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Abstract 

____________________________________________________________________________________________________ 
 
Background: Antihypertensive and diuretic drugs are widely used in patients to 

regulate high blood pressure.   Objective of current study was to prepare various 

cilazapril and hydrochlorothiazide mixtures, to create a matrix effect in the drug 

and to determine the determination of these active substances in drug samples after 

optimum conditions.        

Method: In the spectrophotometric method, 100 mgL−1 solutions were prepared in 

cilazapril, hydrochlorothiazide in methanol + 0.1 m HCl solvent and then mixtures 

of these solutions were prepared between specific ppm. The absorbance’s of the 

solvent against the blind were read at 0.1 nm intervals.  After the mixture, tablet 

(drug) sample was prepared and chemometrics methods were applied to the values 

obtained by saving the absorbance values.  

Results: It was observed that the main component analysis applied as a result of 

spectrophotometric determination of various mixtures of cilazapril and 

hydrochlorothiazide used in the study gave correct results. These results were 

validated using various chemometric parameters.  

Conclusion: The proposed chemometric method can be used in routine analysis in 

industrial laboratories. 

Keywords: Cilazapril, Hydrochlorothiazide, Principal component analysis. 

 

 

INTRODUCTION 

 

The systematic name of the cilazapril (CIL) closed 

formula is C22H31N3O5 (1S, 9S) -9 - {[(2S) -1-ethoxy-

1-oxo-4-phenylbutan-2-yl] amino} -10-oxo-octahydro 

1 H-pyridazino [1,2-a] [1,2] diazepine-1-carboxylic 

acid is given in Figure 1 as the open formula, and is an 

angiotensin converting enzyme (ACE) inhibitor class 

(Thiol and sulfhydryl group) drug free. Cilazapril is a 

drug used in the treatment of hypertension and heart 

failure1. Hydrochlorothiazide (HCT) is a white powder 

with a closed formula C7H8ClN3O4S2 and its systematic 

name is 6-chloro-3, 4-dihydro-2H-1, 2, 4-benzothia- 

diazine-7-sulfonamide 1,1 dioxide, which leads to fluid 

retention in the body. It is a diuretic that helps to 

prevent the absorption of excess salt by the body. 

Hydrochlorothiazide is among the thiazide group 

diuretics2. Figure 1 shows the open formula. Drug 

active substances tend to accumulate in human vital 

organs, which are generally toxic, non-spontaneous in 

nature, and which can move gradually throughout the 

food chain for a long period of time. Studies on the 

determination of active substances in drug samples are 

of increasing interest. In recent years, the scope of 

monitoring and determination of these active 

substances has been increasing.  

 

 
Figure 1:  Structures of the studied compounds. 

 

In this study, various mixtures of cilazapril and 

hydrochlorothiazide were prepared and matrix effect 

was formed in the drug and optimum conditions were 

determined. These optimum conditions were then used 

in the determination of the drug samples of these active 

substances. As it is known, the combination of 
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cilazapril and hydrochlorothiazide in pharmaceutical 

formulations is usually given as an antihypertensive 

and diuretic agent to patients with high blood pressure. 

On the other hand, quality control of these drugs in 

commercial pharmaceutical tablets is important2. For 

this, especially in recent years, various chemometric 

calibration techniques have been applied3-6. Several 

researchers have used these techniques simultaneously 

for binary analysis and a triple mix. Several analytical 

procedures have been described for concurrent 

determination of hydrochlorothiazide, benazepril 

hydrochloride, Triamterene and cilazapril in mixtures 

with other drugs, including spectrophotometry7-9. 

The multivariate calibration methods, which are widely 

used today, use all the advantages of the selected 

calibration model, such as using the entire spectrum, 

simplifying the automation process, and minimizing 

the noise that may occur in the environment. In 

addition, these methods do not require any separation 

process, they are very popular today due to their easy 

application and precision. 

 

 
Figure 2: CIL, HCT and their mixtures in 

methanol. 

 

In the study, principal component analysis method, 

which is a powerful chemometric method, was applied 

for the combined analysis of SIL - HCT as an active 

substance, which is used as a hypertension drug. The 

application of the chemometric method is very 

important in interpreting multivariate data and 

determining the simultaneous determination of drugs. 

 

MATERIALS AND METHODS 

 

At this stage of the study, 100 ppm SIL (Aldrich, 

Steinheim, Germany) and HCT (Aldrich, Steinheim, 

Germany) stock solutions were prepared in methanol 

(Merck, Darmstadt, Germany) solvent to form the 

calibration set and a symmetrical concentration set was 

prepared from this. The most important reason for 

preparing a symmetrical calibration set is to prevent 

vital errors that may occur during analysis. An 

independent validation set was used to test the 

application of the applied principal component 

regression chemometric method. “Minitab 16” 

software was used to perform the PCR method. 

 

RESULTS AND DISCUSSION 

 

Principal Component Regression  

PCR is a multivariate method that includes factor 

analysis. Its biggest advantage is that it is applied to the 

entire spectrum. When performing PCR, it involves a 

calibration step and spectral separation for all models 

in the spectrum and where the unknown component 

content is estimated from the sample spectrum. PCR 

separation is based on spectral changes as a whole, 

regardless of the content of the component. Of course, 

the optimal calibration method varies depending on the 

particular experimental conditions as with other 

methods. 

Method development 

The overlapping spectra of CIL and HCT are shown in 

Figure 1. As can easily be seen from the spectrum, it is 

not possible to determine both compounds together by 

classical spectroscopic methods. In such cases, 

chemometry helps us and we try to overcome such 

problems with various chemometric methods. 

Therefore, principal component regression has been 

successfully applied in this study, preferring the 

chemometric method. 

Chemometric parameters 

The application capability of a calibration model can 

be explained in several different ways and the results 

obtained can be examined numerically. One of the 

most used of these models is to examine the estimated 

residual error squares (PRESS). To calculate PRESS, 

the general formula given below is applied. 

 

PRESS =  

It should be kept in mind that there is no correct way to 

normalize the PRESS values, since not all of these 

studied data sets contain an equal number of samples. 

In such case, the conversion should be made to the 

standard prediction error (SEP) formula given below. 

 

SEP =  

The resulting SEP value is an important indicator of the 

performance of the calibration model. A small 

drawback of this value, the performance of the 

calibration model is variable depending on the analyte 

concentration. Calibration parameters for this study 

were calculated and shown in Table 1.  

 

Table 1: Statistical parameters for PCR  
PCR 

Step Parameter CIL HCT 

Calibration SEC - - 

 PRESS 0.0658 0.0458 

 Slope 1.0000 0.9999 

 Intercept 0.0118 0.0220 

 r 0.9999 0.9999 

Prediction    

 Slope 0.9952 0.9692 

 Intercept 0.0124 0.0382 

 r 0.9999 0.9999 

 

As can be seen from the same table, the parameter 

between actual and estimated concentration of the 

mixture in CIL and HCT in values are given. 
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Method validation 

The accuracy of the principal component regression 

method applied by preparing a mixture containing 15 

different concentrations of CIL and HCT was 

determined by the performance of the reliable results 

obtained from the analyzes. Table 2 shows the 

recoveries and standard deviations obtained in the 

study. As can be seen here, the applied basic 

components of the numerical values obtained from 

regression method it is already appropriate. Both 

compounds gave very high accuracy and precise results 

and analysis process, it was determined that any 

intervention or systematic errors. 

 

Table 2: Recovery values for the applied 

chemometric method. 
Mixtures added 

(μg/ml) 

Recovery (%) 

CIL HCT CIL HCT 

2.0 0.2 99.98 99.86 

4.0 0.4 99.86 100.04 

6.0 0.6 100.02 100.00 

8.0 0.8 100.08 100.14 

10.0 1.0 100.00 100.08 

5.0 0.2 100.04 100.04 

5.0 0.4 99.68 99.96 

5.0 0.6 100.12 100.02 

5.0 0.8 100.10 99.88 

5.0 1.0 99.98 100.06 

2.0 0.5 100.02 100.04 

4.0 0.5 100.00 100.02 

6.0 0.5 100.04 100.00 

8.0 0.5 99.98 99.98 

10.0 

Mean 

RSDa 

0.5 

 

100.02 

99.99 

0.1062 

100.00 

100.01 

0.0708 

RSDa : Relative Standard Deviation 

 

CONCLUSIONS 

 

In this study, PCR, a powerful chemometric technique, 

was proposed for the simultaneous determination of 

CIL and HCT in binary mixtures. This technique has 

been successfully applied to pharmaceutical products. 

Solubility of the overlapping drug mixtures was 

achieved using PCR techniques. Consider the choice of 

wavelength having a high correlation value with the 

concentration of additional matrix due to interference 

from outside the operating range of sample or analyte. 

Recommended chemometric methods, without any 

preliminary chemical separation and was found to be 

applicable for routine analysis without the time the 

pharmaceutical formulation. 
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