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ABSTRACT

A multivariate calibration-prediction techniquesinzipal component artificial neural networks (PCANN) were
applied to the spectrometric multicomponent analysi the drug containing hydrochlorothiazide (HCand
amiloride hydrochlorothiazide (AMH) without any segtion step. The selection of variables was stulidfe series
of synthetic solution containing different concatittns of HCT and AMH were used to check the ptiediability
of the PCA-ANN. The results obtained in this itigation strongly encourage us to apply these tephes for a
routine analysis and quality control of the drug.
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INTRODUCTION

Hydrochlorothiazide (6-chloro-3,4-dihydro-2H-1,)énzothiadiazine-7-sulfonamide-1,1-dioxide, HCT) &
diuretic in the body which helps to prevent theaapson by the body of excess salt leads to flietemtion.
Hydrochlorothiazide thiazide diuretics among theugr. In the context of widely used drugs hydroabibiazide
another name that is used to lower high blood pressypertensive drugs is the mostly used. Hydaroltthiazide
in the body sodium, chlorine, and quickly drop yblood pressure by allowing the water to be thrawitkly and
allows to achieve a balance. While doing it helgstiody by lowering blood pressure to return tamadr

Amiloride hydrochloride (N-amidino-3,5-diamino-6dohopyrazine-2-carboxiamide hydrochloride, AMH) is
chemically known type diuretic or other drugs aaliliretik that has nothing to do with a pirazi-campl - guadin
agent is a mixture. Is the salt of a medium striertgtse (pKa: 8.7). Amiloride hydrochloride in theewf medical
drugs as weak natriuretic, diuretic, and showirggahtinypertensive effect is a preventive medisiogium. For the
body amiloride, a diuretic or thiazide showed tidary excretion of magnesium is decreased whed akone [1].

The binary mixtures of HCT - AMH are widely useddiuretic and antihypertensive pharmaceutical fdathons.
The literature contains abundant references to adstifor determining both compounds individually aimd
mixtures with other compounds. Thus, there are p¥csoscopy [2-6], high-performance liquid chrongasphy
[7-12], liquid chromatography-tandem mass specttomgl3] and electrophoretic [14] methods for their
guantitation in mixtures with other analytes ocemplex matrices.

Mostly preferred compared to other common methgetsophotometric methods in pharmaceutical argligsi
simpler and more convenient. However, the stromgrlap of spectral bands exhibited by mixtures cfiva
principles and some excipients in the UV regiomally constraints the application of such methodi@s and these
cases often require the use of separation methialstp spectrophotometric quantification of theabes interest.
To overcome such difficulties, refers to advanckdncometric methods in recent years. Looking atlitbeature,
various chemometric methods are used to overcorasethifficulties. Among them, multivariate calibost
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techniques such as derivative spectroscopy [15,h6korbance ratio spectroscopy [17], differentialse
polarography with PLS calibration [18], UV specthopometry with PLS [19], PCR and PLS [20] etc.

When the literature is examined, these substanmesh& PCA-ANN the application area of the methoerev
observed to have been, and for this reason instbidy, HCT-AMH in pharmaceutical samples for thalgsis of
the mixture of PCA-ANN it was decided that the implentation of the method.

Chemometrics is one of the most important toolsliegpfrequently to optimization of analytical met® Its
advantage is a reduction in the number of experisrat need be executed resulting in lower reagemsumption
and considerably less laboratory work. Furthermdbe chemometric methods allow the development of
mathematical models. These models evaluate stafistignificance of the main factors and interawidetween
them. If there is significant interaction betweewtbrs, the optimal conditions indicated by thevariate studies
will be different from correct results of the muliriate optimization. The larger the interactiofeefs, the greater
the difference that will be found using univariaded multivariate optimization strategies. So thevaniate
procedure may fail since the effect of one varialzle be dependent on the level of other varialsieslved in the
optimization. That is why multivariate optimizatisshemes involve designs for which the levels b¥aiables are
changed simultaneously.

Principal component analysis-artificial neural netlwvwas proposed by Gemperline et all [20] in oreimprove
training speed and decrease the overall calibratioor. This method is performed principal compdramalysis
data obtained from the spectrum before applying thed used in a neural network as a basic compdnethie
original data matrix.

In this study a PCA-ANN calibration method was uskn resolution of mixtures HCT-AMH by UV
spectrophotometry.  Furthermore, the proposed rmdetiso applied to determine HCT-AMH in available
pharmaceutical preparation, their contents beingrig5 mg per tablet respectively.

EXPERIMENTAL SECTION

Apparatus and software

An absorbance measurement was carried out by wsiBfimadzu (Model UV-1700) UV-Visible spectrometer
(Shimadzu, Kyoto, Japan), equipped with 1 cm mataheartz cells, and was used for spectrometric ureagents.
Application of PCA algorithm was supported by tloétware package “Minitab® 16”. The software is teded to
both multivariate analysis and experimental desigd is equipped with several multivariate methdddallows to
optimize the calibration models and to developdation procedures.

The back-propagation neural network algorithm tewels were used in MATLAB (version 8.1, Math Woric)
using NN toolbox. All programs were run on a Pemtipersonal computer, with windows XP home edition.

Commercial product

A commercial pharmaceutical product (Moduretic® IQablet, Fako Pharm. Ind., Istanbul, Turkey) waschased
from local resources and assayed. Its declarecenbmtas as follows: Hydrochlorothiazide 50 mg andilaride
hydrochloride 5 mg, in each capsule.

Chemicals
Hydrochlorothiazide and amiloride hydrochloride wéindly donated by the pharmaceutical industried aere
used without further purification. All solvents arehgents were of analytical reagent grade (Sigmdaéuka).

Standard solutions

Stock solution 50 mg/100 mL HCT and AMH in methamolvater mixture were used to set up the calibnatiet
samples. A concentration set of 28 mixture solioonsisting of HCT and AMH in the concentrationga of 5.0 -
35.0 and 0.5 — 3.5 pg/mL for HCT and AMH in the sasolvent were symmetrically prepared from the areg
stock solutions respectively (Fig.1). Symmetric sktalibration is preferred. The reason for tlEsté minimize
errors in calibration may occur during analysis.check the proposed methods we used an indepevalfdtion
set consisting of the synthetic mixture solutioh8I€T and AMH in the above working concentrationgas.
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Figure 1. Concentration set design for the preparaon of PCA-ANN calibrations

Sample solutions

Pharmaceutical formulations were assayed by weggtiia content of 20 tablets and reducing them e fiowder.
An amount exactly corresponding to the averageetabkight was suspended in methanol + water mixaune
made up to a volume of 100 mL calibrated flaskse $hspension of the flask was mechanically shateB8F min
and filtrated into a 100 mL volumetric flask thrdug 0.45 um membrane filter. The final tablet solutvas diluted
to the working concentration range. The absorptpectra of these sample solution were recordedtHer
application of the PCA-ANN calibrations.

PCA-ANN algorithm
The PCA-ANN algorithm which was developed and wseduin this research can be summarized as follows.

130 experimental data points based on absorpti@ctigp were selected. PCA was used to assess #mmaht
dimensionality of the problem and to extract a dineombination. In the presented PCA, we startexil2@
correlation matrix. The dominant principal compotse(PCs) were used as variables for each samplieed-
forward ANN model with two layers of nodes was domsted. The artificial neuron is the building comment of
ANN designed to simulate the function of biologic&luron. The arriving signals, called inputs, nplitdd by the
connection weighted (adjusted) are first summednfined) and then passed through a transfer funttiautput
that neuron. The activation function is the weigbach of the neuron’s inputs and the most commoséduransfer
function is sigmoid function.

RESULTS AND DISCUSSION

Experimental design of the calibration matrix

Figure 2 shows the absorption spectra for HCT amdHAand their mixture in methanol + water mixture. A
concentration set of 28 mixture solutions consigthHCT and AMH in the concentration range of 53b and 0.5
— 3.5 pg/mL for HCT and AMH in the same solvent eseymmetrically prepared from the prepared stotktisos
respectively (Fig.1). Symmetric set of calibratierpreferred. The reason for this is to minimizeoes in calibration
may occur during analysis. To check the proposeithods we used an independent validation set camgisf the
synthetic mixture solutions of HCT and AMH in theose working concentration ranges.

Optimization of networks variables

A training set of 28 samples was taken (Fig. 1)e Thncentration of HCT was varied between 5 - 30nLg, and
that of AMH was varied between 0.5 - 3.5 ugmiThe spectral range of 200 - 400 nm, with 20G qtints per
spectrum, was selected as the spectral zone wisich the maximum spectral information for invesiiggtthe
components of interest ( Fig. 2).
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Figure 2. Original absorption spectra of Sug/mL HCT, 2.5 pg/mL AMH and their mixture in methanol + water
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Figure 3. Error performance for training of PCA-ANN applied inputs
Method application
The experiment dimension of the calibration, valmla and sample data sets are reduced by PCA methddta
set of size 28x130 (observations x variables) es@nted PCA routine and three output are collectElde first
output is coefficient 130 x130 each column consgstof coefficients for one principal component. Téerond
output is the matrix of principle component scomsch are the data formed by transforming the aagdata into
the space of the principal components. The thirgbutuis a vector containing the eigenvalues of ¢bheariance
matrix of input. Since the first six componentstbé absorbance found to be responsible for 99.9n%e ghe
change in profits was continued using these sixpmrants of the process. An input dataset of siZ286nd
validation 6x14 is presented to the PCA-ANN, whisha two-layered neural network with sigmoid tramsf
functions in hidden and output layers. Figure 3vaghohe error versus number of iteration for tragnof neural
networks.

Statistical parameters

The application competence of a calibration mode&l be explained in several ways. We can also exathiese
results numerically. One of the best ways to de, thy examining the predicted residual error sunsquares
(PRESS). To calculate PRESS we compute the eretvgelen the expected and predicted values foralsdmples,
square them, and sum them together.
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PRESS =Z (Ciadded_Cifound)Z (1)

i=1

Strikingly speaking, this is not a correct way trmalize the PRESS values when not all of the sets contain the
same number of samples. If we want correctly compPaESS values for data sets that contain diffarimgbers of
samples, we should convert to standard error afigtien (SEP), which is given by following formula.

Z (Ciadded _ Ci found)z

SEP =1|-2 2)
n

C added found
i

Where the added concentration of drug @i is the found concentration of drug and n is thalto

number of the synthetic mixtures. The SEP can plea good measure of how well, on average, thératitbn
model performs. Often, however, the performanahefcalibration model varies depending on the dadével.

The standard error of calibration denoted by SE€asents another important quantity and is givelbyus

Z (Ciadded _ Ci found)z

SEC =4[22 ()
n

The values of PRESS, SEP and SEC were calculatbtharresults are presented in Table 1. In the sabie, the
statistical parameters between actual and predmedentrations of HCT and AMH substances in miesgwvere
found by using the experimental data in the cafibneand prediction steps.

Table 1. Statistical parameters for PCA-ANN

Step Parametey HCT AMH
Calibration | SEC 0.5141 0.0026
PRESS 0.2643  0.090p
Slope 1.0003] 1.0007
Intercept 0.0176 0.0084
r 0.9988| 0.9953
Prediction | SEP 0.5394 0.0510
Slope 1.0166/ 0.9815%
Intercept 0.1259 0.0041
r 0.9966| 0.997(Q

Table 2. Recovery results obtained in synthetic mixres for PCA-ANN method

Mixtures addedipg/mL) | Recovery (%)
HCT AMH HCT | AMH
5 3.2 100.56] 99.58
10 3.2 10152 101.04
15 3.2 100.92] 99.94
20 3.2 100.22| 100.02
25 3.2 101.38] 100.0
30 3.2 99.94| 101.2
35 3.2 99.56| 101.58
8 05 99.98| 99.88
8 1.0 99.82 | 101.26
8 15 99.96 | 100.2(
8 2.0 100.29] 99.75)
8 25 100.38] 99.00]
8 3.0 99.88 | 100.6(
8 35 101.20] 100.31
Mean 100.40] 100.3]
RSD' 0.60 0.71

a: Relative Standard Deviation
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Method validation

The validation of PCA-ANN method have been dondhmyr performance for obtaining reliable resultsaoflysis.
Therefore, 14 synthetic mixtures containing HCT &MH in different concentrations levels as showrliable 2
were prepared as an independent validation set.pEheentage recoveries and relative standard dmviatvere
indicated in Table 2. In the recovery study, thenatical values were found satisfactory for thedialiPCA-ANN.
The reliable accuracy and higher precision in ajagilbn of both compounds. During the process ofahalysis,
interference and systematical errors were absent.

To test the selectivity of the methods, the stashdd HCT and AMH was added to the tablet soluti®his
procedure was repeated five times for each coratimrievel. During the process no interferencéhefexcipients
formulation was reported. Therefore, PCA- ANN methapply to proposed in this study are appropriatettie
determination of HCT and AMH compounds in the t&bl@he recovery results presented in Table 3.

Table 3. Recovery results obtained standard addin technique by the proposed PCA-ANN method

Recovery (%
Added to tablet (ug/mL
HCT AMH HCT AMH
3.0 6.0 99.36 99.78
6.0 12.0 99.00 99.12
9.0 18.0 99.88 98.32

Analysis of commercial pharmaceutical

Determination results obtained by the applicatib®GA-ANN calibrations to the tablet solutions caining HCT
and AMH in Moduretic® Oral tablet formulations wesammarized in Table 4. The analysis obtained ftiorae
methods was found satisfactory for the quantitatimalysis of commercial tablet. Moreover, propopeatedures
gave results in agreement with the labeled drugteod when applied on pharmaceutics.

Table 4. Assay results for the commercial pharmaceéical formulation (mg/tablet)

Sample No| HCT| AMH
1 50.10| 5.02

2 50.17| 5.01

3 49.78| 4.99

4 50.12| 5.01
5 49.28| 4.94

6 50.22| 4.94

7 49.99| 4.99

8 50.13| 4.97
9 49.98| 5.01
10 49.87| 4.98
Mean 49.96] 4.99
RSD 0.28 0.22

Claim label: 50 mg HCT and 5 mg AMH/tablet

CONCLUSION

The chemometric technique in spectrometric angly&&A-ANN was proposed for the simultaneous deteation

of HCT and AMH in their binary mixtures. These taxfues were applied with great success to comniercia
pharmaceutical tablets. The resolution of highlgrapping drug mixtures was achieved by the use@A-ANN
technique. A selection of working wavelength havmgh correlation values with concentration duénterference
coming from matrix sample or additional analytesswle the working range. The proposed chemometdlrtiques
can be applied for the routine analysis of druthiatablet formulation without any a priori chentisaparation and
without time consuming.
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