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A multivariate calibration method for the analysis of two hypotensive binary mixtures is
described. The mixtures are composed of reserpine in combination either with
hydrochlorothiazide or hydrofluomethiazide respectively. The components of the two mixtures
show a considerable degree of spectral overlapping (83.5-88.5%). Resolution of the binary
mixtures under investigation has been accomplished mainly by using classical least squares
(CLS) analysis. The mixtures are simultaneously determined in three laboratory prepared tablet
forms with high accuracy without interference from the commonly added excipients. Good
recoveries were obtained with both synthetic mixtures and prepared tablets. The obtained
results were compared with those obtained from official methods and found in good agreement
with them. A comparison of the obtained results from CLS were performed with those obtained
from principle component regression (PCR).

INTRODUCTION

Reserpine and its preparations still remain
useful in control of mild essential hypertension.
It is effective orally and parentrally in the
treatment of hypertension. Reserpine also used
in conjunction with other hypotensive drugs in
the treatment of severe hypertension.1,2 On the
other hand, hydrochlorothiazide and
hydrofluomethiazide are mild antihypertensive
diuretic drugs. They are useful alone in
management of mild hypertension by reducing
the blood volume or in combination with other
classes of hypotensive agents in case of the
more severe cases. Binary mixtures of
reserpine with hydrochlorothiazide or
hydrofluomethiazide are examples of such
combinations which still in common use.1-4
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Many reported methods for the
determination of the targeted drugs are present
in literature. Reported procedures included
classical titrimetric,5,6 electrochemical,7,8

spectrophotometric,4,9-13 spectrofluorimet-
ric,4,14,15 chromatographic,16-18 and other
separation techniques.19-21 Simultaneous
determination of studied drugs in certain
commercial combined formulations by
derivative spectroscopy,22-24 ratio-spectra
derivative spectrophotometry and Vierordt’s
methods,25-27 HPLC,28-30 flow injection dynamic
systems14,31,32 and chemometric methods33,34

were also reported.
Multivariate calibration methods applied

to spectral data are being increasingly used for
pharmaceutical analysis.35-40 Classical least
squares (CLS) analysis is one of the simplest
multivariate methods that can be performed
with easily accessible statistical software. In
the present work we discuss the possibility of
simultaneous analysis of combined
formulations of reserpine with either
hydrochlorothiazide or hydrofluomethiazide in
certain antihypertension mixtures. The method
is based on the spectrophotometric
measurements in the general range of 240-320
nm together with multivariate calibration
analysis. The obtained results showed that CLS
regression allows one to accomplish this goal,
whereas the used method gives quite
satisfactory results when compared to those
obtained with PCR and shows that there is no
need to use any additional statistical
treatments. Results were also compared to
those obtained by reported procedures for the
same combinations and the required statistical
parameters were calculated.

EXPERIMENTAL

Apparatus
Spectrophotometric measurements were

carried out on a computerized UV-1601 PC,
UV-visible Shimadzu spectrophotometer
(Tokyo-Japan), using 1.00 cm quartz cells. The
obtained spectral data were saved in PC
Shimadzu program and the subsequent
statistical manipulation was performed by
transferring the spectral data to Microsoft excel
2000 program and processing them with the
standard curve fit package and matrix
calculations.

Chemicals
Pharmaceutical grade reserpine (Memphis,

Cairo, Egypt), hydrochlorothiazide (Kahira
Pharmaceutical and Chemical Industries, Cairo,
Egypt) and hydrofluomethiazide (Kahira
Pharmaceutical and Chemical Industries, Cairo,
Egypt) were used as working standards after
confirming their purity and compliance with
the pharmaceutical requirements. All solvents
used throughout this work were analytical
grade.

Laboratory prepared Tablets
Commercial tablets contain reserpine in

concentration range from 0.1 to 0.25 mg
compared to 25-30 mg for either
hydrochlorothiazide or hydrofluomethiazide
(i.e. about 0.3-1.0%). Thus, in the dilutions
suitable for hydrochlorothiazide and hydrofluo-
methiazide calibration ranges, reserpine
concentration is too small and cannot be
determined precisely. Therefore, the following
tablets are prepared in our laboratory and
subjected to analysis by the proposed
procedure;

T.I: Prepared to contain reserpine (5 mg) and
hydrochlorothiazide (25 mg).

T.II: Prepared to contain reserpine (5mg) and
hydrofluomethiazide (25 mg).

T.III: Prepared to contain reserpine (5 mg) and
hydrofluomethiazide (30 mg).

All formulations containing lactose (100 mg),
starch (100 mg), magnesium stearate (5 mg),
talc (5-10 mg) and gum tragacance (5 mg).

Preparation of standards
Dissolve an accurately weighed amount

(50 mg) of either reserpine, hydrochloro-
thiazide or hydrofluomethiazide in methanol
and dilute quantitatively with the same solvent
to obtain the appropriate dilution for each drug
according to its linear calibration range.

Preparation of tablet samples
Weigh 20 tablets and finely powder.

Transfer accurately weighed amount of the
powder equivalent to one tablet to 100 ml
volumetric flask and dilute to about 80 ml with
methanol. Shake the mixture well for about 10
minutes, dilute to the mark with the same
solvent and filter. Discard the first portion of
filtrate. Use clear solution obtained as stock
sample solution. Dilute stock solution
quantitatively with methanol to obtain the
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suitable working sample solution for UV-
measurements.

Standard  solutions  for  multivariate
calibration

In order to obtain the calibration matrix
for applying CLS and PCR analysis, ten
solutions of each of the pure components
(reserpine, hydrochlorothiazide and
hydrofluomethiazide) were prepared with
concentrations in the range 5-60, 5-30 and 5-30
µg/ml respectively. These ranges were
previously verified to obey Beer’s law for each
of the studied drugs in the selected solvent. The
absorption data in the range of 240-320 nm
(digitized every 1.0 nm) were subjected to least
squares analysis in order to obtain the
calibration K matrix (see below). Laboratory
prepared mixtures were then prepared by
mixing known amounts of reserpine with either
hydrochlorothiazide or hydrofluo-methiazide in
different varied proportions (Tables 1 and 2),
in order to verify the precision of the method
for analysis of such mixtures and matching the
prepared tablets with those having comparable
concentrations.

Data processing
Data were processed on an Intel Pentium

III 750 MHz PC-compatible computer. The
VISTA 6 version 6.4.3436-EWU (May 10,
2001) software was used for the Principal
component applications. The parameters
chosen to compare the different models were
the relative root mean squared error (RRMSE)
and the standard deviation of the model fitness
(σfit):

∑( Ci – Ĉi )
2

 RRMSE (%) = 100 x    (1)
∑Ci

2

Where Ĉi and Ci are the predicted and the real
concentrations respectively, for the compound
in the standard or sample solutions.

σ fit =    ( Aact – Apred )2 / n-2 (2)

Where n is the number of data points for the
two component mixture, and  A = K1 C1 + K2

C2, being K1 and K2 the column vector of the
individual component absorptivities.

RESULTS AND DISCUSSION

The absorption spectra for the studied
drugs are shown in Figure 1. As can be seen, a
considerable degree of spectral overlapping
occurs in the region from 240 to 320 nm. The
degree of spectral overlapping can be
conveniently given by (Di)

0.5. Where Di is the
magnitude of dependency that can be
calculated for a two components mixture from
equation (3).

(Σ k1 k2
t )2

Di = (3)
      Σ k1k1

t. Σk2k2
t

Where K1 and K2 are the l x n matrices of
regression coefficients for compounds 1 and 2
respectively.

Figure 1; The absorption spectra of (A) reserpine (30 g/mL)   (B) hydrochlorothiazide
(20 g/mL) and (C) hydrofluomethiazide (20 g/mL).
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Fig. 1: The absorption spectra of (A) reserpine (30
µg/ml) (B) hydrochlorothiazide (20 µg/ml)
and (C) hydrofluomethiazide (20 µg/ml).

In case of the presently studied
compounds, the spectra shown in Figure 1 lead
to Di = 0.700 implying a 83.5% of spectral
overlap for the first mixture (reserpine and
hydrochlorothiazide) and Di = 0.784, implying
a 88.5% of spectral overlap for the second
mixture (reserpine and hydrofluomethiazide)
respectively.

Derivative spectrophotometric techniques
can not precisely resolved these mixtures. Full-
spectrum methods usually provide significant
improvement in precision over methods
restricted to a small number of wavelengths. A
convenient method for resolving the mixtures,
which can in principle be applied to the present
case, is the least squares analysis. The simplest
of them is the classical least squares (CLS). It
should certainly be preferred when the
selection of variables  is simple, i.e. when some
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Table 1: Results obtained by applying CLS analysis to synthetic mixtures and laboratory prepared

tablets of reserpine and hydrochlorothiazide.

FoundMix-

ture
Component

Actual

(µg/ml) (µg/ml) (%)

RRMSE+

(%)
σfit*

Reserpine 60.00 58.90 98.2 1.8 0.019
(1)

Hydrochlorothiazide 5.00 4.91 98.2 1.8

Reserpine 50.00 50.22 100.4 0.4 0.013
(2)

Hydrochlorothiazide 7.50 7.37 98.3 1.7

Reserpine 45.00 43.69 97.1 2.9 0.027
(3)

Hydrochlorothiazide 10.00 9.72 97.2 2.8

Reserpine 40.00 39.69 99.2 0.8 0.0018
(4)

Hydrochlorothiazide 12.50 12.22 97.8 2.2

Reserpine 35.00 34.32 98.1 1.9 0.014
(5)

Hydrochlorothiazide 15.00 14.89 99.3 0.7

Reserpine 30.00 29.99 100.0 0.0 0.008
(6)

Hydrochlorothiazide 17.50 17.33 99.0 1.0

Reserpine 20.00 19.53 97.6 2.4 0.026
(7)

Hydrochlorothiazide 20.00 19.55 97.7 2.3

Reserpine 15.00 15.16 101.1 1.1 0.009
(8)

Hydrochlorothiazide 22.50 22.49 100.0 0.0

Reserpine 10.00 9.87 98.7 1.3 0.011
(9)

Hydrochlorothiazide 25.00 24.93 99.7 0.3

Reserpine 5.00 4.93 98.6 1.4 0.012
(10)

Hydrochlorothiazide 25.00 24.88 99.5 0.5

(I)
Reserpine

Hydrochorothiazide

5.00

25.00

5.06

25.32

101.2

101.3

1.2

1.3

0.014

+ RRMSE(%) = 100 X ∑(Ci-Ĉi)
2 ∕ ∑Ci

2.

* σfit = [( aact - apred )
2 / n-2 ]0.5, Where n = number of data points for the two component mixture,

      a = K1C1 + K2C2, K1,2 being the column vector of individual component absorptivities.

(I) Laboratory prepared Tablets (I).
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Table 2: Results obtained by applying CLS analysis to synthetic mixtures and laboratory prepared

tablets of reserpine and hydrofluomethiazide.

FoundMix-

ture
Component

Actual

(µg/ml) (µg/ml) (%)

RRMSE+

(%)
σfit*

Reserpine 60.00 59.07 98.5 1.5 0.019
(1)

Hydrofluomethiazide 5.00 5.08 101.7 1.7

Reserpine 50.00 49.40 98.8 1.2 0.009
(2)

Hydrofluomethiazide 10.00 10.02 100.2 0.2

Reserpine 45.00 44.05 97.9 2.1 0.018
(3)

Hydrofluomethiazide 12.50 12.44 99.5 0.5

Reserpine 35.00 34.97 99.9 0.1 0.004
(4)

Hydrofluomethiazide 15.00 14.99 99.9 0.1

Reserpine 30.00 29.53 98.4 1.6 0.014
(5)

Hydrofluomethiazide 17.50 17.62 100.7 0.7

Reserpine 25.00 24.89 99.6 0.4 0.005
(6)

Hydrofluomethiazide 20.00 19.98 99.9 0.1

Reserpine 20.00 20.17 100.9 0.9 0.013
(7)

Hydrofluomethiazide 22.50 22.88 101.7 1.7

Reserpine 15.00 14.76 98.4 1.6 0.011
(8)

Hydrofluomethiazide 25.00 25.06 100.2 0.2

Reserpine 10.00 9.81 98.1 1.9 0.017
(9)

Hydrofluomethiazide 30.00 29.65 98.8 1.2

 (10)
Reserpine

Hydrofluomethiazide

5.00

30.00

4.90

29.49

98.0

98.3

2.0

1.7

0.021

(II)
Reserpine

Hydrofluomethiazide

5.00

25.00

4.89

25.09

97.8

100.4

2.2

0.4

0.017

(III)
Reserpine

Hydrofluomethiazide

5.00

30.00

5.10

29.77

102.0

99.2

2.0

0.8

0.018

+ RRMSE(%) = 100 X ∑(Ci-Ĉi)
2 ∕ ∑Ci

2.

* σfit = [( aact - apred )
2 / n-2 ]0.5, Where n = number of data points for the two component mixture,

      a = K1C1 + K2C2, K1,2 being the column vector of individual component absorptivities.

 (II) and (III) Laboratory prepared Tablets (II) and (III).
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variables are rather selective for the
compounds or characteristics being determined.
In addition, the regression coefficients for
different selected collinear wavelengths may
have relatively little meaning for interpretation
purposes, but the model performs well, both in
calibration and in prediction, provided that the
model possess linearity between response and
concentration and the prediction is performed
within the calibration domain. On the other
hand, the baseline effects and noise are
probably non-significant or of very low
significance. Under these conditions, CLS is
probably the method to be recommended as in
the present work.

As mentioned previously in CLS a linear
relationship between the absorbance and the
component concentrations at each wavelength
is assumed. Such relationship is given by
equation (4).

A = C K + E (4)

Where A is the m x n matrix of calibration
spectra, C is the m x l matrix of component
concentrations, K is the l x n matrix of
regression coefficients and E is the m x n
matrix of spectral errors or residuals not fit by
the model. By means of the calibration sample
set, estimation of absorptivities is possible by
solving for the matrix K according to the
general least-squares solution indicated by
equation (5).

 K = ( Ct. C )-1. Ct.A (5)

Analysis is then based on the spectrum (Aun) of
the unknown samples by:

Cun = Aun K
t ( K. Kt )-1 (6)

Where Cun is the vector of sought-for
concentrations.

Figures 2-4 showed the actual and
predicted amounts of the studied drugs given
by the least squares regression analysis of the
spectral data that obtained experimentally in
the range of 240-320 nm.

Several synthetic mixtures and the
prepared tablets were subjected to the CLS
analysis. Tables 1 and 2 summarize the results
obtained for the suggested synthetic binary
mixtures. As can  be  seen,  the  recoveries  in

Figure 2 ; Predicted concentrations of reserpine + errors as calculated by CLS method.
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Fig. 2: Predicted concentrations of reserpine ±
errors as calculated by GLS method.

Figure 3 ; Predicted concentrations of hydrochlorothiazide + errors as calculated
by CLS method.
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Fig. 3: Predicted concentrations of hydro-
chlorothiazide ± errors as calculated by
GLS method.

Figure 4 ; Predicted concentrations of hydrofluomethiazide + errors as calculated
 by CLS method.
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Fig. 4: Predicted concentrations of hydro-
fluomethiazide ± errors as calculated by
GLS method.

all  cases were satisfactory and the relative
deviations between the estimated and true
concentrations expressed by the relative root
mean squared error (RRMSE) were found
between 0.3 and 2.9%.

On the other hand, the results for synthetic
mixtures and prepared tablets with comparable
concentrations were found closely matched.
This indicated that, the present or added
excipients and additives did not interfere with
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the determinations. Moreover, the results for
dosage forms were compared with those
obtained by applying official methods4. As
shown in Table 3, the results are in good
agreement with those of official procedures as
indicated by the t-test.

Principle component regression (PCR),
were also applied for analysis of the present
samples. A comparison between the results
obtained with PCR and that obtained with CLS
was done. It revealed that, there was no
significant difference between them as
indicated by the representative example given
in Table 4. It should be mentioned also that,
when co linearity between original variables
occurs, principal component plots often allow
better interpretation of the variations observed
in the data set than plots of original variables
selected by CLS. But, as a modeling method, it
is somewhat less per-formant than  CLS  when

performing prediction within the calibration
domain and when the model is indeed linear.
Accordingly, the results of analysis obtained in
this work by the CLS are quite satisfactory and
there is no need to use additional statistical
treatments.

Conclusion
The contents of several synthetic mixtures

and prepared tablets were simultaneously
determined using spectrophotometric
measurements together with CLS multivariate
calibration analysis. The good recoveries
obtained in all cases as well as the reliable
agreement with the official procedures proved
that, the proposed method could be applied
efficiently for determination of reserpine
binary mixtures with either
hydrochlorothiazide or hydrofluomethiazide
with quite satisfactory precision.

Table 3: Analysis of the studied drugs in laboratory prepared tablets by the CLS and official methods*.

Laboratory

prepared

tablets

Drug

Claimed

(mg)

 Found

 (mg)                 (% +SD)

USP XXIII

(% +SD)

Reserpine 5 5.06 101.2+1.3

 F = 3.45, t = 2.30

99.5 + 0.7

I
 Hydrochlorothiazide 25 25.32 101.3+1.7

 F = 3.57, t = 1.14

100.2 + 0.9

Reserpine 5 4.89 97.8 +1.6

 F = 4.00, t = 1.12

96.8 + 0.8

II
Hydroflumethiazide 25 25.09 100.4+0.8

 F = 2.25, t = 2.63

98.5 + 1.2

Reserpine 5 5.10 102.0+1.9

 F = 1.60, t = 1.21

103.5 + 1.5

III
Hydrofluomethiazide 30 29.77 99.2 +0.9

 F = 2.25, t = 2.40

97.4 + 0.6

* Average of 5 determinations + SD.

+ Theoretical values at 95% confidence limit are t = 2.78 and F = 6.39.
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Table 4: Results obtained by applying CLS and PCR to synthetic mixtures of reserpine and
hydrochlorothiazide.

Mixt-
ure

Component
Actual
(µg/ml)

CLS
(µg/ml)

Relative error
 (%)

PCR
(µg/ml)

Relative error
(%)

Reserpine 60.00 58.90 -1.83 59.12 -1.47
(1)

Hydrochlorothiazide 5.00 4.91 -1.80 4.89 -2.20

Reserpine 50.00 50.22 0.44 50.30 0.60
(2)

Hydrochlorothiazide 7.50 7.37 -1.73 7.41 -1.20

Reserpine 45.00 43.69 -2.91 43.77 -2.73
(3)

Hydrochlorothiazide 10.00 9.72 -2.80 9.68 -3.20

Reserpine 40.00 39.69 -0.78 40.11 0.28
(4)

Hydrochlorothiazide 12.50 12.22 -2.24 12.34 -1.28

Reserpine 35.00 34.32 -1.94 34.13 -2.49
(5)

Hydrochlorothiazide 15.00 14.89 -0.73 15.01 0.07

Reserpine 30.00 29.99 -0.03 30.12 0.40
(6)

Hydrochlorothiazide 17.50 17.33 -0.97 17.52 0.11

Reserpine 20.00 19.53 -2.35 19.55 -2.25
(7)

Hydrochlorothiazide 20.00 19.55 -2.25 20.10 0.50

Reserpine 15.00 15.16 1.07 15.06 0.40
(8)

Hydrochlorothiazide 22.50 22.49 -0.04 22.55 0.22

Reserpine 10.00 9.87 -1.30 9.88 -1.20
(9)

Hydrochlorothiazide 25.00 24.93 -0.28 24.61 -1.56

(10)
Reserpine

Hydrochlorothiazide
5.00
25.00

4.93
24.88

-1.40
-0.48

4.89
24.93

-2.20
-0.28

(I)
Reserpine

Hydrochlorothiazide
5.00
25.00

5.06
25.32

1.2
1.3

5.07
25.21

1.4
0.84

(I) Laboratory prepared Tablets (I).
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