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ABSTRACT

Four methods namely, first-derivative of ratio dpacbivariate, thin layer chromatography and
high performance liquid chromatography were used ¢®termine valsartan and
hydrochlorothiazide simultaneously in their pharmatcal dosage forms. The derivative ratio
spectra method was based on measuring the peaktadgd for valsartan at 233 nm and 253
nm using 0.4pg mthydrochlorothiazide as a divisor. Bivariate methisdised for simultaneous
determination of both drugs by measuring the absock at the selected wavelengths. A TLC
separation with densitometric detection of bothgdrwas achieved using chloroform: methanol:
ammonia [8:2:0.1, v/v/v] as developing solvent. thermore, a high performance liquid
chromatographic procedure with ultraviolet detectiat 225 nm was developed for the
separation and determination of the studied drugsgi a Gs column. The mobile phase is
composed of 0.02 M phosphate buffer (pH 2.9): auttii®: methanol [50: 40: 10, v/v/v]. The
proposed methods were successfully applied fod#dtermination of the studied drugs in their
mixtures and in pharmaceutical formulations coniagnthem.

Keywords: Valsartan; Hydrochlorothiazide; Ratio spectrayaiate; TLC & HPLC.

INTRODUCTION

Valsartan [VAL],is N-[p-(o-1H-Tetrazol-5-ylphenyl)benzylN-valeryl-L-valine [1]. It is an
orally active angiotensin Il receptor blocker effee in lowering blood pressure in hypertensive
patients [2], figure 1.

Fig.1. Structural formula of valsartan [VAL]
M.W. [C 24H29NsO3= 435.5]
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Hydrochlorothiazide [HCZ], is 6-Chloro-3,4-dihyd@&ii-1,2,4-benzothiadiazine-7-sulfonamide
1,1-dioxide [1]. It is a diuretic that is widely et in antihypertensive pharmaceutical
formulations, figure 2. It decreases active sodrerabsorption and reduces peripheral vascular
resistance [2]. It is used in association with otireigs in the treatment of hypertension.
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Fig.2. Structural formula of hydrochlorothiazide [H CZ]

Simultaneous determination of both drugs is highdgirable and could be more cost-effective
than separate assays. Many methods were develapethd simultaneous determination of
valsartan and hydrochlorothiazide in tablets. Thas¢hods include spectrophotometric methods
[3-5], HPLC [6-8] and TLC [9]. In modern analyticboratory, there is always a need for
simple, rapid and accurate methods for simultanemisrmination of drug combinations that
could be used for routine analysis. The presentkkvesmed to develop simple instrumental
methods for the quantification of VAL and HCZ inlbuorm or in their pharmaceutical
formulations. These methods include spectroscopithaads and chromatographic methods;
namely TLC densitometry and HPLC. The present work dbsesr simple, applicable and
validated methods for simultaneous determinatiotme$e drugs in tablets.

MATERIALS AND METHODS

Instruments

A dual-beam UV-visible spectrophotometer [Shimadiapan] model UV-1601 PC, with 1cm
quartz cells, connected to an IBM compatible commpwtas used. Bundled, UV-PC personal
spectroscopy software version 2.21 was used taepsdtie absorption and the derivative spectra.
The spectral bandwidth was 2nm with wavelength-sicanspeed of 2800 nm mih

TLC plates [20 cm x 10 cm, 0.25 mm] coated withcailgel 60 B4 [Merck, Germany] were
used.

Camag TLC scanner 3 S/N 130319 with WinCATS sofenaard Camag Linomat 5 auto sampler
[Muttenz, Switzerland] with Camag micro syringe (10L] were used.

The chromatographic apparatus (Shimadzu class-vd2/6P4) consisted of a model 1050
solvent delivery system and a UV detector. The isgtjom was performed on a Supelc85i{150
mm x 4.6 mmj.d. 5 pum) column. The samples were injected by theofia 100 puL Hamiltofi
analytical syringe.

Materials and reagents

Reference VAL and HCZ standards were kindly suppbg Global Napi Co., [6 October City,
Egypt]. The purity of VAL was found to be 100.0D#5% (n=6), while that of HCZ was found
to be 99.6 £ 0.38 % (n=6) according to the offickk8P method [10]. Acetonitrile and methanol
were HPLC grade and were supplied by Sigma Aldr&mmonia, chloroform and potassium
dihydrogen phosphate were of analytical grade. iRhegutical dosage form [Co-Tareg 80/12.5
& Co-Diovan160/25] tablets were kindly suppliedMgvartis Pharma, Cairo, Egypt.
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Standard solutions

Stock standard solutions of VAL and HCZ [0.1 mg Tilin methanol were prepared for the
spectroscopic methods. Stock standard solutio&sing mL* of VAL and 0.1 mg m[* of
HCZ were prepared in the mobile phase for the HRigthod. Stock standard solutions of 1 mg
mL™* VAL and 1 mg mL*of HCZ were prepared in methanol for the TLC meth@itisolutions
were freshly prepared on the day of analysis.

Procedures

Spectroscopic methods

Derivative ratio spectrophotometric method

Aliquots from standard stock solutions of VAL an@H were transferred into a series of 100-
mL volumetric flasks. The volume was completed witlfethanole to prepare solutions in
concentration ranges of 1-9 pg MLVAL and 0.1-3.6 ug ml* HCZ. The spectra of the
prepared solutions were scanned from 200 nm torw®@nd stored in the computer. The stored
spectra of VAL were divided (amplitude at each wergth) by the spectrum of 0.4 pg mlof
HCZ. The first derivative of the ratio spectt®D) with AA= 4 nm and a scaling factor = 10 was
obtained. The amplitudes of the first derivativakseof VAL were measured at 233 nm and 253
nm. Calibration graphs were constructed relating fieak amplitudes of'MD) to the
corresponding concentrations. The regression empsatvere then computed at the two specified
wavelengths and used for determination of unkncavnes of VAL.

Bivariate method

Several dilutions of the two drugs were made frova $tock solutions and were used for the
bivariate calibration. Spectra of the obtained sohs were recorded and stored into the
computer. The regression equations were computed®2&t8 nm and 269.6 nm. The
concentrations of VAL and HCZ were calculated uding parameters of the linear regression
functions evaluated individually for each componanthe same wavelength and substituting in
the following equations:

CvaL = Maz2 (Aag1 - €ag1) + Ma1 (€as2 - Aag2)/ Maz M1 - Ma1 Ma2
Chicz =Ans1 - €s1 -Me1 CyaL / Ma1

Where,Aas1 andAag, are the absorbance ofakd Bati1l andA2, respectivelyeag: andeag, the
sum of the intercepts of the linear calibratiotvat wavelength&1l andi2 (€as1 = €a1 + €31), Ma
and m, are the slopes of the linear regressions @nig the concentrations [pug mil. The
accuracy of the results was checked by applyingptbposed bivariate method for determination
of different samples of pure VAL and HCZ. The camications were obtained from the
corresponding regression equations from which p¢age recoveries were calculated.

Chromatographic methods

TLC-densitometric method

Aliquots of 1-30pug spot™ of VAL standard solution and of 0.548 spot' of HCZ standard
solution [each, 1mg mi] were applied in the form of bands on TLC plafEse band length was

4 mm and dosage speed was 150 fl_tBe bands were applied 12.8 mm apart from eduér ot
and 15 mm from the bottom edge of the plate. Lirrsaending development was performed in a
chromatographic tank previously saturated with ftrm: methanol: ammonia [8:2:0.1, v/v/V]
for 30 minutes at room temperature. The developaigp were air-dried and scanned at 225 nm
using deuterium lamp, absorbance mode at 3 mmXx @ slit dimension and scanning speed
of 20 mm S Calibration curves relating the optical densifyeach spot to the corresponding
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concentration of VAL and HCZ were constructed. Tégression equations were then computed
for the studied drugs and used for determinatiomnéhown samples.

High performance liquid chromatographic method

Linearity

Aliquots from stock standard solutions [0.4mg thiof VAL and [0.1 mg mLCY] of HCZ were
transferred into a series of 10-mL volumetric fskhe contents of each flask were completed
with the mobile phase to volume to get a conceinfmaange of 12-36 pg i for VAL and 2-9

g mL* for HCZ.

The samples were then chromatographed using thewfo chromatographic conditions:
stationary phase: a 150 mm x 4.6 mm i.d. C18 Sop#l® um analytical column. The mobile
phase consisted of 0.02M phosphate buffer (pH 2&tonitrile: methanol (50: 40: 10, v/viv).
The mobile phase was prepared daily, filtered &caed before use and delivered at a flow rate
of 1.4 mL min®. [isocratically at ambient temperature (~Z5] with UV detection at 225 nm.
The injection volume was 50 pL. The regression gguna were computed and calculations were
performed following the external standard technjogcencentrations of unknown samples of
VAL and HCZ were determined using the obtainedesgion equations

Analysis of laboratory prepared mixtures

Laboratory prepared mixtures containing differattas of VAL and HCZ were analyzed using the

suggested methods, aliquots of VAL and HCZ wereenhito prepare different mixtures and proceed
as mentioned under each method, the concentrdftions the corresponding regression equations
were then calculated.

Assay of pharmaceutical formulations [Co-Tareg 80/2.5 & Co-Diovan160/25 tablets]
Twenty tablets were weighed from each dosage famththe average weight was calculated,
tablets were crushed to furnish a homogenous poadercertain amount of powdered tablets
were dissolved by the aid of an ultrasonic bath Zdnours and filtered. The solutions were
diluted to the same concentration of the appropnatrking solutions and proceed as described
under each method.

RESULTS AND DISCUSSION

Spectroscopic methods
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Fig.3. Zero-order spectra of 12.5 ug m: HCZ (.....) and 80 pgmL* VAL (—).
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Derivative-ratio spectra method

The derivative-ratio spectroscopy is a useful taofjuantification of drugs. It could be applied
for the determination of VAL in presence of HCZ. eTlabsorption spectrum of VAL is
overlapped with that of HCZ (Fig.3) and the smailhtent of HCZ and the high content of VAL
in the commercial tablets (1:6) increase the difficof simultaneous determination of VAL and
HCZ.

It could determine VAL in the presence of very loancentration HCZ than the first derivative
method does. The zero-order of the ratio spectshasvn in figure 4 while the first order of the
ratio spectra is presented in figure 5.
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Fig.4. Zero-order ratio spectra of different concetration of VAL (using 0.4pgmL ™ HCZ as divisor)
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Fig.5. first-order of ratio spectra of different concentration of VAL (using 0.4pgmL*HCZ as divisor)
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It was found that upon dividing by 0.4 pgmlof HCZ, best results were obtained in terms of
sensitivity, repeatability and signal to noiseaatiinear calibration graph was obtained for VAL
in concentration range of 1-9 pgnilby recording the peak amplitudes at 233 and 253isiny
0.4 pg mL* of HCZ as a devisor. The regression equations wa@mputed and found to be:

DD =3.6077 C +1.9225 4r 0.999), at 233 nm
'DD=1.68C +0.722 t=0.999), at 253 nm.

Where, 'DD is the peak amplitude of the first derivativeioacurve for (VAL/HCZ), C the
concentration of VAL (ug mL) andr? is the correlation coefficient. The precision ofth
proposed method was checked by the analysis @rdift concentrations of authentic samples in
triplicates. The mean percentage recoveries wenadido be 99.83 + 0.54 at 233 nm and
100.32+0.57 at 253 nm. The linearity ranges andyaocal data for the calibration graphs are
listed in table 1. Results for analysis of labonajorepared mixtures with different proportions
of the two drugs are given in table 2.

Bivariate method

The bivariate calibration method may be competitared in some cases even superior to
commonly use derivative spectrophotometric methaslsapplied for the resolution of binary
mixtures. The advantage of bivariate calibrationthrod is its simplicity and the fact that
derivatization procedures are not necessary. Urdtker chemometric techniques, there is no
need for full spectrum information and no data pesing is required. Calibration function was
calculated ( > 0.9990),mi- and ei-values were taken for the bivariate algorithm.ohder to
apply the bivariate method to the resolution ofabynmixture of VAL and HCZ, we first select
the signals of the two components located at sielemgths; 207, 225.8, 241.8, 250, 269.6, and
286.6 nm. The calibration curve equations and tlesipective linear regression coefficients are
obtained with the aim of ensuring that there ignadr relationship between the absorbance
values and the concentrations. All the calibrattomves at the selected wavelengths showed
satisfactory linear regression coefficients>(0.9990). The slope values of the linear regressio
were estimated for both components at the selegtaelengths and used for determination of
the sensitivity matricek, proposed by Kaiser's method [11].The determinahthiese matrices
were calculated and the wavelength set was seléotedhich the highest matrix determinant
value was obtained. For the bivariate method detation of VAL and HCZ was done using
225.8 nm and 269.6 nm.

The linearity ranges are listed in table 1. Resnfltanalysis of laboratory-prepared mixtures with
different proportions of the two drugs are givenahle 2.

Chromatographic methods
TLC-densitometry
A TLC-densitometric method could be used for thmwianeous determination of VAL and
HCZ without prior separation. Different solvent ®ms were tried for the separation of both
drugs. Satisfactory results were obtained by usingnobile phase composed of chloroform:
methanol: ammonia [8:2:0.1, v/v/v] where Rf = 0d®d 0.51 for VAL and HCZ, respectively.
The separation allowed the determination of VAL &hdZ with no interference, fig. 6. The
linearity was confirmed by plotting the measuredakpearea versus the corresponding
concentrations at 225 nm over a range of 1t§Gpot" for VAL and over a range of 0.5:§
spot* for HCZ, where a linear response was obtainedessipn equations were found to be:
A=2.68 C + 3.90 r =0.9995 for VAL
A=0.982 C +0.447 r =0.9995 for HCZ
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Where, A is the integrated area under the peak *aOVAL and HCZ, C is the concentration in
ug spot and r is the correlation coefficient.

The precision of the proposed method was checkatidognalysis of different concentrations of
authentic samples in triplicates. The mean pergentacovery was found to be 99.94 for VAL
and 100.74 for HCZ.

Fig.6 TLC-densitometric resolution of VAL (substane 1) and HCZ (substance 2)
To assess the specificity, accuracy and selectofitthe TLC method for assay of both drugs

without interference from one another, syntheticxtores of VAL and HCZ at various
concentrations within the linearity range were jprep and analyzed.

VAL

Retention time (min.)

Fig.7. Liquid chromatographic separation of HCZ (219 min.) from VAL (4.69 min.).
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HPLC method

A simple isocratic high-performance liquid chrongmphy method was developed for the
determination of VAL and HCZ in pure form and ingpmaceutical formulations using a 150

mm X 4.6 mm, i.d. & Supelcos

i

M 5um analytical column. The mobile phase consisted of

0.02M phosphate buffer (pH 2.9): acetonitrile: nagibl [50: 40: 10, v/viv]. The mobile phase
was prepared daily, filtered & sonicated before aise delivered at a flow rate of 1.4 mL frin

[isocratically at ambient temperature (~25)] with UV detection at 225 nm. The injection
volume was 50 pL. HCZ and VAL were well separatad the average retention time for HCZ

was 2.19 min. while that of VAL was 4.69 min. aswh in figure 7.

The linearity of the detector response for bothgdrwas determined by plotting peak area ratios
to the external standard versus concentration. liflearity ranges and analytical data for the
calibration graphs are listed in table 1. Calilmatyraphs were obtained by plotting the peak area
ratios of drug to that of external standard versoscentrations of VAL and HCZ. Linearity
ranges were found to be 12-8§ mL™ for VAL and 2-Qg mL* for HCZ using the following
regression equations:

A =0.0845C + 0.017
A =436 C+0.140

[r=0.9995] for VAL
[r=0.9995] for HCZ

Where, A is the peak area ratio, C is the conctotraf VAL and HCZ [ig mL"] and r is the
correlation coefficient. The precision of the methavas evaluated by repeating three
experiments on the same day (within-day precisang) over 3 days (day-today precision). The
variability in the peak area ratios on the concgiun of 24 pg mL* of VAL and 4pg mLC* of
HCZ was determined as the precision of the asshg.rélative standard deviation values from
intra-day and inter-day analysis were found to (&2 and 1.59% for VAL, and 0.52 and 1.04%
for HCZ, respectively. Results for HPLC analysidaidforatory-prepared mixtures with different
proportions of the two drugs are given in tableThe robustness of the HPLC method was
investigated by analysis of samples under a vawoétgxperimental conditions such as small
changes in the pH [4-4.5], small changes in phaspbaffer / methanol / acetonitrile ratio in the
mobile phase and changing the analytical columnguai1l50 mm x 4.6mm i.d;gZorbax™ 10
um analytical column, Agilent [USA]. The effect ostention time and peak parameters was
studied. It was found that the method was robustnwime column and the mobile phase ratio
were varied. During these investigations, the itetartimes were modified, however the areas
and peak symmetry were conserved.

Table 1. Assay parameters and validation sheet fatetermination of VAL and HCZ

Derivative ratio method

Bivariate method

Parameter at 233 nm| at 253.7 nm at 225.8 nm at 269.6 nm HPLC TLC -Densitometry
Range (ug m) VAL VAL VAL HCZ | VAL | HCZ | VAL | HCZ | VAL HCZ
1-9 1-9 059 | 02-36| 059 | 02-36| 12-36 | 2-9 | 1-30 | 0509

Siope 3.608 1.68 0.04228] 0.7325 | 0.0126| 0.7227 | 0.0845| 4.36 | 2.681 | 0.982
Intercept 1.923 0.722 0.019 | -0.0042| 0.0001 -0.0028| 0.0173 0.14 | 3.0 0.477
Mean 100.34 99.81 99.99 | 99.25 | 99.96 | 99.90 | 99.99 | 9955 99.96| 100.48
SD 1.37 1.24 035 | 094 | 0235| 0572 | 056 | 0.99 | 0.38 1.30
CV % 1.37 1.24 035 | 095 | 0.235| 0573 | 056 | 0.99 | 0.38 1.29
Correlation coefficient _ 0.999 0.999 | 0.9993 | 0.9996 | 0.9993| 0.9996 | 0.999 | 0.999| 0.9991 | 0.999

Analysis of tablets
The validity of the proposed methods for the analg$ the pharmaceutical formulations and the
effect of possible interferences from common exaifs were studied by assaying Co-Tareg
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tablets (labeled to contain 80 mg of VAL and 12& oh HCZ per tablet), and Co-Diovan tablets
(labeled to contain 160 mg of VAL and 25 mg of H@eat tablet).

Table 2. Determination of VAL and HCZ in laboratory prepared mixtures by the proposed methods.

Drug Derivative ratio method Bivariate method TLC HPLC
determined at 233 nm at 253 nm at 225.nm at 269.6 nm
VAL 100.15+£0.72| 100.13+0.74| 99.99+0.69 | 99.96+0.33| 98.79+1.02| 100.00 + 0.59
HCZ 99.25+0.98 | 99.21 +0.86| 99.58+ 0.97 99.90 + 0.6
CONCLUSION

The proposed methods are accurate and preciseoai! lme used for determination of VAL &
HCZ in their mixtures and in their pharmaceuticainfulations without prior separation. The
most striking feature of the spectrometric methasistheir simplicity and rapidity. For
spectroscopic methods there was no need for timstroing sample preparation steps such as
filtration, degassing that are needed for the HRlt@edure. The HPLC method is a versatile
reference method and may offer advantages overddrevative method for the selective
determination. The TLC-method has some advantageasHPLC such as a short run time, large
sample capacity and minimal volume use of solVé@rith these two methods, one can gain the
advantages of speed, low-cost, and environmenté@ion without sacrificing accuracy.
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