimated for thedrug and its
akalinedegradateat the sd ected wave engthsand used
for the determination of the senditivity matricesK, pro-
posed by Kaiser’s method?®. A series of sensitivity
matrices K, were cal culated for each binary mixture
and for every pair of the pre- selected wavelengths:

mBl mAl H H
K= (Ais CC, Bisthedegradate)
mBZ mAZ

where: m,, ,andm,, ,arethesengtivity parameters
(slope) of theregression equations of A and B at the
two selected wavelengths (225, 250 nm). The deter-
minantsof these matriceswerecalculated and shownin
TABLE 1. Thewavelength set was sel ected for which

the highest matrix determinant valuewas obtained.

TABLE 1: Application of themethod of kaiser for theselec-
tion of thewavelength set for thedeter mination of candesartan
cilexetil.

A/A2 225 230 235 240 245 250 255 260 265

225 0 1324 33.19 38.19 37.96 40.60 38.18 30.30 14.0
230 0 1858 23.80 23.70 25.37 23.30 17.50 55
235 0 608 610 6.62 490 133 58
240 0 013 177 132 403 9.28
245 0 043 144 41 927
250 0 156 442 99
255 0 297 879
260 0 589
265 0

The absolute values of determinations of sensitivity (K x10-5) ,
The bold value represent the highest matrix determinant value
obtained at the wavelength set 225and 250

For bivariate determination of CC in presence of
itsdegradate, 225nm and 250nm were used; at these
sdlected wave engthsthe one- component calibration
curveswere obtained intherange of 2- 12 pgmL* for
CC anditsakainedegradate, usingthefollowinglin-
ear regression cdibrationformula
For CC A =0.0037 +0.0623 C (r =0.9997) at 225 nm

A =0.0005 + 0.030 C (r = 0.9992) at 250 nm

For Deg A =0.0043 + 0.0763 C (r =0.9999) at 225 nm

A =0.0067 +0.0414 C (r =0.9996) at 250 nm

Hnalytical CHEMISTRY o
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where: Aistheabsorbanceat the sel ected wavelength,
Cistheconcentrationin pg mL* and (r) istheregres-
soncoefficient.

Different solventsweretried to resolvether over-
lapping as methanol, ethanol, butanol, acetonitrile,
0.05N NaOH and 0.05NHCI, the best regression cali-
bration lineswereobtained in methanol solvent.

Validation of themethod
Concentration rangesand calibration graphs

Under theabovedescribed experimentd conditions,
linear relationship were established by plotting the con-
centration of CC and the alkaline degradate against
absorbanceat 225 nm and 250 nmintherangeof 1-12
pg mL* for 225nmand 2-12 pg mL* at 250nm. The
highvauesof corrdation coefficient (r) and smal inter-
ceptsindicate good linearity of thecalibration graphs.
Statistical andysisof the CC datagavesmall values of
thestandard deviation of theresiduds(S, ), of slop
(S,), of intercept (S ) and the% RSD and % relative
error (% Er), asshownin TABLE 2.

TABLE 2: Performancedata of theproposed bivariatemethod
for thedeter mination of candesartan cilexetil.

Values
Parameter

At 225nm  At250nm
Range 1-12ugl?  2-12pgmL?
Slope 0.0623 0.03
Intercept 0.0037 0.0005
Correlation Coefficient 0.9997 0.9992
LOD 0.28 0.42
LOQ 0.86 127
Syix (Standard deviation of residuals)  2.764x10*  1.397x10*
S, (Standard deviation of intercept) 0.0038 0.00535

S, (Standard deviation of slope) 7.4039x10* 5.26356x10™

Limit of quantitation (LOQ) and limit of detection
(LOD)

Thelimit of quantitation was determined by estab-
lishing thelowest concentration that can be measured
according to ICH Q 2 B recommendation*¥ below
whichthecalibration graphisnonelinear and thelimit
of detection was determined by establishingthe mini-
mum level at whichthe andyte can berdiably detected
(S/N =3). Thevauesaredemonstrated in TABLE 2.

Accuracy and precision
The proposed method was eval uated by studying

—— Fyll Peper

theaccuracy aspercent relative error (% Er) and pre-
cision aspercent rel ative standard deviation (% RSD)
using three preparati onswith suitable concentration, as
shownin TABLE 3, theintraday (n=3) and interday
(n=3) accuracy cdculated as % Error wasfound to be
0.36-0.47 % and 0.22-0.33 % for CC respectively.
Therepeatability of the assay wasfoundto bewithin
0.63-0.82% (n=3) at 4, 8, 12 pg mL* Thereproduc-
ibility of the assay at the same concentration levelswas
found to be 0.38-0.65 % (n=3).

TABLE 3: Accuracy and precision data for candesartan
cilexetil usingtheproposed bivariatemethod.

CC concentration (ugmL™)

Parameter
4 8 12
Intraday
%Recovery 99.52 100.28 101.08
100.60 98.98 99.55
99.49 99.76 100.80
MeantS.D 99.87+0.63  99.67+0.65 100.48+0.82
%RSD 0.63 0.65 0.81
%ETr 0.36 0.38 0.47
Interday
% Recovery 101.14 98.74 99.61
100.06 99.77 100.10
100.28 99.93 100.35
MeantS.D 100.49+£0.57 99.48+0.65 100.02+0.38
%RSD 0.57 0.65 0.38
%Er 0.33 0.38 0.22

N.B. Eachresultistheaver ageof thr eesepar atedeter minations
Intraday: withintheday
Interday: consecutivedays

Applications
Deter mination of CC bulk material

Theresultsof the proposed method for determina
tion of the purity of CC werefavorably compared with
those obtained using thereference method??. Thelat-
ter method depends on measuring thefirst derivative
(DY) of CC, asasinglecomponent, at 270.1 nm. Sta-
tistical anaysisof theresults obtained by the proposed
and reference methods showed no significant differences
intheperformanceof the2 methodsusing the Student’s
t- test and Variance ratio, F-test (TABLE 4)U. The
proposed procedure offersadditiona advantagesover
thereference procedurein that the proposed ismore
sensitive with good accuracy and precision and con-
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Sidered asastability — indicating method for determi-
nation of candesartan cilexetil in presenceof itsakaline
degradation product.

TABLE 4: Satistical analysisof theresultsobtained by the

proposed and r efer encemethods.
Proposed method Refer ence method!??
Parameter ~ Taken Found Found Taken Found
pgmL' pgmL? % pgmL* %
2 2.017 100.85 8 100.38
4 4.050 101.25 16 99.17
6 5982 99.70 24 100.01
8 7.983 99.79 28 101.70
10 9.983 99.83 32 101.34
12 12.038 100.32 38 101.32
n 6 6
MeantS.D 100.29+0.64 100.65+0.97
Variance 0.41 0.94
Student's-t-value 0.75(2.228)
Varianceratio F- value 2.29(5.05)*

Tabulated values at P = 0.05[34*

Analysisof laboratory prepared mixtures

Theabsorption spectraof different prepared mix-
tureswere measured at 225nm and 250 nm, the con-
centration of CC was cal culated using the parameters
of thelinear regressionsfunction evaluated for CC and
itsdegradate at the samewave engthsand substituting
inthe previousequationsfor C , and C ;. Theresults
obtained in TABLE 5 showed that themethod isvalid
for the determination of CC in presence of upto 80 %
of itsakainedegradate.

TABLE 5 : Determination of candesartan cilexetil in

laporatory prepared mixturesby theproposed bivariate spec-
trophotometric method.

Alkaline product Candesartan Cilexeti

Addeg % Takep1 Foun_oll Found
(ngml™) (ngml”) (pgml™) %
2 20 8 7.994 99.93
4 40 6 5.938 98.97
6 50 6 6.050 100.83
6 60 4 3.986 99.65
8 80 2 2.016 100.80
Mean+S.D 100.04+0.79
N.B. Each result is the average of three separate deter minations.
Tablet analysis

The proposed bivariate method was applied to the

determination of CCinitscommercial tablets, there-
sultswereshownin TABLE 6. Thevdidity of themethod
was assessed by applying the standard addition tech-
nigue (TABLE 7), theresultsof analysis of the com-
mercid tabletsand therecovery study (standard addi-
tion method) suggested that thereareno interference
from any excipientswhich arenormally present in tab-

TABLE 6: Assay of candesartan cilexetil in for mulation us-
ing theproposed and r eference methods.

Proposed method Reference method!??

Parameters ~Taken Found Found Taken Found
pgmL? pgmL? %  pgmL™ %
Atacand 16 6 5991 99.85 10 99.35
Tablets.
8 8.034 10043 16 99.47
10 9.967 99.67 24 100.43
30 100.70 12 12.032 100.27
Meant S.D 100.06+0.35 99.99+0.68
Student's-t- value 0.13
Variance ratio F- value 3.77
Candesar 8
Tablets. 6.046 100.77 10 99.88
7.938 99.23 16 100.70
10 10.033 100.33 20 100.35
12 11.926 99.38 30 100.57
Mean+S.D 99.93+0.74 100.13+0.63
Student's-t- value 0.41
Varianceratio F- value 1.38

N.B. Each result is the average of three separate deter minations.
Tabulated t- test and F test are 2.45 and 9.28 at P =0.05 respec-
tivelyy,

TABLE 7: Assay of candesartan cilexetil in for mulation by
application of standar d addition method usingthe proposed
bivariatemethod.

Preparation Amt.tak_ien CC. adqled Amt. foglnd Found
pgmL pgmL pugmL %

Atacand 16 2 4 5.968 99.47
Tablets. 4 6 9.971 99.71

6 2 7.905 98.81

6 6 12.016 100.13
Mean+S.D 99.53+0.55
Candesar 8 2 4 5.953 99.22
Tablets. 4 6 9.843 98.43

6 2 7.936 99.20

6 6 12.018 100.15
Mean+S.D 99.25+0.70

N.B. Each result is the average of three separate deter minations.
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let formulations. Theresultsfor thedetermination of CC
intabletsobta ned by the proposed method were com-
pared with the D*method??. Statistical analysisof the
resultswas performed with regard to accuracy and pre-
cisionusing Student ‘t-test and F- ratio; as presented in
TABLE 6, thereisno sgnificant difference between the
proposed and the reference methods with regard to
accuracy and precision’®l,

Content unifor mity testing

Dueto the high precision of the proposed method
anditsability to rapidly estimatethe concentration of
CCinasingletablet extract with sufficient accuracy,
themethodisidedlly suited for content uniformity test-
ingwhichisatime consuming processwhen using con-
ventiona assay techniques. The steps of thetest were
adopted according to the USP*3 procedure. The ac-
ceptance value (AV) was calculated for each of the
commercialy availabletabletsand it wasfound to be
smadller than the maximum allowed acceptance v ue
(LI). Theresultsdemonstrated excellent drug unifor-
mity, asshownin TABLE8.

TABLE 8: Resultsof content unifor mity testing of CC tab-
letsusing the proposed bivariate method.

Per centage of the label claim

Parameter
Atacand 16  Candesar 8
Data 99.51 100.55
101.14 99.49
100.22 98.98
99.55 100.60
100.94 100.54
99.52 100.35
98.74 99.76
99.77 100.12
99.93 101.08
100.54 99.61
MeantS.D 99.99+0.73  100.11+0.64
%RSD 0.73 0.64
%Error 0.23 0.20
Acceptance value (AV)F* 1.75 1.54
Max.allowed Av(L1)*Z 15
CONCLUSION

Theproposed bivariatemethod providessmple, ac-
curate and reproduci blequantitativeand ysisfor thede-

—— Fyll Peper

termination of candesartandilexetil in pharmaceutica tab-
letsandin presenceof itsalkaline- induced degradation
product, it isconsidered asastability — indicating one.
Thus, it can beused for thequdity control of CCinthe
commercid tabletswith excdlent gpplication of content
uniformity test. Moreover, themethod isfast and feasible
and hasthe advantages of beinglower costing.
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