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ABSTRACT

In this work, a new simple spectrophotometric mettsoopresented for determination of the two antérygnsive
binary mixtures of hydrochlorothiazide (HCT) withher carvedilol (CRV) or losartan potassium (LO&thout
prior separation. The proposed method is basedesreration of ratio spectra of one compound usireydtiner as a
divisor followed by measurement of the ratio-défeze (peak-to-trough) amplitudes between two slect
wavelengths in the ratio spectra. For analysis @TACRYV mixture, 20 pg/mL CRV was used as a divisut,the
ratio-difference amplitudes between 287 and 299were plotted against HCT concentration. Similably, using
20 ug/mL HCT as a divisor, the peak-to-trough amplisitbetween 269.5 and 287.5 nm were found propoitiona
CRYV concentration. Calibration curves were linearthe range 5 - 80 pg/mL for both drugs. For deiaation of
HCT/LOS mixture, a standard solution of LOS 50 [Lgimas used as a divisor, and the ratio-differenogpbtudes
between 224 and 275 nm were measured and correlatd©T concentration. Similarly, HCT 50 pg/mL veas as

a divisor in LOS determination and the peak-to-fouamplitudes between 242 and 275 nm were recorded.
Calibration curves were linear over the conceniatranges 5-50 and 5-60 pg/mL for HCT and LOS, eetigely.
The developed methods were validated followind@heguidelines and successfully applied to the mheiteation of
the studied drugs in various laboratory preparedxtmies. In addition, satisfactory results were adiéa from
analysis of the tablets dosage forms with no sicanitt statistical differences from the referencehuods.

Keywords: Spectrophotometric analysis; Ratio spectra; Pedkstogh amplitudes; Hydrochlorothiazide;
Carvedilol; Losartan potassium; Tablets dosage $orm

INTRODUCTION

Hydrochlorothiazide (HCT) (Figure 1), chemicallydwn as 6-chloro-3,4-dihydrok21,2,4-benzothiadiazine-7-
sulphonamide-1,1-dioxide [1], is a moderately potdniazide diuretic. It exerts its effect by recugithe re-
absorption of electrolytes from the renal tubutegreby increasing the excretion of sodium andrahdoions, and
consequently of water. HCT is used in the treatroéhtypertension either alone or with other antiérgensives [1].
Carvedilol (CRV) (Figure 1), chemically known as cdrbazol-4-yloxy-3-[2-(2-methoxyphenoxy)
ethylamino]propan-2-ol [1], is a non-cardioseleetheta blocker. It has vasodilating properties cWiare attributed
mainly to its alpha-1 blocking activity; at highdoses calcium channel blocking activity may conti#h CRV is
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used in the management of hypertension, angin@peend as an adjunct to standard therapy in symgutic heart
failure [1]. Losartan potassium (LOS) (Figure 1)cisemically known ag-butyl-4-chloro-1-p-(o-1H-tetrazol-5-
ylphenyl)benzyllimidazole-5-methanol potassium [1]JOS is an angiotensin Il receptor antagonist with
antihypertensive activity due mainly to selectidedkade of AT receptors and the consequent reduced pressor
effect of angiotensin Il. It is used in the managetmof hypertension, particularly in patients wrewvelop cough
with ACE inhibitors and to reduce the risk of steoln patients with left ventricular hypertrophy,dam the
treatment of diabetic nephropathy [1].
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Figure 1: Chemicals structures of hydrochlorothiazile (HCT), carvedilol (CRV) and losartan potassiumI(OS)

The simultaneous determination of the binary comtiodm of HCT and CRV was addressed in few analltica
reports. These reports described the use of HPLR WV detection [2-4], HPLC-DAD [5], TLC [4] and pélary
electrophoresis [6]. In addition, several spectatpmetric methods were reported including the trawial zero-
crossing derivative spectrophotometry [2], derivatiatio spectrophotometry [4], dual wavelengthlgsia [7] and
the Q-analysis (graphical absorbance ratio) meffi@dOn the other hand, numerous articles can bedan the
literature suggesting various methods for the aislpf HCT/LOS binary mixture. Separation technigjweere
applied such as HPLC with UV detection [8-10], HPta@dem mass spectrometry (LC-MS/MS) [11], HPTLE][1
capillary electrophoresis (CE) [13] and capillafgatrochromatography (CEC) [13]. Recently, a défeial-pulse
voltammetric method was developed for the simubbasedetermination of HCT and LOS [14]. Additionally
several spectrophotometric methods were appliethioassay of this mixture such as derivative spphbtometry
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[12,15], derivative ratio spectrophotometry [8],ngmensation technique [8], simultaneous equationthaode[16],
dual wavelength method [16] and chemometric muliata analysis [17].

In previous works, we introduced a neatio spectra peak-to-trough measurememthodfor the simultaneous
determination of some selected drugs in their lyimaixtures without prior separation [18-20]. Thethu is based
on generation of the ratio spectra of compound Xubing a standard spectrum of compound Y as aativiehe
peak-to-trough (ratio-difference) amplitudes betwéso selected wavelengths are proportional to eotration of
X without interference from Y simply because itdenfierence has been converted into a constant wisich
eliminated by subtraction. Similarly, compound Ynche determined using X as a divisor. In this wonle
investigate this simple method for the determimatid the binary mixtures HCT/CRV and HCT/LOS. Thethod
was validated and successfully applied to the asdathe investigated drugs in their combined conuiadr
preparations. The simplicity, fast speed and ecan@iffordability of the proposed method supportafplicability
for quality control purposes.

MATERIALS AND METHODS

Instrumentation

Specord S600 UV-VIS diode array spectrophotometear( speed 6000 nm/min and wavelength intervahfp
associated with WinAspect software version 2.3 (filaJena AG, Germany) was used. Absorbance measemts
were recorded using 10 mm quartz cells.

Materials

HCT was kindly donated by Pharco Pharmaceuticals @texandria, Egypt. CRV was kindly supplied by
Chemipharm Pharmaceutical Industries” ©ctober City, Egypt and LOS was a gift from El-Anar
Pharmaceuticals Co., Alexandria, Egypt. HPLC-graohethanol (Sigma-aldrich Chemie GmbH, Buchs,
Switzerland), analytical grade of hydrochloric afil-Nasr Pharmaceutical Chemicals Company, Eggpt) high
purity distilled water were used. Pharmaceuticapprations involved in this study are Co-Dilatrentiblets
(Roche Austria GmbH, Wien, Austria, Batch No. M5ML labeled to contain 25 mg CRV and 12.5 mg HCT pe
tablet, Co-Dilatrol® tablets (Chemipharm Pharmaicelitindustries S.A.E., " October City, Egypt, Batch No.
110872A) labeled to contain 25 mg CRV and 12.5 @y Hber tablet and Hyzaar® tablets (Merck Sharp &ibe
BV, Haarlem Netherlands, Batch No. NM10430) labeled to confdirmg LOS and 12.5 mg HCT per tablet.

General procedures and construction of calibratiorgraphs

Mixture 1: HCT/CRV

Stock standard solutions of HCT 10Q8/mL and CRV 100Qug/mL were prepared in methanol. Portions of both
solutions were separately diluted with 0.1M hydtodk acid solution to attain the concentrationgas specified in
Table 1. The absorption spectra of the prepare#ingisolutions were recorded in the range of 200-4t against
0.1M hydrochloric acid solution. For the determioatof HCT, the recorded absorption spectra weraddd,
wavelength by wavelength, by the spectrum of adsteth solution of CRV 20 pg/mL in 0.1M hydrochloacid
solution. The peak-to-trough (ratio-difference) ditndes in the obtained HCT ratio spectra betwe®n &nd 299
nm were measured and plotted versus the corresppedncentrations to obtain the calibration gregimilarly, a
standard spectrum of HCT 20 pg/mL was used as iaadiin the determination of CRV and the peak-tastth
measurements between 269.5 and 287.5 nm were egtord

Mixture 2: HCT/LOS

Stock standard solutions of HCT 1006/mL and LOS 100Qug/mL were prepared in methanol. Portions of both
solutions were separately diluted with 0.1M hydiodk acid solution to reach the concentration emgpecified in
Table 1. The absorption spectra of the prepare#ingisolutions were recorded in the range of 200-4M against
0.1M hydrochloric acid solution. For generationHET ratio spectra, a standard spectrum of LOS Snpgvas
set as the divisor, and the peak-to-trough (raffierdnce) measurements between 224 and 275 nm wee for
construction of the calibration graph. As for LQ&ilaration, the absorption spectra were dividedHiT 50 pg/mL
standard spectrum then the peak-to-trough (rafferédnce) amplitudes between 242 and 275 nm werasuoned
and plotted versus the corresponding concentrations
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Assay of tablets dosage forms

Mixture 1: HCT/CRV

Ten Co-dilatrend® or Co-dilatrol® tablets were seyialy weighed and finely powdered. An accurately
weighed amount of the powdered tablets from eaamndbrequivalent to 25 mg CRV and 12.5 mg HCT was
separately extracted with 60 mL HPLC-grade methavith the aid of shaking for 10 min then filteretto a
100-mL volumetric flask. The residue was washechvidk10 mL methanol and washings were added to the
filtrate. Tablet solutions were completed to volumdth methanol. Aliquots from the prepared tablet
solutions were accurately diluted with 0.1M hydrtmric acid solution to obtain final concentratiowsthin

the specified ranges (Table 1) then they were ¢ikas described under general procedures.

Mixture 2: HCT/LOS

Ten Hyzaar® tablets were weighed and finely powdien accurately weighed amount of the powder eajaivt

to 50 mg LOS and 12.5 mg HCT was extracted with BRJrade methanol according to the aforementioned
extraction procedure. Aliquots from the prepardualefsolution were accurately diluted with 0.1M hgdhloric
acid solution to obtain final concentrations withime specified ranges (Table 1) then they weretébas
described under general procedures.

RESULTS AND DISCUSSION

Spectral characteristics and development of the mbebds

Although direct UV spectrophotometry is an appealgimple procedure for the quality control of drugstheir
pharmaceutical preparations, it is not applicablervdrugs with overlapping spectra coexist in redtinponent
mixtures. This is the case in the investigated fyimaixtures; where both components of mixture 1 TH&\d CRV)
and mixture 2 (HCT and LOS) exhibit significanterference in the determination of the other as shismFigure
2. Hence, the simultaneous determination of thepmmds in each binary mixture necessitates a maittiesh
treatment of the absorption data in order to oh@tihterference imposed by each drug while deténmgithe other.
Accordingly, a simple one-step correction procedwased on generation of ratio spectra was developed
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Figure 2: Absorption spectra of 10ug/mL HCT (——), 10pg/mL CRV (——) and 10pg/mL LOS (——) in 0.1 M hydrochloric
acid solution

First, a study was carried out to examine the éffdaivisor concentration on the generated ragiecéra of the
studied drugs. When the concentration of divisoingeased or decreased, the resulting absorbaticevialues
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proportionally decrease or increase, respecti@wever the positions of the peaks and troughs iremzaffected

by changing the divisor concentration. Divisor camitation was tested in the range of 20-30 pg/mlrfixture 1
(HCT and CRV) and in the range 50-80 pg/mL for mmigt2 (HCT and LOS). The best results in terms of
sensitivity, accuracy and repeatability of measuets were obtained using divisor concentration g0ml of
either HCT or CRYV in case of mixture 1, and 50 plgmeither HCT or LOS for mixture 2.

For analysis of HCT/CRV mixture, the ratio spedaifalifferent HCT standards at increasing conceiatnatin 0.1M
hydrochloric acid solution, obtained by dividingceaby the spectrum of 20g/mL CRV in the same solvent are
illustrated in Figure 3. The peak to trough amplés between 287 and 299 nm on the generated pea@ira are
proportional to HCT concentration. For the detemtion of CRV, an analogous procedure was followeadure 4
shows the ratio spectra of different standards BVQusing 20ug/mL HCT as a divisor. The peak to trough
amplitudes between 269.5 and 287.5 nm on the peabuatio spectra were measured and found propaition
CRV concentration.

The same principle was applied for the simultanedetermination of HCT and LOS. The ratio spectréaimied
from the division of HCT absorption spectra by anslard spectrum of LOS showed a peak at 275 nna araligh
at 242 nm (Figure 5). However, the ratio-differermraplitudes were recorded between the peak at &7%anmd
another smaller peak at 224 nm. These selectedlevagtbs led to better results in terms of accu@my precision
of measurements; therefore they were used for ¢mstrouction of HCT calibration equation. Similathy using
HCT as the divisor, the peak to trough (ratio-di#fece) amplitudes between 242 and 275 nm in LOS saectra
were selected for its determination (Figure 6).
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Figure 3: Ratio spectra of 5, 10, 20, 40 and 50/mL HCT using 20 pg/mL CRYV as a divisor

Validation of the proposed spectrophotometric methds
The proposed method was validated according tdrieenational Conference on Harmonization (ICH)dglines
on validation of analytical procedures [21].

Linearity and concentration ranges

The linearity of the proposed method was evaluditgdnalyzing serial concentrations of each drudhinit

the concentration range mentioned in Table 1. Treasured response was plotted as a function of the
corresponding concentration and the regressiontiequaias calculated using the least squares methdterent
regression parameters including correlation cogffits (r), slopes, intercepts and their correspogdi
standard deviations are summarized in Table 1. Tigh correlation coefficients values (r > 0.9996)
associated with the negligible intercepts indicatgobd linearity of the proposed procedures. In thaldi
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deviation around the slope can be evaluated bylzdion of the RSD% of the slopeyfs) which were found to be
less than 1.6 %. In addition to the previous patarse linearity can be further guaranteed by thalymis of
variance (ANOVA) test [22]. The most important &&¢ in this test is the F-value which is the oadif the mean of
squares due to regression divided by the meanuareg due to residuals. High F values reveal arase in the
mean of squares due to regression and a decre#ise imean of squares due to residuals. The grésenean of
squares due to regression, the steeper is thességmeline. The smaller the mean of squares duediduals, the
less is the scatter of experimental points arounedregression line. Consequently, regression lmids high F
values (low significance F) are much better thars¢hwith lower ones. Good regression lines show taggues for
both r and F statistical parameters.

J

Absorbance ratio
o

e~

250 260 270 280 230 300 [rm]

Wavelength (nm)
Figure 4: Ratio spectra of 5, 10, 20, 40 and §y/mL CRV using 20pg/mL HCT as a divisor
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Figure 5: Ratio spectra of 5, 10, 20, 30 and 503/mL HCT using 50 pg/mL LOS as a divisor
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Figure 6: Ratio spectra of 5, 10, 20, 30, 40, 50 d®0 pg/mL LOS using 50pg/mL HCT as a divisor

Limits of detection and quantification

Limit of detection (LOD) was defined as 3.3sand limit of quantification (LOQ) was computesl ¥0 $/b, where
S, is the standard deviation of the intercept ang thé slope of the calibration curve. The calcdlatalues are
presented in Table 1.

Table 1. Regression and analytical parameters fohe determination of the binary mixtures using the poposed spectrophotometric

method
Parameter Mixture 1 Mixture 2

HCT CRV HCT LOS
Wavelengths (nm) 287 and 299 269.5and 287.5 2@23ab| 242 and 274
Concentration rangeug/mL) 5-280 5-80 5-50 5-60
Intercept (a) -0.001 0.008 0.05 0.08
S? 0.02 0.01 0.06 0.02
Slope (b) 0.07 0.07 0.13 0.10
S? 0.0007 0.0003 0.002 0.0005
RSD% of the slope ¢%6) 1.00 0.43 1.54 0.50
Correlation coefficient (r) 0.9997 0.9999 0.9996 9999
Sy’ 0.04 0.01 0.07 0.03
F 1081¢ 7092( 506¢ 30937
Significance F 532 x 19 1.89 x 10° 234x10 | 1.13x10°
LOD® (ug/mL) 0.94 0.47 1.52 0.66
LOQ' (ug/mL) 2.8€ 142 4.62 2.0C

2 Standard deviation of the intercePtStandard deviation of the slogeStandard deviation of residuals
dVariance ratio, equals the mean of squares duedeession divided by the mean of squares abouessipn (due to residuals)
€ Limit of detection! Limit of quantification

Precision and accuracy

The within-day repeatability of the proposed methas assessed through the analysis of three caatientlevels
for each drug prepared in triplicates. Correspagiginthe between-day precision (also known as tierinediate
precision) was studied on the same levels ovem3amutive days. Table 2 contains the values ofemage relative
standard deviation (RSD%) which did not exceed B%dbbth mixtures indicating the acceptable levepicision
of the proposed method. The adequate recoverecntratons in addition to the low values of peregetrelative
error (E%) gathered in Table 2 also confirm the accuradhefdeveloped method.
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Table 2. Precision and accuracy for the determinatin of the drugs in bulk forms using the proposed srtrophotometric method

Nominal Within-day Between-day
Analyte value Found + SD! b ¢ | Found +SD b c
(umb) | (ugimb) | RSPOO" | BCOT | ugmpy | RSPOOT | B OO
10 10.14+ 0.0¢ 0.8¢ 1.4C 10.11+0.0¢ 0.7¢ 1.1C
HCT 2C 19.97+ 0.2 1.1C -0.1¢ 20.10£0.3 1.8¢ 0.5C
Mixture 1 50 49.57 £ 0.91 1.84 -0.86 49.86 + 0.79 1.58 -0.28
10 9.82+0.10 1.02 -1.80 9.92 + 0.06 0.60 -0.80
CRV 20 20.29+0.16 0.79 1.45 19.88 +0.37 1.86 -0.60
50 49.93 +£0.19 0.38 -0.14 49.67 +0.31 0.62] -0.66
10 10.09+ 0.0¢€ 0.6( 0.9C 9.88+0.1¢ 1.92 -1.2C
HCT 2C 20.04 £0.1 0. 8(C 0.2C 19.85+0.3 1.97 -0.7¢
Mixture 2 50 49.19 + 0.50 1.02 -1.62 49.19 + 0.64 1.30 -1.62
10 10.00 £ 0.07 0.70 0.00 10.07 £0.09 0.89 0.0
LOS 30 30.57 £ 0.59 1.93 1.90 29.85 +0.50 1.68 -0.50
50 50.22 + 0.58 1.16 0.44 50.80 + 0.31 0.6 1.60
3 Mean +standard deviation for three determinatiofi$s Relative standard deviatiorf.% Relative error.

Stability of solutions

Stability of the working solutions of the studieduds in 0.1M hydrochloric acid was verified and no
significant spectrophotometric changes were notifgdat least 6 hr. Also, the stock solutions inthamol
were stable for at least two weeks when storedgefated at 4°C.

Applications of the proposed methods

Analysis of laboratory-prepared synthetic mixtures

In order to further assess the applicability of pheposed method for the determination of the setedrugs in their
binary solutions, several synthetic mixtures wereppred. These mixtures contained different ratiosach drug
pair; both above and below their normal ratiosahlets. The content of each drug was then calauffieam the
corresponding regression equation. The acceptabtevered concentrations, values of RSD(%) affth)Egathered
in Table 3 for both mixtures confirm the accuraog @recision of the method, and demonstrate its/fca power
to resolve and quantify the investigated drugs whrexsent in different proportions.

Table 3. Determination of HCT/CRV and HCT/LOS laboratory-prepared mixtures using the proposed spectrapotometric method

Nominal value Found + SO b c
(ng/mL) (ng/mL) RSD(%) B (%)

HCT CRV HCT CRV HCT |CRV |HCT |CRV
20 10 19.80+0.17 10.04+0.18 0.86 1.79 -1/00 004
10 10 9.98 + 0.05 10.03+£0.14 0.50 1.40 -0{20  0{30
10 20 10.10+0.10 20.05+0.12 0.99 0.60 1.00 0|25
10 3C 9.85+0.11 | 29.87+£0.3 1.62 1.17 | -1.5C | -0.4<
10 40 10.19+0.1§ 39.80+0.12 1.47 0.80 1.90 005
10 50 10.03+0.04 49.63+0.48 0.70 0.97 0830 4Q.7

HCT LOS HCT LOS HCT | LOS | HCT | LOS
20 1C 10.02+0.1Z | 19.99+0.0¢ | 1.2C 0.4t 0.2C | -0.0t
10 10 9.96 +0.12 9.95+0.0 1.21 0.91 -040 -0/50
10 20 19.66 +0.21 10.01+0.06 1.7 0.60 -1|70 001
10 30 29.80+0.52 10.04+0.11 1.75 1.10 -0/67 004
10 40 40.14 £0.17 9.95 £ 0.0 0.42 0.80 0.85 -0.50
10 50 50.19 +0.37 10.08 +0.03| 0.74 | 0.30 | 0.38 | 0.80

@ Mean +standard deviation for three determinatiofi$6 Relative standard deviatiorf.% Relative error.

Analysis of tablets dosage forms

The proposed method was successfully applied to ahalysis of both antihypertensive mixtures in rthei
pharmaceutical preparations. The active ingrediest® extracted and directly quantified without amgrference
from the inactive ingredients. Results obtained ewprecise and in good agreement with the labelainchs
concluded from the satisfactory values of % recpv8D and RSD(%) gathered in Table 4. A referenBe €UV
[3] method was applied to the analysis of HCT/CRMaby mixture in its pharmaceutical formulationsofC
Dilatrend® and Co-Dilatrol® tablets). Similarly,deerivative-ratio spectrophotometric method [8] waplemented
for the analysis of HCT/LOS binary mixture in iteshge form (Hyzaar ® tablets). Recovery data obthfrom the
developed spectrophotometric method were statisticampared with those of the reference methodaguthe
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Student’s t- and the variance ratio F-tests. Irhliests, the calculated values did not exceedhtberétical ones at
the 95% confidence level which indicated that theeee no significant differences between the redeseobtained
from the proposed method and those of the referemethods (Table 4). It is evident from these rasthiat the
proposed method is applicable to the assay of botlg combinations with minimum sample preparation a
satisfactory levels of accuracy and precision.

Table 4. Application of the proposed spectrophotontac method for the analysis of HCT/CRV and HCT/LOS binary mixtures in tablets

dosage forms
. Proposed method Reference method
Co-Dilatrend® tablets aCT CRV aCT CRV
%Recovery + SB 99.85 +0.53 99.15+1.01 99.92 +0.24 100.10660
RSD(% 0.53 1.02 0.24 0.66
t 0.28 1.76
F 4.88 2.34
) Proposed method Reference method
Co-Dilatrol® tablets heT CRV aeT CRV
%Recovery + SB 100.09 £ 0.76/ 99.94 + 0.29 99.10 +1.13 99.56580.
RSD(% 0.76 0.29 1.14 0.53
t 1.63 1.38
F 2.21 3.3¢
Hyzaar® Proposed methoi Reference metho
tablets HCT LOS HCT LOS
%Recovery + SB 99.78+0.49 | 100.0%+0.30 | 100.09:0.26 | 100.18 0.14
RSD(% 0.49 0.30 0.26 0.14
t 1.25 1.14
F 3.55 4.59

@ Mean = standard deviation for five determinatigris¥ Relative standard deviation.; Theoretical valtmst and F at P = 0.05 are 2.31 and
6.39, respectively.

CONCLUSION

A new, simple and rapid method is proposed for &malysis of two antihypertensive binary mixtureshwi
overlapping spectra. The method involves the geioeraf absorbance ratio spectra followed by meamant of
the ratio difference amplitudes between two cahgfsklected wavelengths. Ideally, these selectedelgagths
should correspond to the peak and the trough inrdtie spectrum in order to achieve the highessisigity. The
proposed method does not require any sophisticagtiematical treatment for the absorption data,iaeghibits
several advantages over other spectrophotometribionte for resolution of binary mixtures. Pertainittg the
simplicity of the method, it can be considered adi@geous over its two lengthier versions; the @gire ratio
method; that involves the additional derivative veugeneration step, and the ratio subtraction naetkdnich
includes a sequence of division, constant subtmactnd multiplication steps. Unlike derivative spephotometry,
this method does not require optimization of thevdgive order and searching for zero-crossing fifinally,
compared to the dual wavelength procedure, theme iseed for the tedious search for two wavelengthesre the
interfering compound exhibits the same absorpitivitompared to the previously reported spectrophetdc
methods for the studied mixtures, the proposed oteil advantageous regarding simplicity of operatamd
sensitivity of measurement. The developed methaxs dhmt require elaborate treatment, sophisticatpdramental
setup or consumption of organic solvents usualBoeisted with HPLC and HPTLC methods of analysise T
applicability of the developed method was validageitl evaluated through the determination of bothgdr

combinations in several laboratory-prepared mixduesd in pharmaceutical tablets with good accuracg
precision.

REFERENCES

[1] Sweetman SC. Martindale - The Complete DrugeRafce, Volume 1, 36edition, The Pharmaceutical Press,
London, UK,2009 pp. 1241-1242, 1307-1311, 1326-1328.

[2] Sultan M.Asian Journal of Chemist3008 20(3): 2283-2292.

[3] Haggag RS, Shaalan RA, Belal TI®urnal of AOAC Internation&201Q 93(4): 1192-1200.

[4] Younes KM.International Journal of Pharmacy and Pharmaceutiaience014 6(4): 362—368.

[5] Belal TS, Shaalan RA, El Yazbi FA, Elonsy S®hromatographia2013 76(23-24): 1707-1720.

128
www.scholarsresearchlibrary.com



Tarek S. Belalet al Der Pharma Chemica, 2014, 6 (4):120-129

[6] Alzoman NZ, Sultan MA, Maher HM, Alshehri MM, l@h IV. Journal of AOAC Internation&013 96(5): 951—
959.

[7] Abdelwahab NSArabian Journal of Chemistryn Press2011, http://dx.doi.org/10.1016/j.arabjc.2011.05.002
[8] Erk N. Journal of Pharmaceutical and Biomedical Anah21 24(4): 603-611.

[9] Smajic M, Vuji¢ Z, Mulavdi N, Brboric J. Chromatographi&2013 76(7-8): 419-425.

[10] Vishnuvardhan C, Radhakrishnanand P, Navalgd@dAtcha KR, Satheeshkumar Ghromatographia2014
77(3-4): 265-275.

[11] Salvadori MC, Moreira RF, Borges BC, AndsadH, Azevedo CP, Moreno RA, Borges NCinical and
Experimental Hypertensia2009 31(5): 415-427.

[12] Shah SA, Rathod IS, Suhagia BN, SavaleF&fel JB.Journal of AOAC Internationg2001; 84(6): 1715—
1723.

[13] Quaglia MG, Donati E, Carlucci G, MazzeoHanali S.Journal of Pharmaceutical and Biomedical Analysis
2002 29(6): 981-987.

[14] Santos MCG, Tarley CRT, Dall'Antonia LH, Sait&ER. Sensors and Actuators B: Chemi@@l13 188: 263—
270.

[15] Vetuschi C, Giannandrea Analytical Letter2003 36(5): 1051-1064.

[16] Shankar MB, Mehta FA, Bhatt KK, Mehta RSgétha M.Indian Journal of Pharmaceutical Scien@303
65(2): 167-170.

[17] Maggio RM, Castellano PM, Kaufman TAnalytical and Bioanalytical ChemistB008 391(8): 2949—-2955.
[18] Belal TS, Daabees HG, Abdel-Khalek MM, Mahrad$, Khamis MM.Journal of Pharmaceutical Analysis
2013 3(2): 118-126.

[19] Ashour HK, Belal TSArabian Journal of Chemistryn Press2013
http://dx.doi.org/10.1016/j.arabjc.2013.06.024

[20] Belal TS, Mahrous MS, Abdel-Khalek MM, Daabd¢&, Khamis MM.Research Journal of Pharmaceutical,
Biological and Chemical Scienc2614 5(2): 552-563.

[21] ICH, Q2A (R1), Validation of Analytical Procades: Text and Methodology, International Confeecon
Harmonisation, Novemb&005
http://www.ich.org/fileadmin/Public_Web_Site/ICH_delucts/Guidelines/Quality/Q2_R1/Step4/Q2_R1__ Gineel
.pdf

[22] Miller N, Miller JC. Statistics and Chemomiesr for Analytical Chemistry, 4 edition, Pearson Education
Limited, England200Q pp. 126-137.

129
www.scholarsresearchlibrary.com



