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ABSTRACT: A new Fourier Transform-Infra Red (FT-IR) spectrometric method was developed  
for assaying hydrochlorothiazide (HCT) and enalapril maleate (ENM) in binarysolid pharmaceutical 
formulations. Multivariate Partial Least Squares (PLS) method was used for calibration of derivative 
spectral data. Acetonitrile was used as solvent due to its spectral transparency and adequate 
solubility of analytes in it. A 4- levels full factorial design of binary standard solutions of HCT and 
ENM were prepared and used for calibration in the spectral range of 1550-1800 cm-1. Statistical 
parameters such as correlation coefficient(R), Standard Error of Estimation (SEE), Standard Error of 
Prediction (SEP), and Standard Error of Cross Validation (SECV) have been evaluated and used 
for selecting of optimizing of parameters. Correlation coefficients were 0.9990 and 0.9995 and Relative 
Standard Deviation (RSD) were 1.97% and 1.35% (n=5) for HCT and ENM, respectively. Detection 
limits of ENM and HCT were obtained 0.54 and 0.99 mg/mL respectively. The proposed methods 
were successfully applied to the determination of the over mentioned drugs in laboratory-prepared 
mixtures and in commercial tablets. This method has suitable accuracy, precision, repeatability and 
is comparable with reference standard methods. 
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INTRODUCTION 
Enalapril maleate (ENM), {N-[(S)-1-ethoxycarbonyl-

3-phenyl propyl]-L-alanyl}-L-proline hydrogen maleate (1) 
(Fig. 1), is an angiotensin-converting enzyme inhibitor  
 
 
 

used in the treatment of hypertension and heart failure.  
It is also used to reduce the incidence of coronary 
ischemic events, including myocardial infarction (1).  
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Fig.1: Structural formula of (top) ENM and (bottom) HCT. 

 
Hydrochlorothiazide (HCT), 6-chloro-3,4-di hydro-2H-
1,2,4-benzothiadiazine-7-sulfonamide-1,1-dioxide [1] (Fig. 1), 
is a diuretic of benzothiadiazine class, extremely useful  
in the treatment of edema, hypertension and hypercalciuria [2]. 
A new combination dosage form containing ENM and 
HCT is indicated for the treatment and management of 
edema and hypertension.  

A literature review revealed that several methods  
have been described for the determination of ENM in pure 
forms and in pharmaceutical preparations including 
spectrophotometry [3-5], spectrofluorimetry [6], capillary 
electrophoresis [7] and High Performance Liquid 
Chromatography (HPLC) [8-10]. Regarding HCT, 
various methods have been reported for its determination, 
such as spectrophotometry [11, 12], derivative 
spectrophotometry [13-15], HPLC [16, 17] and liquid 
Chromatography-Mass Spectrometry (LC–MS) [18, 19]. 
Different methods were reported in the literature for  
the determination of ENM and HCT in their co-formulated 
tablets relied on spectrophotometric methods [20], 
derivative spectrophotometric method [21, 22], capillary 
electrophoresis [23], High Performance Thin Layer 
Chromatography (HPTLC) [24], HPLC methods for their 
determination, either alone or in the presence of other 
cardiovascular agents [25, 26] and Ultra Performance 
Liquid Chromatography (UPLC) [27]. 

All these techniques require lengthy labor intensive 
procedures which could not be ideal for routine analyses 
in quality control laboratories. FT-IR spectroscopy is  
a simple, rapid and non-destructive technique which  

is playing a great role for the rapid determination of 
various components present in the simple as well as 
complex matrices [28-30]. Initially FT-IR Spectroscopy 
was considered as a qualitative too but since last  
two decades tremendous quantitative work has been published. 
Thus FTIR spectroscopy along with chemometrics  
can be applied efficiently from raw material identification 
to final product analysis of pharmaceutical formulations. 
Non-destructive and fast analytical nature of FT-IR 
spectroscopy can be exploited in an advantageous manner 
in wide range of applications in modern industries.  
In spectral analysis quantitative calibration techniques like 
chemometrics has been regarded as an important tool 
while monitoring quality and quantity of drugs  
in pharmaceutical formulations or biological systems,  
as it provides the advantage of not requiring any separation 
procedure in analysis of two or more drugs having 
spectral overlapping [31, 32]. 

The enalapril maleate –hydrochlorothiazide mixture  
is not yet official in any pharmacopoeia. To our knowledge, 
no infrared spectrometric methods have been described 
for the simultaneous determination of both drugs  
in tablets. Therefore, it is desirable to develop a simple and 
fast procedure that could be applied in quality control 
laboratories for the determination of both drugs  
in the presence of each other. In this report, a FT-IR based 
method is investigated for the quantification of both 
drugs in their solid dosages. The utility of developed 
method to determination the content of both drugs  
in commercial tablets is also demonstrated. 
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EXPERIMENTAL SECTION 
Apparatus  

A Vector 22 FT-IR spectrometer from Bruker 
(Ettlingen, Germany) equipped with a DTGS mid-range 
detector, a Ge/Sb2S3-coated KBr beam splitter and  
a Global source was employed for spectral measurements. 
Version 4 of Opus software developed by Bruker,  
was employed for spectral measurements. Omnic 1.2 and 
Quant IR 1.2 software packages from Nicolet(Madison, 
USA) were used for acquisition of the spectra, statistical 
treatment of data and performing the PLS method, 
respectively. Infrared spectra were obtained by 
accumulating 32 scans at a resolution of 4 cm-1.  
A transmission flow through cell, which was assembled 
using zinc selenide (ZnSe) windows  and a 0.5 mm 
Teflon spacer in cell body(b=0.5mm), was used for 
experiments.  
 
Reagents and samples 

Authentic enalapril maleate and hydrochlorothiazide 
were used as purchased. The purity of both drugs  
as assessed by the USP XXII methods was 98.5% and 
99.1% for enalapril maleate and hydrochlorothiazide, 
respectively. All solvents and reagents were of analytical 
grade and used without further purification.  
An orthogonal design with a training set of standards 
containing ENM and HCT at four concentration levels 
covering a total of 16 standard solutions, based on the 
model 42 standard was taken [34]. The compositions of 
these binary mixtures used in the calibration matrix 
design are summarized in Table 1. Seven more binary 
standard solutions were prepared for evaluation of  
this calibration matrix design by mixing different weights 
of two calibration samples. The composition of these  
two validation set is also shown in Table 1. Each standard 
sample was prepared by dissolution of accurately 
weighted amounts of ENM and HCT in the suitable 
solvent. 

 
Procedure 

Each sample was injected into the cell by a glass 
syringe. IR spectra were collected at a nominal resolution 
of 4 cm-1 with 32 scans. The spectrum of solvent  
was applied as background. The pharmaceutical samples 
were accurately weighed and grinded in mortar until  
fine powder was obtained. Accurately weighted amounts   
 

Table 1: Concentration data for binary standard solutions 
used as calibration set (1-16) and validation set (17-23). 

Concentration, mg/mL 

Standard solution 
HCT ENM 

0.00 0.00 1 

0.00 2.00 2 

0.00 5.00 3 

0.00 7.00 4 

3.00 0.00 5 

3.00 2.00 6 

3.00 5.00 7 

3.00 7.00 8 

5.00 0.00 9 

5.00 2.00 10 

5.00 5.00 11 

5.00 7.00 12 

8.00 0.00 13 

8.00 2.00 14 

8.00 5.00 15 

8.00 7.00 16 

5.50 6.00 17 

5.50 4.50 18 

4.25 3.50 19 

4.75 3.75 20 

4.50 3.25 21 

6.50 6.00 22 

5.00 4.50 23 
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of the powders were dissolved in the solvent and the 
prepared solutions were injected to the cell for spectral 
recording. 
 
RESULTS  AND  DISCUSSION 
Selection of Solvent and Spectral region 

Acetonitrile was selected as best choice for the 
dissolution of both drugs due to its relative spectral 
transparency in selected  spectral range, good solubilities 
of ENM and HCT in it and negligible spectral 
interferences of drug excipients. Fig. 2 shows the 
absorbance spectra of HCT and ENM in wavenumber 
range of 4000 – 500 cm -1 in solid form (as KBr disk)  
in comparison with the absorption spectrum of solvent 
acetonitrile.  

Acetonitrile shows relative transparencies in  
1900-1500 cm-1 range which included several intense 
absorption bands of ENM and HCT. Therefore the over 
mentioned spectral regions were used for the calibration 
study. 
 
PLS Calibration Model 

Fig. 3 shows IR spectra of standard solutions  
in selected spectral region after acquiring FTIR spectra  
of the mixture of the drugs; PLS model was applied  
to establish calibration for the quantitative determination 
of ENM and HCT in pharmaceutical formulations.  
The region of 1800 - 1550 cm−1 for was selected from  
the same spectra corrected with two point baseline identical 
to the region. The remarkable correlation coefficients 
(R2) were achieved 0.9948 and 0.9974 respectively 
between actual and predicted values with small values of 
Standard Error of Estimation (SEE), Standard Error of Cross 
Validation(SECV) and Standard Error of Prediction(SEP) 
0.43, 1.05 and 1.02 for HCT and 0.33, 0.00645 and 0.93 
for ENM, respectively. The good calibration curve 
between the actual and calculated values for calibration 
standards is obtained. It is clearly evident that  
the calibrated model has predicted concentration of analytes 
well as calculated values are scattered within a narrow 
concentration range of 2% to 4% as compared with  
the original concentration.  

The problem of overlapping spectra of ENM and 
HCT has also been circumvented by making use of their 
derivative spectra. Fig. 4 shows the first derivative 
spectra of ENM and HCT and their binary mixtures  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.2: The IR absorption spectra of A: HCT, B: ENM as Kbr 
disks and C: Acetonitrile as thin liquid film. 
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Fig. 3: IR absorption spectra of standard solutions containing 
different concentrations of A: ENM (2, 5, 7 mg / mL), B: HCT 
(3, 5, 8 mg / mL) and C: their nine binary solutions 
(overmentioned concentrations). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: IR derivative spectra of standard solutions containing 
different concentrations of A: ENM (2, 5, 7 mg / mL), B: HCT (3, 
5, 8 mg / mL) and C: their nine binary solutions (with overmentioned 
concentrations) in the spectral region of 1550-1850 cm-1. 
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Table 2 Comparison of results obtained in analyzing samples of calibration and validation sets at two PLS methods  
in calibration of spectra data at region of 1850-1550 cm 

-1. 

Statistical parameter 
R2 SEE* SECV* SEP* Optimum factor 

number 

HCT ENM HCT ENM HCT ENM HCT ENM HCT ENM 

Absorption spectra 0.9948 0.9974 0.43 0.33 1.02 0.93 1.05 1.02 2 2 

Derivative spectra 0.9990 0.9995 0.33 0.18 0.76 0.36 0.64 0.35 2 2 

*: in mg/mL 
 
at various concentration levels. These derivative spectra 
were also applied for PLS calibration using two-point 
baseline correction. The viability of two PLS models 
were tested by comparing the optimal number of factors, 
R, SEE, SECV and SEP obtained for each component  
of binary standard samples in each model. To select  
the optimum number of factors in the PLS algorithm in order 
to model the system without overfitting the concentration 
data, a cross validation method,8 leaving out one sample 
at a time, was used for both sets of standards(32, 35).  
The predicted concentrations of the compounds in the sample 
left were compared with the actual concentrations in this 
reference sample and the Prediction Error Sum of 
Squares (PRESS) was calculated: 

( )2n
i ii 1

PRESS C C
=

′= −∑   

Where n is the number of standards, Ci is the actual 
concentration of analyte in the sample i and C’i represents 
the predicted concentration of the analyte in the sample i. 
One reasonable choice for the optimum number of factors 
(h*) would be that number which yielded the minimum 
PRESS; however, this sometimes leads to overfittings.  
A better criterion is to select the model with the fewest 
number of factors such that PRESS for that model is not 
significantly greater than PRESS from the model with h* 
factors. The F-statistic was used for the significance 
determination. Haaland and Thomas empirically 
determined that an F-ratio probability of 0.75 is a good 
choice [36]. We selected as optimum the number of 
factors for the first PRESS value the F-ratio probability 
of which drops below 0.75. 

The optimal number of factors, SEE, SECV, SEP and 
R2 values obtained for PLS calibration of absorption and 
first derivative spectral data of HCT and ENM  
in calibration and validation sets are summarized in Table 2. 
R2 (correlation coefficient square) values of PLS calibration 

of derivative spectral data are better than calibration of 
absorption spectral data for both ENM and HCT. Smaller 
standard error values of derivative PLS method  
in comparison with first method, confirm same result. 

Precision and validation of selected method were also 
studied by prediction of content of each analyte in a set of 
artificial binary dosages which prepared by addition of 
various amounts of ENM and HCT to 200 mg synthetic  
Tablet l matrix (containing suitable amounts of corn 
starch, lactose, calcium phosphate and magnesium 
stearate as. excipients of solid formulations). Table 3 
shows composition of each sample of this independent 
standard validation set.  Each sample was leached with  
4 mL acetonitrile, and the leached solution was injected 
to cell for spectrometric experiment after filtration  
(for removing undissolved materials). Replicate analyses 
of first standard showed relative standard deviation values 
of 1.35% and 1.97% for ENM and HCT, respectively 
(n=5). Good correlation of added and found amounts 
shows considerable appropriation for FTIR simultaneous 
determination of ENM and HCT in tablet dosages using 
derivative spectra and PLS calibration. 
 
Application 

The proposed method was tested to determine ENM 
and HCT in commercial tablets. Vaseretic® tablets from 
Valeant Pharmaceuticals International Inc. (Steinbach, Canada) 
and Envas-H® tablets from Cadila pharmaceuticals Ltd. 
(New Delhi, India) were purchased from local drug stores 
for this purpose. Ten tablets were weighed accurately and 
after grinding by mortar and pestle, the powder  
was mixed thoroughly quantity of powder equivalent to one 
tablet was dissolved in 4 mL of acetonitrile and after 
filtering, introduced to flow cell for the analysis.  

In the analysis of the commercial, the found amounts 
and recoveries were achieved by comparing with claimed 
amounts. An ultraviolet spectrometric method was also 
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Table 3: The results of selected method in prediction of standard addition samples. 

sample 
Added(mg) Found(mg)  

ENM HCT ENM HCT 

1* 8.00 12.00 7.71 12.23 

2 16.00 12.00 16.08 12.20 

3 20.00 12.00 19.13 12.28 

4 23.75 12.00 22.46 12.73 

5 8.00 22.00 7.95 21.65 

6 8.00 27.00 7.66 26.48 

7 8.00 30.00 7.68 29.76 

*: The sample was tested for precision study (n=5) 
 

Table 4: Determination of ENM and HCT in two commercial Tablets (n=5) 

Amounts(mg) 
®Vasertic ®H-Envas 

ENM HCT ENM HCT 

Claimed  10 25 5 12.5 

Proposed method 10.03±0.12 25.13±0.23 4.57±0.11 12.13±0.17 

Reference Method 10.39±0.15 26.56±0.33 4.56±0.23 12.56±0.27 

 
performed as reference method on the commercial tablets. 
Table 4 Shows the results of the assay of pharmaceutical 
tablets by proposed and reference method [21]. 
 
CONCLUSIONS 

This work proves that the application of FT-IR 
spectrometry to overdetermined multicomponent systems 
allows determinations to be carried out in difficult cases 
when the extreme spectral overlap would prohibit 
determinations based on zero-order spectra. Calibration 
of first-order IR spectra was performed using partial least 
squares model. Multivariate methods present clear 
advantages over univariate ones as they allow the 
detection of second-order effects. 

The proposed method shows considerable appropriation 
for the simultaneous determination of enalapril maleate and 
hydrochlorothiazide in commercial tablets. Small amounts 
of samples are employed with minimum treatment and  
the spectra are collected rapidly. The accuracy and precision 
in proposed method can be similar and possibly better than 
those obtained by referenced methods, such as HPLC.  
The presented method is more fast, safe, simple and lower-cost 
in comparison with liquid chromatographic methods  
in routine analyses of ENM and in pharmaceutical quality 

control laboratory labs. These results show that the method 
proposed is effective and suitable for the simultaneous 
determination of ENM and HCT in pharmaceuticals. 
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