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ABSTRACT

A simple, selective, precise and stability indicating reversed phase HPLC
method was devel oped and validated for the simultaneous determination
of captopril (CAP) and indapamide (IN) in presence of their degradation
products, using hydrochlorothiazide (HZ) asinternal standard, in powder
and tablets.

The separation was achieved on anAgilent Zorbax C ; column, withisocratic
flow. The mobile phase consisted of methanol:water:triethylamine
(42.5:57.5:0.028, v/v/v), adjusted with o-phosphoric acid to pH 2.5. The
flow ratewas maintained at 2 ml min. The UV detection was carried out at
220 nm for CAP, CAP oxidation product and IN degradation product (1)
and 242 nm for IN and 272 nm for HZ. Linearity was demonstrated with
good correlation coefficients (0.9998), over the concentration range of
27.5-550 pg.mltand 2.5- 50 pg.ml?,in case of CAPand IN, respectively.
The method was successfully validated in accordance to |CH guidelines.
Individual drugs (CAP and IN) were exposed to hydrolytic and oxidative
stress conditions. The method gave high resolution among the degrada-
tion products and the analytes.

The proposed method is accurate, stability indicating and successfully
applied for the determination of CAP and IN in synthetic mixtures and
tablets. © 2012 Trade Sciencelnc. - INDIA
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INTRODUCTION

Captopril ((S)-1-(3-mercapto-2-methyl-1-
oxopropyl) L —proline), (CAP), figure 1A, is an orally
active ACE inhibitor™™Z, its combination with thedi-
uretic indapamide (1-(4-chloro-3-
sulfamoyl benzamido)-2-methylindoline), (IN), figure
1B, isof synergistic valuein counteracting hyperten-
sonB4,

Literature studiesshow various anaytical methods
reported for the estimation of CAPinbiological fluids

and for pharmaceutical formulations, such astitrimet-
rict®, electrochemical'®, UV spectrophotometricl?,
colorimetric®, fluorimetrici®, atomic absorption spec-
troscopi ™, chromatographic methods™. In addition,
volumetric and HPLC methods were described by
U.S.P, B.P. and Eur. P'214, Several methods such as
titrimetricd™!, electrochemica™®, UV spectrophotomet-
ric™”, colorimetric*8, chemiluminescence™, chromato-
graphic methods® were reported for the determina-
tion of IN in plasma, and pharmaceutica dosageform.
Furthermore, HPLC methodswerereported in U.S.P,
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B.P. and Eur.P[*24,

TheInternational conference on harmonization of
technical requirementsfor registration of pharmaceuti-
calsfor human use (ICH) guiddine statesthat the deg-
radation productsformed under avariety of conditions
should beidentified and degradation pathways estab-
lished-2l, Moreover, according to current good manu-
facturing practices, al drugsmust betested with asta-
bility indicating assay method before releaséd®. From
theabove considerations, it isclear that theinvestiga-
tion of drug stability representsanimportant issuein
drug quality evauation.

CAPandIN aredrugsof clinical and analytica in-
terest; two HPLC methodshave been reported for their
smultaneousdeterminationin binary mixtures®?, Ina
previous work of the authors, derivative
spectophotometry, first-derivative ratio spectraand
TLC densitometry wereinvestigated?, Literature sur-
vey reveal sthat no methodswerereported as stability
indicating assay for theanaysisof CAPandIN, inbi-
nary mixture. Hence, the authors deemed useful to pro-
poseastability indicating and accurate HPL C method
for the simultaneous determination of CAPand IN in
admixtureeither inlaboratory samplesor in dosageform
of thesedrugs.
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Figurel: Sructuresof captopril (1A) and indapamide (1B).
EXPERIMENTAL

I nstrument and chromatogr aphic conditions

Integrated HPL C system, Agilent 1100 series, was
used for method devel opment and method validation.
This system was equipped with an isocratic pump
G1310A, amanud injector G1328B witha20 pl loop
andaUV —visible variable wavelength detector.

I socratic mobile phase cons sted of methanol: wa:
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ter: triethylamine (42.5:57.5:0.028, viviv), adjusted with
o-phosphoricacidtopH 2.5, usngapH meter, Jenway,
3505, Essex, U.K. Theflow ratewas maintained at 2
ml.mint. Amembranefilter of 0.45um porosity was used
tofilter themobile phase and an ultrasonic processor,
Soniclean, Thebarton SA, Australia, wasused to de-
gasthemobile phase.

Agilent Zorbax C , column, 5 um particle size (4.6
X 250 mm) Japan was used asa stationary phaseand
hydrochlorothiazide (HZ) wasused asaninternd stan-
dard. The sampleswereinjected (20 ul) witha25 pl
Agilent anaytical syringe. Thedetector wasset at 220
nm for CAP, CAPoxidation product and IN degrada
tion product (1) and at 242 nm and 272 nmfor IN and
HZ, respectively. Theanalysiswas carried out at ambi-
ent temperature.

IR chartswere obtained using Burker FT-IR spec-
trophotometer Vector 22, Schimadzu 435, Perkin-Elmer
457 and Jasco FT-IR plus 460 Japan, using potassium
bromidediscs. NMR chartswere obtained using Varian
Gemini 200 MHZ, Joel Fx 90Q, 90 MHz FT spectro-
photometer and Joel Ex 270 MHz spectrophotometer.
Thechemicd shiftswereexpressed in d ppm units, us-
ing trimethylsilaneastheinternal standard. Mass spec-
trawere obtained using Hewl ett Packard 5988 mass
spectrometer at 70 eV.

Materialsand reagents

CAP and IN pure samples were obtained from
Rameda(Thetenth of Ramadan) Co. for Pharmaceuti-
cd Industriesand Diagnostic Reagents, 6 of October
city, Egypt. CAPand IN were analyzed and found to
be 99.6 + 0.826 and 100.45 + 0.383, respectively,
applying RP-HPL C method?’. Pharmaceutical prepa
rationswereobtained fromthelocal market. Normaten®
tablets, Batch No. 03642, were|abelled to contain 3
mg of IN and 33 mg of CAP per tablet. HZ waskindly
supplied from Nationa Organization for Drug Control
and Researchin Egypt.

All chemica swereof andyticd gradeand the sol-
ventswere of HPLC grade. Aquatron doubledistillator
wasused to prepare distilled water.

Sandard solutions

(a) Sandard stock solutions
CAP standard solution (1.1 mg.ml), IN standard
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solution (0.1 mg.ml*) and HZ standard solution (0.2
mg.ml-t) were prepared in the mobile phase. In addi-
tion, CAP oxidation product solution (1.1 mg.ml) and
IN degradation product (1) solution (0.1 mg.ml™) were
also prepared inthemobile phase.

(b) Samplestock solution

Twenty tabletswereweighed, powdered and mixed
well. Anamount of the powdered tabletsequivaent to
IN (2.5mg) and CAP (27.5 mg) was weighed accu-
rately and transferred into a25 ml volumetric flask.
Methanol (15 ml) wasadded and theflask was shaken
mechanicaly for 30 min, then completedto volumewith
themobile phase, mixed well and filtered on dry funnel
and dry filter paper, discarding thefirst few milliliters.

Laboratory prepared mixtures
(a) In absence of degradation products

Different mixturescontaining CAPand IN inthe
sameratio asthat of the dosageform (1:11) were pre-
pared fromintact drug working standard solutions. One
ml of HZ solution (0.2 mg.mlt) wasadded asan ISto
each flask.

(b) In presenceof degradation products

Different mixturescontaining 10— 90 % of the deg-
radation product and CAPand IN inthesameratio as
that of thedosageform (1:11) were prepared fromin-
tact drug working standard solutions. Oneml of HZ
solution (0.2 mg.mit) wasadded asan | Sto each flask.

Method development

A variety of mobilephaseswereinvestigated inthe
development of agtability indicating HPL C method for
theanalysisof CAPand IN in tablet dosageform. The
suitability of mobile phasewasdecided onthebasis of
selectivity and sengitivity of the assay and separation
among impuritiesformed during forced degradation
Sudies.

For ced degradation study

Forced degradation study was conducted on
samplescontainingindividud drugs.
(a) Preparation of captopril oxidation product
Anaccurateweight (0.5 gm) of CAPwasdissolved

in 20 ml water, 0.05 M iodine was added till afaint
yellow color was obtained and then few dropsof 0.1

Hnalytical CHEMISTRY o

M sodiumthiosulphatewereaddedtill colorless. A white
precipitate wasformed which isthe oxidation product
of CAP4%8_ Theprecipitatewasfiltered, washed with
water (15 ml x 3) and | eft to dry overnight inan oven at
50°C. A small amount of the preci pitate was dissolved
in ethanol, spotted on a TLC plate next to a spot of
CAPand theplatewasallowed to develop using chlo-
roform: glacial aceticacid (6.5:1, v/v) asdeveloping
system. The spotswere detected using iodinevapors.
Two different spotswere obtained, onefor CAP(R, =
0.53) and the other for its oxidation product (R, = 0.26)
confirming that the obtained precipitate wasthe oxida
tion product, figure 2A.

(b) Preparation of indapamide acid degradation
product

Anaccurateweight (0.3 gm) of IN wasdissolved
intheleast amount of methanol and refluxed with 35 ml
3N hydrochloric acid for 3 hoursat 100°C, wrapping
theround bottom flask with aluminumfoil. After cool -
ing, theobtained precipitate wasfiltered, washed with
water (15 ml x 3) and | eft to dry overnight inan oven at
50°C. This precipitate was the acid degradation prod-
uct (1) of IN[729, A small amount of the precipitate
was dissolved in methanol and spottedonaTLC plate
next to aspot of IN and the platewas allowed to de-
velop using chloroform:glacia aceticacid (6.5:1, v/v)
asdeve oping system. Two spotsweredetected under
UV lamp, at 254 nm, thefirst correspondingto IN (R,
=0.37) and the second to its degradation product (1)
(R,=0.24), confirming that the obtained precipitatewas
the degradation product (1), figure 2B.
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Figure 2 : Degradation pathways of captopril (1A) and
indapamide(1B).
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The degradation products of CAP and IN were
identified using IR, *H-NMR and mass spectroscopy.

Procedures
(@) Linearity and construction of calibration curve

Aliquotsequivalent to either (275— 5500 pg) of
CAP standard solution (1.1 mg.ml1) or (25— 500 pg)
of IN standard solution (0.1 mg.ml) weretransferred
into two separate series of 10 ml volumetric flasks, 1
ml of HZ standard solution (1S) (0.2 mg.ml %) wasadded
asan|Sto each flask and the volumeswere completed
withthemobile phase. Triplicate 20 ul of each solution
wereinjected onto the column, usinga25 pl analytical
syringe. Chromatogramswererecorded under thefol-
lowinginstrumentd parameters, flow ratewas2 ml.min
1 at ambient temperature. The separation was achieved
on C,, column using methanol:water:triethylamine
(42.5:57.5:0.028, v/viv), adjusted with o-phosphoric
acidtopH 2.5, asamobile phase. Thewavelengthwas
220 nmfor CAP, CAPoxidation product and IN deg-
radation product (1) and 242 nm and 272 nm for IN
and HZ, respectively. The pegk arearatiosof each drug
tothat of theinterna standard wereca culated and used
for the construction of the calibration curves of CAP
and IN. Thecorresponding regression equationswere
then computed.

(b) Analysisof laboratory prepared mixtures

Thechromatogrgphic conditionsused under linearity
and construction of calibration curvewere gpplied for
different |aboratory prepared mixtures, in absenceand
in presenceof the degradation products. The pesk area
ratios of CAP and IN were cal culated for each mix-
ture, and their concentrationswere cal culated by sub-
dtituting intheregression equations.

(c) Application to phar maceutical formulation

Aliquots of appropriate volumeweretransferred
into 10 ml volumetricflasksand diluted to volumewith
themobilephaseto furnishtheconcentrationrangelisted
inTABLE 1.

RESULTSAND DISCUSSION
In recent years, two LC methods have been pub-

lished for smultaneousanaysisof CAPand IN intab-
let dosage form?21, One of the reported methods?
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involved theuse of cyanopropyl columnand dso sta
bility indicating nature was not explored. System suit-
ability testswere not studied for these methods.

Therefore, the proposed method was found supe-
rior intermsof eadly availablelaboratory columns, re-
agents, greater linearity range and separation of degra-
dation products.

Resultsof forced degradation studies

(a) ldentification of the oxidation product of
captopril

Theliteratureshowsthat CAP, inagueoussolution,
undergoesoxidativedegradation at itsthiol functionto
yield CAPdisulphide®, figure 2A. Oxidation was
carried out using 0.05 M iodineand excessiodinewas
reduced using sodium thi osul phate*#1, A white pre-
cipitate wasformed which, when dissolved in ethanol
and spotted on a TLC plate, showed aspot at R, =
0.26, whilethat of intact CAPwasat R, =0.53, using
chloroform: glacial aceticacid (6.5:1, v/v) asdevelop-
ing system. The spotswere detected usingiodineva
pors.

The structure of the oxidation product was con-
firmed by measuring the mel ting point which wasfound
to be 242 °C, *H-NMR and mass spectroscopy.

'H-NMR spectrum of CAPin CDCI ,wascharac-
terized by thegppearance of the protonsof methyl group
asdoublet at 6 1.163 ppm, SH as triplet at 1.523 —
1.625 ppm, (B,-CH,-) and (v, -CH,-) asmultiplet at &
1.947—2.286 ppm, (-CH-C=0) asmultiplet at 2.363
—2.528 ppm, (-CH,-SH) asmultiplet at 2.716-2.979
ppm, (3, -CH,-) as multiplet at 3.562 —-3.753 ppm,
(0, -CH-COORH) astriplet at 4.569 —4.624 ppm and
OH group assinglet at 11.302 ppm, figure 3A. The
disul phideformation led to the di sappearance of the
SH signd, asrevededintheH-NMR spectrum of CAP
oxidation product (DM SO-d,), figure 3B.

M oreover, mass spectrum showed the mol ecul ar
ion peek of the oxidation product (M* +1) at 433which
isequivdent to itsexpected molecular weight.

(b) Identification of theacid degradation product
of indapamide

IN isphotol abileand undergoesamide hydrolysis
under acidic aswell asbasic conditions. However, the
yield of acid hydrolysisismorethan that of alkaline
hydrolysig'"2%%2, Therefore, in this study, complete
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degradation wasdoneby refluxing IN with 3N HCl for
threehoursat 100 °C, protected from light; yielding
two degradation products. The degradation pathway

ETANDARD IH DBSLRVE
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(A)

of IN1"2% jspresented in figure 2B. The degradation
product (1) was obtained after precipitation and cool -
ingof thesolution.

T T
1 =0 Bpm

W oS v

Boththeintact drug and the acid degradation prod-
uct (I) weredissolved separately in methanol and spot-
tedonaTLC plate. Two different spotswere detected
under theUV lamp, withR =0.37 and 0.24 for IN and
thedegradation product (1), respectively, using chloro-
form: glacial aceticacid (6.5: 1, v/v) asdeveloping
sysem.

The melting point of the degradation product (1)
was tested and found to be 254 — 256 °C. Further-
more, itsstructurewas confirmed by IR, *H-NMR and
mass spectroscopy.

IR spectrum (KBr) of intact IN showed three
stretching bandsintherange of 3430.5—-3220.9 cm™

Hnalytical CHEMISTRY o
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corresponding to the primary NH, and the secondary
amide, the absorption frequency of C=0O at 1658.5 cmr
tand that of SO, at 1341.5 and 1172.8 cm™*, figure
4A. However, IR spectrum (KBr) of IN degradation
product (1) reveal ed two stretching bands characteris-
tic of primary aminein therange of 3403 —3282.8 cm
1, abroad band of carboxylic OH stretching vibration
which extendsin therange of 3088-2578.3 cm, the
absorption frequency of C=0 at 1694.7 cm™* and that
of SO, at 1342.5and 1169.7 cm*, figure 4B.
'H-NMR spectrum of intact INin DM SO-d, was
characterized by the appearance of the signals of the
protonsof themethyl group (c) asadoublet at 6 1.297
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theindolering (d) and benzenering (€) asamultiplet at
06.487—7.135 and 7.765 - 8.504 ppm, respectively

—1.326 ppm, methylene group of the indole ring (a) as
adoubletat 62.515—3.233 ppm, proton of the indole

ring (b) asatriplet at 6 3.967 ppm, aromatic protons of and aminegroup asasinglet at 10.554 ppm, figure5A.
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Figure4: IR spectraof intact indapamide, (5A); indapamide degr adation product (1), (5B).

By contrast, 'H-NMR spectrum IN degradation
product (1) in the same solvent lacked the characteris-
tic protons signals of theindol e ring and showed the
signalsof aromatic protonsasamultiplet at 6 7.816 —
8.522 ppm, NH, asasinglet at 6 8.823 ppm and OH
asasinglet at 6 13.542 ppm which disappears by deu-
teration, figure 5B. Thisindicatesthat theamidegroup
suffered cleavageby 3N HCl leading to theformation
of the degradation products.

In addition, mass spectroscopy revealed M at 235

and M*+ 2 a 237 dueto the presence of Cl and which
isidentical to themolecular weight of IN degradation
product (1).

HPL C method development

Preliminary testswereperformed withtheobjective
to select adequate and optimum conditionsfor the sepa:
ration under isocratic conditions. Parameters such as
column type, mobile phase composition, pH, flow rate
and detectionwavd engthswerethoroughly investigated.
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Figure5: "H-NM R spectrumof intact indapamidein DM SO-d,,

Attempts were made using different stationary
phases, such as C, and C , columns. The use of C,
column reduced the hydrophobicity of thecolumnand
decreased theretention time of the drugsbut poor reso-
|ution was obtained.

Severd binary or ternary eluentsweretested using
different proportionsof solvents, such as, acetonitrile,
methanol and water. The separation improved with the
decrease of the percentage of methanol to water. The
useof ion—pair reagent, triethylamine, resulted in less
peak broadening and | ess peak asymmetry**34, The
pH of the mobile phase was found to be critical in
achieving the separation between the drugs of

B e

T e e
6 4 2 -0

(6A); indapamidedegradation product (1) in DM SO-d,, (68).

choice®3l, A pH, higher than 2.5, showed poor reso-
lution of the studied drugs and their degradation prod-
ucts. To improvethe precision of the method and to
compensatefor smal variabilitiesintheinstrumentation
performance® HZ wasused asan IS.

A satisfactory separation wasobtainedusingC
column with a mobile phase consisting of
methanol:water: triethylamine (42.5:57.5:0.028, viviv),
adjusted with o-phosphoric acidto pH 2.5, at aflow
rateof 2ml.min™. Detection wascarried out at 220 nm
for IN degradation product (1), CAPand CAP oxida-
tion product and at 242 nmand 272 nmfor IN and HZ
(1S), respectively. A representative chromatogramis
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showninfigure6, wherethe peaksobtaned are sharp
andwell resolved and have aclear basdline separation.
Theaverageretentiontime=+ S.D.[?4 and the elution
order werefound to be 1.363 + 0.002 for HZ, 1.997
+0.026 for IN degradation product (I),2.969 + 0.031
for CAP, 7.951 + 0.029 for IN and 10.517 + 0.091
for CAPoxidation product, withanoverdl andysstime
of about 13 min.

mAU % ¢ Internal standard “at1.360
o « Indapamide degradation product : at 1.966
o * Captopril at 2.970
po) s Indapamide cat7.992
s0 B E * Captopril oxidation product : at 10.720
o
PR
9 =
5 ]
p 30
E 8
o 4 o &
20 -} 3 f
5 i ™~ i \
\
_ i
10 — / i } ‘
] ﬂjl } \ J \\ ;J \
ool L . SO T N S
v T T
(4} 10 min|

Time (min)
Figure 6 : HPLC chromatogram of a mixture of
hydrchlorothiazide solution as an 1S (200 pg.ml?),
indapamidedegradation product (1) solution (12.5 pg.ml?),
captopril ssandard solution (137.5 pg.ml?), indapamidestan-
dard solution (12.5 pg.ml*) and captopril oxidation product
solution (137.5 pg.ml%) in mobile phase.

M ethod validation

Thedevel oped chromatographic method wasvali-
dated for linearity, precision, accuracy, limit of detec-
tion (LOD), limit of quantification (LOQ) and system
suitability in accordance with the ICH guideline Q2
(R1)=2,

(@) Linearity

A linear rel ationship was obta ned between the pesk
arearatios(drug/lS) and the drug concentrationsin the
ranges of 27.5—550 yg.ml*and 2.5—- 50 pg.ml2, in
caseof CAPand IN, respectively. Linear regression
andysiswasperformedto calculated ope, intercept and
regression coefficient (r?) of thecalibration curves. The
anaytical dataof thecalibration curvesincluding stan-
dard deviationsfor theslopeandintercept (S, S) are

—— Fuyl] Paper
summarizedin TABLE 1.

TABLE 1: Assay parameter sand method validation obtained
by applying HPL C method for thesmultaneousdeter mina-
tion of CAPand IN in mixture.

HPL C method

Item
CAP IN
Retention time 2.969 £ 0.031min 7.951+ 0.029 min
W avelength of detection 220 nm 242 nm

27.5-550 ug. mlt 2.5-50 pg.ml?
y=0.0402 x — 0.027 y=0.2178 x — 0.0037

Range of linearity
Regression equation

Correlation coefficient (r) 0.9998 0.9998
So 0.0001 0.001

S, 0.055 0.028
LOD 2.75 pg. mlt 0.14 pg. ml?
LOQ 8.35 ug. ml? 0.41 pg. ml?
Intra day®

%RSD 0.890-0.147 0.316-0.273
Inter dayb

%RSD 0.983-0.882 0.703-0.650

Drug in dosage form 100.38+0.953 100.43+0.958

#The intraday (n = 3), average of two concentrations (88,
396 pg.ml™), (8, 36 pg.ml™) for CAP and IN, respectively,
repeated three times within the day; "The interday (n = 3),
average of two concentrations (88, 396 pg.ml™), (8, 36 pg.ml™)
for CAP and IN, respectively, repeated three times in three
successive days.

(b) Accuracy

Accuracy of themethod was checked by analyzing
synthetic mixturesof both drugsat various concentra-
tions. The mean percentage recoverieswere 99.56 +
0.831 and 99.84 + 0.755 (mean = RSD), in case of
CAPandIN, respectively, TABLE 2.

(c) Selectivity

The selectivity of the proposed procedurewas es-
tablished by analyzing different laboratory prepared
mixtures of intact drugsin presence of varying con-
centrations of degradation products. The mean per-
centage recoverieswere found to be 99.02 + 0.733
and 99.62 + 0.859, in case of CAP and IN, respec-
tively, indicating that themethod i snot affected by the
presence of up to 90 % of the degradation products,
TABLE 2.

(d) Precison

The precision of the method wasdetermined using
parameters of repeatability (intraday) and intermediate
precision (interday), andyzing 2 samplesolutionsof (88,
396 pg.ml?) and (8, 36 ug.ml?t) for CAPand IN, re-
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spectively, intriplicate, onthesameday. Thevauesof
RSD were cal culated to determineintraday precision.

This study was al so repeated on three daysto deter-
mineinterday precision, TABLE 1.

TABLE 2: RP-HPL C method for thesmultaneousdetermination of CAPand [N in labor atory prepared mixtures.

In absence of degradation products

In presence of degradation products

Mixture Taken % % Intact Taken  Degradation product %
No. (ng.mlI™) Recovery Degradtion  (ng.ml™) taken (ug.ml”) Recovery
CAP IN CAP IN products CAP IN CAP IN CAP IN
1 66 6 100.33 98.53 10 24715 225 275 25 99.82 99.49
2 88 8 99.93 99.39 30 1925 175 82.5 7.5 98.26 100.55
3 176 16 99.43 100.83 50 1375 125 137.5 12.5 98.76  99.50
4 286 26 98.01 100.14 70 825 75 192.5 175 9854 98.91
5 396 36 100.48 100.19 80 5.0 5.0 220.0 20.0 100.05 100.70
6 440 40 99.55 99.50 90 2715 25 2475 225 98.69 98.56
7 484 44 99.18 100.28
X 99.56 99.84 99.02 99.62
+S.D. 0.831 0.755 0.733 0.859
RSD 0.835 0.756 0.740 0.862

TABLE 3: Chromatographic parametersrequired for sys-
tem suitability test in thesmultaneousdeter mination of CAP
and INin binary mixtureand in presenceof their degrada-
tion productsby RP-HPL C method.

Obtained value

Par ameter Reference valud*>®
CAP IN
Tailing factor (T) 142 1.29 <2
Column capacity (K) 1.97 6.992 1-10
Column 6445 The higher the value, the
efficiency (N) 1585022 081 more efficient the columniis.
Height equivalentto  0.0158 0.0039 The smaller thevalue, the
theoretical plate (H) cm/plate cm/plate higher the column efficiency
. 511 (a) 4.78(a)
Resolut R * >2
esolution (R) 14.42 (2)
Relative 204 (by)” 1.39 (by) -1
retention (o) 3.55 (b, =

"a,, a, and a, calculated for IN - CAP oxidation product, IN -
CAPand CAP - IN degradation product (1), respectively; "b,, b,
and b, calculated for IN— CAP oxidation product, IN - CAPl and
CAP-IN degradation product (I), respectively.

(e) Limit of detection and limit of quantification

Inaccordancewith |CH recommendations, the ap-
proach based on the standard deviation of theresponse
and the dope of the calibration plotswasused to de-
terminedetection and quantification limits. Thevalues
aregiveninTABLE 1.

(f) System suitability

System auitability testsare anintegra part of chro-
matographic methods and are used to verify that the
resolution and precision of the system are adequatefor
theanalysisto be performed®d. Good agreement was

Hnalytical CHEMISTRY o

found when the results were compared with the rec-
ommended vaues?¥, wherethe sysemwasfoundto
besuitable, TABLE 3.

Tablet analysis

The proposed method was successfully applied for
theanaysisof thecited drugsin Normaten® tablet. Ap-
plying thestandard addition technique assessed theva
lidity of themethod, TABLE 4. Theresultsof analysis
of thecommercid tabletsand therecovery study (stan-
dard addition method) suggested that thereisnointer-
ferencefromany excipientswhich arenormaly present
intablets.

TABLE 4: Application of thestandar d addition techniqueto
thesmultaneousdeter mination of CAP and IN in Nor maten®
tabletsby RP-HPL C method.

Claimed Taken Pure Added % Recovery
(ng.ml™ (ng.ml™ of added
CAP IN CAP IN CAP IN
220 20 110 10 9928  99.82
220 20 165 15 99.06 100.55
220 20 220 20 99.33 101.61
220 20 275 25 9869 100.18
220 20 330 30 99.63 9947
X 99.20 100.33
+S.D. 0349 0.823
RSD 0.352  0.820
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TABLE 5: Satistical comparison between theresultsob-
tained by applyingthe proposed method for theanalysisof
CAPand N by theproposed RP-HPL C method and ther efer -
encemethod.

- CAP IN
Preparation S-T-I:r;ca] RP- Reference RP- Reference
HPLC  Method® HPLC  Method4
Laboratory Meen+SD. 99.5640.831 99.60%:0.826 99.84+0.755 100.45+0.383
Prepared N 7 5 7 5
Mixtures  Variance 0.691 0.682 0.570 0.147
SE. 0.314 0.369 0.285 0.171
Student’s t (2(.).202%:;* (21.'2823;*
Fratio 1.013(6.16)* 3.878(6.16)*
Fvalue 275 0.73
p-value  0.035** 0.607
Normaten® Mean+SD. 100.38+0.953 99.97+0.856 100.43+0.958 99.69+0.784
Tablet N 3 5 3 5
Variance 0.908 0.733 0.918 0.615
SE. 0.550 0.383 0.553 0.351

Student’s t 0.612(2.447)* 1.130(2.447)*
Fratio 1.239(6.94)* 1.493(6.94)*
F value 0.71 157
p-value 0.627 0.229

*The values in the parenthesis are the corresponding values
of t and F at (p=0.05); **= There is a significant difference
between methods by using one way ANOVA at p<0.05; The
same letter means that no significant difference by using
Duncan t-test at p< 0.05; 4Refer ence method for pure CAP and
pure IN in binary mixture is RP-HPL C method, using C,, col-
umn, water : acetonitrile : methanol : glacial acetic acid
(650:175:175:1, viviviv) as mobile phase and UV detection at
220 nmt1,

TABLE 6 : Comparison between the results obtained by
applying the proposed RP-HPL C method and ther eference
method for theanalysisof CAPand IN.

CAP IN
Laboratory ® Laboratory ®
M ethods prepared Normaten prepared Nor maten
mixtures tablet mixtures tablet

Mean SD. Mean SD. Mean SD. Mean SD.
RP-HPLC method  99.56% 0.831 100.38 0.953 99.84 0.755 100.43 0.958

Referencemethod  99.60% 0.826 99.97 0.856 10045 0.383 99.69 0.784
F-value 2.75 0.71 0.73 157
p-value 0.035* 0.627 0.607 0.229

* = Thereisasignificant difference between methods by using
one way ANOVA at p <0.05; The same letter means that no
significant difference by using Duncan t-test at p < 0.05.

Satistical analysis
Statistical comparison of theresultswas performed

—— Fuyl] Paper

with regard to accuracy and precision using Student’s
t-test, the F-ratio and P-va ueat 95% confidencelevd,
by using One-way ANOVA. Thecal culated Student’s
t-test and F-ratio valueswerefound to belessthan the
theoretical values, and the P-value of the F-testisal-
waysgreater than 0.05, revealing that thereisno sig-
nificant difference between the suggested and theref-
erence methodswith regard to accuracy and precision,
TABLEDS.

CONCLUSION

Thedeve oped and vaidated LC method is stabil-
ity indicating and enables specific, accurateand precise
smultaneousandysisof CAPand IN intablet formula-
tion. Themethod is sensitive enough for quantitative
detection of theanaytesin pharmaceutical preparation.
Therefore, the proposed method can be used for rou-
tineanalysis, quality control and for studiesof the sta-
bility of pharmaceutical tablet containing thesedrugs.
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