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Abstract

Two new analytical methods are described as convenient and useful alternatives for
simultaneous determination of hydrochlorothiazide (HCTZ) and methyldopa (MD) in their
combinations. The first method depends on the first order derivative spectrophotometry by
measuring the amplitudes at zero-crossing wavelengths of 286 and 270 nm for HCTZ and
MD, respectively. In the second method, partial least squares (PLS) analysis of the ultraviolet
absorption spectra of the samples in the 240-340 nm region was applied. The methods were
calibrated between 3.5 and 35.7 ug mL* for HCTZ and between 2.5 and 25.3 ug mL* for
MD. For PLS chemometric calibration a concentration set of random mixture consisting of
the two drugs in ethanol was prepared. The absorbance data in UV spectra and their dA/dA
values were measured for the 24 A points considering AA= 4 nm. The calibration of the PLS
method involves both absorbance-concentration and dA/d\-concentration data matrices. The
numerical values were calculated by using Matlab version 6.5 and origin 7.0 software. The
results of the methods were statistically compared with each other and a good harmony was
found. The developed calibrations were successfully applied for assaying the pharmaceutical
formulation of Aldoril® tablets.

Keywords: Hydrochlorothiazide . Methyldopa . Aldoril tablets . Derivative
spectrophotometry . PLS

Introduction

A combination of hydrochlorothiazide (HCTZ) and methyldopa (MD), in the
form of tablets, is widely prescribed to patients for moderate to sever hypertension
not controlled by initial therapy using a single antihypertensive agent. HCTZ, 6-
chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfonamide 1,1 dioxide is a
diuretic and an antihypertensive agent of the class benzothiadiazines which
decreases active sodium reabsorption and reduces pheripheral vascular resistance.
MD, levo-3-(3,4-dihydroxyphenyl)-2-methylalanine, is an old antihypertensive
agent which is used in the treatment of mild to moderate hypertension. It is
converted to a-methylnorepinephrine in adrenergic nerve terminals and its
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hypertensive action appears to be due to stimulation of central a-adrenoreceptors by
this agent [1].

Several analytical procedures have been described for individual determination
of HCTZ, by using electrochemical [2,3], spectrophotometric [4-6], flow injection
[7] and HPLC methods [8,9] and in combination with other pharmaceutical
substances including spectrophotometric [10,11], polarographic [12], HPTLC-
dansitometric [13], HPLC [14,15] and chemometric [16,17]. Numerous analytical
techniques including spectrofluorimetric [18-20], chromatographic [21-27] and flow
injection [28,29] are now available for the analysis of MD in biological fluids and
pharmaceutical formulations. Also, many spectrophotometric methods have been
proposed for the determination of catecholamines including MD [30-47].

So far, no method has been described for the simultaneous determination of
HCTZ and MD in pharmaceutical formulations. Therefore, it is required simple,
precise, accurate and reliable methods that can be applied in quality control
laboratories for the determination of HCTZ and MD simultaneously. For this
purpose UV-derivative spectrophotometric and PLS assay methods have been
developed in this study. These methods were especially chosen because of their
usefulness in simultaneous analysis of several mixture components without any prior
chemical treatment and during a short time, as well as no expensive costs and
complex instruments are required.

Experimental
Chemicals

HCTZ was purchased from Sigma (St. Louis, MO, USA) and MD was kindly
supplied by Egyptian International Pharmaceutical Industries Co. (EIPICO.).
Commercially available Aldoril® tablets are products of Merck & CO. INC
(Whitehouse station, USA), each tablet was labeled to contain 25 mg of HCTZ and
250 mg of MD. Analytical grade ethanol and bidistilled water were used throughout
the experiments.

Apparatus

Spectro double 8 autocell UV-Vis spectrophotometer labomed, Inc., USA was
used under the following operating conditions; scan speed 120 nm min%, scan range
240-340 nm, slit width 2 nm and AA= 1 nm. Zero- and first-order spectra were
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automatically obtained using 1 cm quartz cell by using UVWin 5.0 analysis
software.

Matlab version 6.5 and origin 7.0 software were used for PLS and statistical
treatment of data.

Standard solutions

Stock solutions of HCTZ and MD were prepared separately by dissolving 11.92
mg and 8.45 mg of each drug in 100 mL ethanol, respectively. The standard
solutions were prepared by further dilution of the stock solutions with ethanol to
reach a concentration range of 3.5-35.7 ug mL for HCTZ and 2.5-25.3 pg mL* for
MD.

Procedures

First derivative spectrophotometric method

The absorption spectra were recorded against ethanol to solutions in 10 mL
calibrated flask containing 3.5-35.7 ug mL*HCTZ and 2.5-25.3 pg mL* MD and
diluted the mark with ethanol. By measuring derivative values from the first
derivative spectra at 286 and 270 nm, the concentrations of HCTZ and MD could be
determined, respectively.

PLS chemometric method and validation

A training set of standard mixture solutions containing between 3.5-35.7 ug mL*
HCTZ and 2.5-25.3 pg mL* MD was made daily from stock solutions. A validation
set of seven synthetic mixtures containing various concentrations of both drugs was
also prepared by using the same stock solutions.

Sample preparation

Twenty tablets were weighed and finely powdered. A portion of the powder
equivalent to about 2.5 mg of HCTZ and 25 mg of MD was weighed accurately,
dissolved and diluted to 250 mL with ethanol. The sample solution was filtered.
Further dilution with ethanol was carried out to provide a solution of 10 ng mL™* of
HCTZ and 100 pg mL* of MD. The procedures for first derivative and PLS
described above were followed and the concentrations of HCTZ and MD were
calculated.
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Results and Discussion
Spectrophotometric measurements

In Fig. 2 (a) the zero order derivative spectra of 4.7 ug mL* of HCTZ (curve 1),
21.1 pg mL* MD (curve 2) and their mixture (curve 3), in the wavelength range
240-340 nm, are shown. HCTZ exhibits two absorbance maxima at 270 and 317 nm.
MD exhibits a defined absorbance maximum at 286 nm. As can be seen, that of
HCTZ spectrum substantially overlaps the absorption spectrum of MD, which
prevents the determination of MD in the presence of HCTZ by direct absorbance
measurements. Derivative spectrophotometry is suitable technique for overcoming
this problem, with the zero-crossing technique being the most common procedure
for the preparation of analytical calibration graphs. In practice, the measurements
selected are those which exhibit the best linear response, give a zero or near to zero
intercept on the ordinate of the calibration graphs and which are least affected by the
concentration of any other component. Thus, a zero-crossing measurement technique
was utilized. In Fig. 2 (b), zero-crossing wavelengths of HCTZ and MD were 270
and 286 nm, respectively.

Due to the overlapping spectra, zero-crossing method is clearly the most
appropriate approach for resolving mixtures of these components, as such, was used
in this work without satisfactory results. Preliminary investigations showed that the
derivative intensities of the signals at 270 nm (working zero-crossing wavelength of
HCTZ) are proportional to the MD present in the binary mixture with HCTZ. Table
1 represents the statistical analysis of calibration graphs for the simultaneous
determination of HCTZ and MD by using zero-crossing wavelength technique of the
first derivative spectra of their mixtures.

Optimization of the instrumental conditions

The main instrumental parameters that affect the shape of derivative spectra are
the scan rate, A\ (the wavelength increment used for derivatization) and smoothing.
All of these parameters need to be optimized to give a well resolved large peak.
Generally, the noise level decreases as A increases, which leads to less pronounced
fluctuations in the derivative spectrum. Since spectral resolution is very poor at
excessively high AA values, the optimum value of AA should be determined by
taking into account the noise level, the resolution of the spectrum and the sample
concentration. Several values of AL were tested and 4.0 nm was selected as the
optimum for a satisfactory signal-to-noise ratio.
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Fig. 3 (a) shows a set of the first derivative spectra of mixtures containing 21.1
ug mL* of MD plus increasing amounts of HCTZ (3.5-35.7 ug mL™). A further set
was performed by keeping the HCTZ concentration constant at 4.7 ug mL?, while
MD concentration was varied from 2.5-25.3 ug mL* (Fig. 3 (b)). The results in Fig.
3 ((@) and (b)) indicate that when the concentration of MD (HCTZ) was kept
constant and the HCTZ (MD) was varied, the peak amplitudes at 270 nm (286 nm)
were unaltered. The amplitudes at 286 nm (h1) and 270 nm (h2) were proportional to
the HCTZ and MD concentration, respectively.

Determination of HCTZ in the presence of MD by using direct absorbance
measurements at 317 nm

Fig 2 (a) shows the zero-order spectra of 4.7 ug mL* of HCTZ (curve 1) and
21.1 ug mL of MD (curve 2) in the wavelength range 240-340 nm. As can be seen
at 317 nm (maximum absorption of HCTZ), MD does not absorb even at high ratio
assayed. The measurements of HCTZ absorbance were used for determining HCTZ
in the presence of MD. Binary mixtures of HCTZ in the presence of MD in ethanol
were prepared by keeping the MD concentration constant at 21.1 pug mL while the
HCTZ concentration was varied from 0.0 to 35.7 ug mL™. The calibration graph was
linear between 3.5-35.7 ug mL* of HCTZ. The regression equation found was A=
2.4x103(£0.9x10%) + 1x102(+2.8x107%)C, where C is HCTZ concentration in pg
mL* with a correlation coefficient of 0.9997. The detection and quantitation limits
were 0.31 and 0.79 ug mL* of HCTZ, respectively. The between-run precision of
the method was evaluated with a series of sample containing the concentrations of
the above drugs being analyzed during five consecutive days. The obtained variation
coefficient was 2.1 %.

PLS for the zero and the first-order derivative spectra

Based on the diagram of binary matrix design [48], a training set of 20
representive mixtures at different ratios of two drugs was prepared as described in
Table 2. The absorption spectra of the training set were recorded in computer and
their first derivative spectra were calculated with AA= 4.0 nm. The values of the
absorbance were measured at 24 points with AX interval of 4.0 nm in the selected
range of 220-340 nm. The obtained zero-order and first derivative absorbance data
were used to compose the proposed PLS calibration.

Utilizing a cross-validation, 15 calibration spectra were used for the selection of
the optimum number of factors in PLS. The predicted concentrations of each sample
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in calibration step were compared with the actual concentrations. The prediction
residual error sum of squares (PRESS) was computed by using the following
formula:

PRESS=>"" (C preded e )2 .................... )

Moreover, two statistical criterions were considered for calibration steps of PLS.
The first statistical parameter is the root mean square difference (RMSD) which
represent the average error in the analysis for each component in the training
samples. The RMSD was calculated using the following equation:

RMSD = \/ % > (C e _ e )2 .................... )

Where CPredicted gnd Ci2a are the predicted and actual concentration in calibration
samples, respectively. n is the total number of calibration samples.

The relative error of the prediction (REP) as a second statistical parameter
was also calculated to control the predictive ability of the estimated calibration
model for training set as follow:

REP = %\/% > ((;f’”“““e"—(;f““a')2 -------------------- @)

Where 6 represents the mean of the predicted concentration in the calibration step
for all samples.

The statistical results (PRESS, RMSD, REP, r?, intercept and slope for the
proposed calibrations) are summarized in Table 3. The statistical parameters in
calibration step for the measurements zero- and first-order derivative spectra were
compared and found to be acceptable for the proposed PLS calibration model.

Validation of PLS calibration for synthetic binary mixtures

In order to test the proposed PLS calibration an independent set of the validation
samples containing HCTZ and MD in the different compositions given in Table 4,
was prepared and analyzed. The means, standard deviations (S.D.) and relative
standard deviation (R.S.D.) are shown in Table 4.
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For further demonstration of the validity, the predictive applicability of PLS was
expressed by the standard error of the prediction (SEP) and standard error of
calibration (SEC) which is given in the following formula:

Eo=cF

n-1

SEP(SEC) =

Where, Ci% is the actual concentration of analyte, Ciredicd js the predicted
concentration of analyte and n is the total number of synthetic mixtures and
calibration set.

The SEP and SEC results and other statistical evaluations obtained by applying
PLS to synthetic mixtures and validation set were summarized in Table 5. Moreover,
to check the precision of PLS method, the detection limit DL and quantification
limit QL were calculated and presented in Table 4. As can be seen, all the statistical
parameters indicate that PLS is applicable for the determination of two drugs in
synthetic mixtures.

Tablet analysis

Recovery studies of the standard additions to commercial tablet preparation were
realized. The recovery results for the validation of the two proposed methods were
obtained in the average of six replicated for each drug in commercial tablet
formulation. The results were found to be very close to each other and the drug
recovery % was shown in Table 6.

Conclusion

Although the absorption spectra of both HCTZ and MD were superposed, the
proposed derivative method as well as the PLS calibration using the absorption and
first derivative spectrophotometric data were successfully applied to their
simultaneous determination in synthetic mixtures and tablets. Thus, the proposed
methods could be given as alternative determination techniques of two drugs in the
same pharmaceutical preparation without any need for either prior separation
procedures or more complex instrumentation being more expensive, tedious and
time consuming. Consequently, the proposed methods are strongly believed to be
successfully employed for the quality control of HCTZ and MD in their binary
mixtures and pharmaceutical preparations.
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Figure captions
Fig. 1. Chemical structures of HCTZ and MD.

Fig. 2. (a) Ultraviolet absorption and (b) first-derivative spectra of (1) 4.7 ug mL*HCTZ, (2)
21.1 ug mLt MD and (3) mixture of HCTZ (4.7 pg mL%) and MD (21.1 pug mL™?)
in 240-340 nm region.

Fig. 3. First-derivative spectra of:

(@) 21.1 ug mL* of MD in the presence of (1) 3.53; (2) 4.7; (3) 7.14; (4) 9.53; (5) 11.91; (6)
14.29; (7) 16.67; (8) 19.05; (9) 21.44; (10) 23.82; (11) 29.77; (12) 35.73 pug mLX HCTZ
and,

(b) 4.7 ug mL* HCTZ in the presence of (1) 2.53; (2) 3.37; (3) 5.07; (4) 6.76; (5) 8.45; (6)
10.14; (7) 11.83; (8) 13.52; (9) 15.21; (10) 16.90; (11) 21.12; (12) 25.35 ug mLL MD.

Table 1: Statistical analysis of calibration graphs in the determination of HCTZ
and MD using zero-crossing wavelength technique of the first
derivative spectra

Parameter HCTZ MD
A (nm) 286 270
Linearity range (ug mL?) 3.5-35.7 2.5-25.3
Detection Limit, DL 0.54 0.51

Regression Equation Y™

Slope (b) -2.1x10°3 0.6x103
SD of slope (S) -1.3x10° 4.0x1073
Intercept (a) 0.7x10® -0.6x1073
SD of the intercept (Sa) 0.5x10® 3.3x10°3
Correlation coefficient 0.9997 0.9996

*Y =a+bC, where C is the concentration of the drug in pg mL* and Y is the first derivative
value; D1 at the specified wavelength.
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Table 2: Composition of a training set HCTZ and MD

121

Standard HCTZ MD
number g mL™ g mLt
1 3.0 3.0
2 3.0 5.0
3 3.0 7.0
4 3.0 9.0
5 7.0 3.0
6 7.0 5.0
7 7.0 7.0
8 7.0 9.0
9 12.0 3.0
10 12.0 5.0
11 12.0 7.0
12 12.0 9.0
13 18.0 3.0
14 18.0 5.0
15 18.0 7.0
16 18.0 9.0
17 25.0 3.0
18 25.0 5.0
19 25.0 7.0
20 25.0 9.0

Table 3: Statistical results for the PLS calibration model.

Parameter Zero-order spectra First-order derivative spectra

HCTZ MD HCTZ MD

PRESS 0.6165 0.3541 0.6502 0.5512
RMSD 0.1527 0.1108 0.1688 1.480

REB 1.5668 0.6371 1.1395 1.08033

r2 0.9991 0.9989 0.9993 0.9997

Intercept 0.0152 0.0384 -0.0281 0.0292

Slope 1.0079 0.9953 1.0320 0.9992
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Table 4: Recovery results obtained for the simultaneous determination of HCTZ and
MD in synthetic mixtures by PLS method.

Amount added % recovery
pug mLt zero-order derivative spectra First-order derivative spectra
HCTZ MD HCTZ MD HCTZ MD
6.0 5.0 99.9 99.5 99.6 99.8
10.0 5.0 98.8 100.6 99.1 100.6
12.0 4.0 100.2 100.8 98.9 101.1
14.0 18.0 101.0 99.7 100.7 100.3
18.0 12.0 99.3 99.4 99.8 99.1
20.0 10.0 100.4 100.6 101.0 100.5
25.0 8.0 98.7 98.9 984 98.9
Mean + 99.76 99.92 99.64 100.03
R.S.D” 0.86 0.73 0.95 0.84

*R.S.D., relative standard deviation.

Table 5: Statistical parameters by applying PLS technique to the synthetic mixtures

Parameter zero-order spectra first-order spectra
HCTZ MD HCTZ MD
SEP 0.378 0.101 0.285 0.079
SEC 0.443 0.097 0.325 0.069
r? 0.9991 0.9994 0.9988 0.9993
Intercept 0.014 0.009 -0.0002 -0.001
Slope 0.071 0.014 0.004 0.005
DL 0.592 0.425 0.561 0.492
QL 1.957 1.748 1.975 1.777
Table 6: Recovery % of HCTZ and MD of Aldoril® tablets by using the proposed
methods
Recovery %"
Drug First derivative method PLS method
Zero first
HCTZ 100.1+2.3 100.3+0.7 99.8+1.3
MD 99.8+1.3 98.24+2.5 97.440.9
* Mean =+ standard deviation for six determinations.
o\\S //o o\\S //o HO : COOH
HN" :@i SNH HN  CH,
) HO
cl N

H

HCTZ
Fig. 1. Chemical structures of (a) HCTZ and,

MD
(b) MD
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mixture of HCTZ (4.7 ug mL%) and MD (21.1 pg mLY) in 240-340 nm region.
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(@) 21.1 ug mL* of MD in the presence of (1) 3.53; (2) 4.7; (3) 7.14; (4) 9.53; (5) 11.91; (6) 14.29; (7)
16.67; (8) 19.05; (9) 21.44; (10) 23.82; (11) 29.77; (12) 35.73 ng mL* HCTZ and,

(b) 4.7 pg mL* HCTZ in the presence of (1) 2.53; (2) 3.37; (3) 5.07; (4) 6.76; (5) 8.45; (6) 10.14; (7)
11.83; (8) 13.52; (9) 15.21; (10) 16.90; (11) 21.12; (12) 25.35 ug mL™* MD.
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