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Abstract : Two multivariate calibration-predic-
tion techniques, principal component regression
(PCR) and partial least squares (PLS) were applied
to the spectrometric multicomponent analysis of the
drug containing Irbesartan (IRB) and Hydrochlorothi-
azide (HCT) without any separation step. The se-
lection of variables was studied. A series of syn-
thetic solution containing different concentrations of

INTRODUCTION

Irbesartan [IRB, 2-butyl-3-[[22 -(1H-tetrazol -5-
yD)[1,12 -biphenyl]-4-yl]- methyl1-3-diazaspiro-
[4,4]- non-1-en-4-one,] isan angiotensin |1 blocker.
Angiotensin |1 receptor antagonistsrepresent arela-
tively new pharmacologica class¥ whichactsmainly
by selective blockade of AT1 receptors and reduces
the effectsof angiotensin|1. They may beused alone
or in combination with other antihypertensiveor di-
uretic agents. Hydrochl orothiazide [HCT, 6-chloro-
3,4-dihydro-2H-1,2,4-benzothiadiazine-7-
sulphonamide-1,1-dioxide,] is a diuretic acting on
distal convoluted tubule. Because of their synergis-

IRB and HCT were used to check the prediction abil-
ity of the PCR and PLS. Theresultsobtained in this
investigation strongly encourage us to apply these
techniquesfor aroutine analysisand quality control
of thetwo drugs. © Global Scientificlnc.

Keywords : Irbesartan; Hydrochlorothiazide;
Spectrometry; Multivariate calibration.

tic anti-hypertensive action, irbesartan and hydro-
chlorothiazide are avail able on the market asacom-
bined dosageform.

The literature survey reveals that several meth-
ods were reported for the individual estimation of
IRB and HCT. Severa methods have been published
for the determination of IRB and HCT in pharma-
ceutical formulations and biological samplesinclud-
ing spectrometry?, spectofluorometrict®4
voltammetry®, HPLC®9 and LC-M S112,

During thelast decade the powerful chemometric
methods principal component regression (PCR) and
partial least-squares (PLS) were used in spectral
dataanalysisfor the mixtures containing two or more
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compounds with overlapping spectra®®*S, These
methods have wide range applications, e.g. spec-
trometric617, chromatographici*® and el ectrochemi-
cal®® quantitative anaysis.

The multivariate calibration techniques use full
spectrum, full automation, multivariate data analy-
sisand the reduction of noise and the advantages of
the selection calibration model. In addition these
multivariate calibrations do not need any separation
procedure, they are very cheap, very easy to apply
and very sensitive. For these reasons these multi-
variate techniques are popular today.

In thisstudy two chemometric methodswere ap-
plied to analyse the synthetic mixtures and tablets
consisting of IRB and HCT in the presence of inter-
ferences of the absorption spectra. The application
of chemometrics alowsthe interpretation of multi-
variate data and is vital to the success of the simul-
taneous determination of the clinical drugs.

EXPERIMENTAL

Apparatus

A Shimadzu (Model UV-1700) UV-Visible spec-
trometer (Shimadzu, Kyoto, Japan), equipped with
1cm matched quartz cells was used for spectromet-
ric measurements.

Sandard solutions

All materials used were of analytical grade.
Stock solutions of 100 mg/100 mL IRB and HCT
were prepared in methanol. The solutions were
stablefor theleast two weeksif they had been stored
4,5
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inacool (< 25°C) and dark place.
Phar maceutical preparations

The commercial preparations; Co-Yrda 4 tablet
(produced by Nobel Pharm. Ind., Turkey, containing
300 mg irbesartan and 25 mg hydrochlorothiazide)
per tablet were analyzed by the proposed
chemometric techniques.

Procedurefor dosageforms

An accurately weighed pulverized tablets
equivalent to 100 mg of the studied drugs was ex-
tracted with 10 mL of M Methanol, diluted with
water, and sonicated for about 15 min. The extracts
were filtered into 100 mL volumetric flasks then
washed and diluted to volume with distilled water.
Aliquots these solutions were transferred into a se-
riesof 10 mL volumetric flasksand theanalysiswere
completed as spectrometric procedure. All thetech-
niques were applied to the final solution.

CHEMOMETRICSMETHODS

PCRandPLS

PCR and PLS are factor analysis multivariate
statistical tools which have many of the full spec-
trum advantages and have been successfully applied
to spectrophotometric analyses of multicomponent
mixtures. PCR and PLS need a calibration step
wherethe modelsfor the spectraand the component
concentrations of the unknown are estimated from
the sampl e spectrum. Both of these methodsinvolve
spectral decomposition. The PCR decompositionis

—1.5ppm

— 8.0 ppm

0

200

05 250

300

350 400

Wavelenghts {(nm)
Figure 1 : Original absorption spectra of 1.5 pg/mL IRB, 8.0 pg/mL HCT and their mixture in methanol
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based entirely on spectral variations without regard
for the component concentrations. In PLS, the spec-
tral decompositionisweighted to the concentration.
The major difference in the predictive abilities of
these two methodsisthat PLS seemsto predict bet-
ter than PCR when there arerandom linear baselines
or independently varying major spectral components
which overlap with the spectral features of the analy-

sis. The optimal of calibration method depend on
the particular experimental conditions. However,
PL S seemsto areasonabl e choice over awiderange
of conditions.

RESULTSAND DISCUSSION

Figure 1 shows the absorption spectra for IRB
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Figure 2 : Concentration set design for the preparation of PCR and PLS calibrations

TABLE 1 : Results obtained for IRB and HCT indifferent synthetic mixtures by using PCR technique

Mixtur e (ug/mL)

Recovery (%)

IRB HCT IRB HCT IRB HCT
0.3 4.0 0.27 4.03 90.88 100.81
0.6 4.0 0.68 433 114.41 100.83
0.9 4.0 0.86 4.04 95.58 101.03
1.2 4.0 1.17 3.97 97.79 99.40
15 4.0 1.51 3.01 101.29 97.90
0.3 8.0 0.27 7.90 91.09 98.85
0.6 8.0 0.58 8.10 96.67 101.32
0.9 8.0 0.86 8.12 96.36 101.56
1.2 8.0 1.21 7.95 101.65 99.44
15 8.0 1.47 7.91 98.56 98.90
0.3 12.0 0.31 11.88 102.27 99.06
0.6 12.0 0.57 11.94 96.07 99.51
0.9 12.0 0.87 12.06 97.35 100.57
1.2 12.0 1.17 12.10 97.50 100.84
0.3 16.0 0.26 15.98 87.54 99.92
0.6 16.0 0.64 15.93 108.10 99.57
0.9 16.0 0.80 16.07 89.81 100.48
0.3 20.0 0.27 19.99 90.29 99.95
0.6 20.0 0.56 20.00 94.79 100.01
X 97.26 100.00
RSD* 6.51 0.96

RSD*: Relative Sandard Deviation.
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and HCT and their mixturein methanol. A concen-
tration set of 19 mixture solutions consisting of IRB
and HCT in the concentration range of 0.3 - 1.5and
4.0—-20.0 pg/mL for IRB and HCT in the same sol-
vent were symmetrically prepared from the prepared
stock solutions respectively (Figure 2). Symmetric
set of calibration is preferred. Thereason for thisis
to minimize errorsin calibration may occur during
analysis. To check the proposed methods we used
an independent validation set consisting of the syn-
thetic mixture solutionsof IRB and HCT inthe above
working concentration ranges. The absorbance data
matrix were obtained by measuring at the 12 wave-
lengths with the intervals AL =5 nm in the 225 —
280 nm spectral region. The prepared calibrations
of three techniques using the absorbance data sets
were used to predict concentration of the unknown
values of IRB and HCT in their mixture. Linearity
rangewas 0.3-12.0 ug/mL for IRB and 4.0-20.0 pg/
mL for HCT inthe multivariate calibration proposed.

A calibration for each technique was computed
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in the MAPLE 7.0 and PLS Toolbox 4.0 software
by using set consisting of two drugs and their absor-
bance data. The multivariate calibrations of three
techniques were used to predict the unknown con-
centrationsof IRB and HCT in the samples.

Some statistical parameters were given for the
validation of the constructed calibrations for the
training set and synthetic binary mixtures of drug.

The application competence of a calibration
model can be explained in several ways. We can
also examine these results numerically. One of the
best ways to do this by examining the predicted re-
sidual error sum-of-squares or PRESS. To calcu-
late PRESS we compute the errors between the ex-
pected and predicted values for all the samples,
sgquare them, and sum them together.

PRESS = é(C.""""l -ci)?
Strikingly speaking, thisis not a correct way to

normalizethe PRESSva ueswhen not dl of thedata
sets contain the same number of samples. If wewant

TABLE 2 : Results obtained for IRB and HCT indifferent synthetic mixtures by using PL S technique

Mixture (ug/mL) Recovery (%)
IRB HCT IRB HCT IRB HCT
0.3 4.0 0.30 4.01 101.75 100.36
0.6 4.0 0.70 4.04 117.65 101.11
0.9 4.0 0.77 4.07 86.60 101.83
1.2 4.0 115 3.97 95.92 99.38
15 4.0 156 3.89 104.11 97.35
0.3 8.0 0.26 7.92 87.59 99.01
0.6 8.0 0.61 8.09 102.11 101.15
0.9 8.0 0.91 8.09 102.16 101.20
1.2 8.0 117 7.98 98.01 99.77
15 8.0 152 7.91 101.70 98.89
0.3 12.0 0.32 11.87 107.60 98.98
0.6 12.0 0.63 11.93 105.47 99.45
0.9 12.0 0.89 12.01 99.51 100.10
12 12.0 114 12.18 95.20 101.50
0.3 16.0 0.30 16.03 100.99 100.23
0.6 16.0 0.65 15.91 108.37 99.44
0.9 16.0 0.84 16.05 94.28 100.31
0.3 20.0 0.30 19.98 10041 99.91
0.6 20.0 0.60 20.00 100.50 100.03
N 100.52 100.00
RSD* 7.10 1.08

RSD*: Rdative Sandard Deviation.
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TABLE 3 : Satistical parameters in the calibration-prediction

Parameter M ethod IRB HCT
PRESS PCR 0.0299 0.0982
PLS 0.0452 0.1156
SEP PCR 0.0397 0.0719
PLS 0.0487 0.0780
r PCR 0.9913 0.9998
PLS 0.9846 0.9998
Intercept PCR -0.0154 0.0019
PLS 0.0023 0.0119
Slope PCR 0.9998 1.0008
PLS 0.9998 0.9846
TABLE 4 : Assay results for the pharmaceutical formulation (mg/tablet)
Drug PCR PLS
IRB
Mean + SD 298.50+1.50 299.48+1.20
HCT
Mean + SD 24.05+2.67 24.5612.42

Results obtained are average of six experiments for each technique; *SD : Sandard deviation

correctly compare PRESS values for data sets that
contain differing numbers of samples, we should
convert to standard error of prediction (SEP), which
isgiven by following formula

i (Codde _ found )2

SEP: i=1
n-1

Where C*“**the added concentration of drug is,

C,™™ is the found concentration of drug and n is

the total number of the synthetic mixtures. The SEP
can provide a good measure of how well, on aver-
age, the calibration mode performs. Often, however,
the performance of the calibration model varies de-
pending on theanalytelevel.

Inthe application of two chemometric techniques
to the synthetic mixtures containing two drugsin vari-
able compositions, the mean recoveries and rela
tive standard deviations for PCR and PLS were
found to be 97.26%, 6.50 and 100.52%, 7.10 re-
spectively for IRB and 100.00% and 0.95, 100.00%
and 1.08 respectively for HCT (TABLE 1 and 2).

According to the added concentration and the
concentration found in samples, the SEP and PRESS
values of PCR and PL S techniques were cal culated
0.0397, 0.0299 and 0.0487, 0.0452 respectively for

IRB, 0.0719, 0.0982, and 0.0780, 0.1156 respec-
tively for HCT (TABLE 3).

Thelinear regression analysis of the added con-
centration and the concentration found in the syn-
thetic mixtures were realized for each drug and for
each calibration technique. In thisregression analy-
sis, the correlation coefficient (r), intercept, slope
and relative standard deviation values were found
satisfactory for the proposed chemometric techniques
in TABLE 3. As can be seen, al the statistic values
indicated that all techniques are convenient for the
determination of two drugsin synthetic mixtures.

A summary of the assay results for the pharma-
ceutical formulationisgiven TABLE 4. Theresults
of al methods were very to each other aswell asto
thelabel value of commercial drug formulation.

CONCLUSION

Two chemometric technique in spectrometric
analysis, PCR and PLS, were proposed for the si-
multaneous determination of IRB and HCT in their
binary mixtures. Thesetechniqueswereapplied with
great successto two commercia pharmaceutical tab-
lets. The resolution of highly overlapping drug mix-
tureswas achieved by the use of PCR and PL S tech-
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niques. A selection of working wave ength having high
correlation valueswith concentration dueto interfer-
ence coming from matrix sampleor additiona anaytes
outsidetheworking range. The proposed chemometric
techniques can be applied for the routine analysis of
two drugsin thetablet formulation without any apriori
chemica separation and without time consuming.
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