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bstract

The quantitative predictive abilities of the new and simple bivariate spectrophotometric method are compared with the results obtained by the use
f multivariate calibration methods [the classical least squares (CLS), principle component regression (PCR) and partial least squares (PLS)], using
he information contained in the absorption spectra of the appropriate solutions. Mixtures of the two drugs Nifuroxazide (NIF) and Drotaverine
ydrochloride (DRO) were resolved by application of the bivariate method. The different chemometric approaches were applied also with previous

ptimization of the calibration matrix, as they are useful in simultaneous inclusion of many spectral wavelengths. The results found by application
f the bivariate, CLS, PCR and PLS methods for the simultaneous determinations of mixtures of both components containing 2–12 �g ml−1 of NIF
nd 2–8 �g ml−1 of DRO are reported. Both approaches were satisfactorily applied to the simultaneous determination of NIF and DRO in pure form
nd in pharmaceutical formulation. The results were in accordance with those given by the EVA Pharma reference spectrophotometric method.
 2007 Elsevier B.V. All rights reserved.
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. Introduction

Nifuroxazide (NIF) and Drotaverine hydrochloride (DRO)
re formulated together in the form of Drotazide® capsule;
hich is used for treatment of spasmodic diarrhea. Nifuroxazide

4-hydroxybenzoic acid (5-nitro-2-furanyl methylene) [1] is
sed for treatment of acute and chronic-diarrhea, gastroenteritis,
nd colitis. Drotaverine [1-(3,4-diethoxy benzylidene)-6,7-
iethoxy-1,2,3,4-tetraiso hydroquinoline [2] is a hydrochloride
alt used as an effective spasmolytic drug.

NIF was determined individually by non-aqueous titration
1], aqueous titration [3], voltammetry [4–8], spectrophotometry
8,9], colorimetry [10], HPLC in pharmaceutical formulations
10], and HPLC in biological fluids [11].

On the other hand DRO was determined either individually
y electrochemical methods [12,13], spectrophotometric meth-

ds [14–16] and HPLC methods [17–20], or in combination
ith nicotinic acid and phenazone spectrophotometrically [21],

n mixture with niclosamide which depends on measuring the
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bsorbance of the acidic solution against their alkaline solutions
s a blank at 355 nm [14]. Drotaverine HCl was analyzed in pres-
nce of Nifuroxazide in pharmaceutical dosage forms by deriva-
ive spectrophotometric, densitometric and HPLC methods [22].

Bivariate calibration spectrophotometric method is a new
nd simple method for the resolution of binary mixtures. This
ethod is based on the simple mathematic algorithm and it’s

dvantage depends on the fact that there is no need to use deriva-
ization procedures [23]. The multivariate calibration models are
seful for the reduction of band overlapping errors in quantitative
nalysis.

In this work, a binary mixture of NIF and DRO was analyzed
mploying both the bivariate and multivariate methods for the
imultaneous determination of each in its pharmaceutical prepa-
ation and for the comparison purpose in view of the accuracy
nd precision of the results.

. Experimental
.1. Apparatus

Shimadzu spectrophotometer, UV-Vis 1601 PC with 1 cm
uartz cuvets, connected to an IBM compatible computer, with

mailto:fadiahm@yahoo.com
dx.doi.org/10.1016/j.saa.2007.04.004
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The composition of the samples was randomly designed in
order to obtain non-correlated concentration profiles. Several
multivariate calibration models (CLS, PCR, and PLS) were con-
structed using the data obtained.

Table 1
The concentrations of different mixtures of Nifuroxazide and Drotaverine HCl
used in the training set

Sample no. Concentration (�g ml−1)

Nifuroxazide Drotaverine HCl

1 10 2
2 9 2.2
3 11 2.2
4 11 2
5 10 2.2
6 11 1.8
7 9 1.8
44 F.H. Metwally / Spectrochimic

VPC personal spectroscopy software version 3.7 (Shimadzu
orporation, Kyoto, Japan). All data analysis was performed
sing PLS-Toolbox 2.0 running under MatlabTM, Version 5.3
24].

.2. Materials

(a) Authentic samples. NIF (Batch no. 20040501) and DRO
(Batch No. 776773) were kindly supplied by Eva Pharm
for Pharmaceuticals and Medical appliances (Giza, Egypt).
Their purity was 99.53% and 99.2% respectively, according
to the company analysis certificate.

b) Market samples. Drotazide capsules (Batch no. 603331)
each capsule was labeled to contain 200 mg NIF and 40 mg
DRO (Eva Pharm for pharmaceuticals and Medical Appli-
ances).

(c) Chemicals and reagents. All experiments were performed
with analytical-reagent grade chemicals.

d) Absolute ethanol. Spectroscopic grade (E-Merck, Darm-
stad, Germany).

.3. Preparation of standards

(a) Stock solutions. For both NIF and DRO: Weigh accurately
50 mg pure powder, transfer into a 100 ml volumetric flask
(protected from light due to photosensitivity [25]), add 75 ml
absolute ethanol, shake well, and dilute to volume with
absolute ethanol to prepare a 500 �g ml−1 stock solution.

b) Working solutions. Transfer an accurately measured 20 ml
volume of the stock solution into a 100 ml volumet-
ric flask (protected from light) and dilute to volume
with absolute ethanol to prepare a 100 �g ml−1 working
solution.

.4. Procedures

.4.1. Bivariate method

.4.1.1. Spectral characteristics of NIF and DRO. One
illiliter of each of NIF and DRO working solution were

eparately transferred into a 10 ml volumetric flask (protected
rom light) and diluted to volume with absolute ethanol. The
bsorbance (Fig. 1) was recorded for each solution using abso-
ute ethanol as the blank.

.4.1.2. Linearity Aliquot equivalent. Aliquot equivalent to

.2–1.2 ml of NIF working solution and 0.1–0.8 ml of DRO
orking solution were transferred separately into 10-ml vol-
metric flasks from their respective working standard solution
100 �g ml−1) and completed to volume with ethanol. The spec-
ra of NIF and DRO were recorded and stored on computer. The
egression equations were computed to 229 and 287.5 nm.

.4.1.3. Assay of laboratory-prepared mixtures. The absorp-
ion spectra of different laboratory prepared mixtures were
easured at 229 and 287.5 nm. The concentrations of NIF and
RO were calculated using the parameters of the linear regres-

ion functions evaluated individually for each component at the

8
9

S

ig. 1. Absorption spectra of Nifuroxazide (—) and Drotaverine HCl (- - - - -)
0 �g ml−1 each in ethanol.

ame wavelength and substituting in the following equations:

DRO = mA2(AAB1 − eAB1) + mA1(eAB2 − AAB2)

mA2mB1 − mA1mB2
,

NIF = AAB1 − eAB1 − mB1CDRO

mA1

here eAB1 and eAB2 are the sum of the intercepts of the linear
alibration regression equations at the selected two wavelengths
eAB1 = eA1 + eB1).

mA and mB are the slopes of the linear regression equations
t the two selected wavelengths and C is the concentrations of
IF and DRO.

.4.2. Multivariate analysis

.4.2.1. Construction of the training set. Nine binary mixtures
f NIF and DRO were prepared in triplicate by placing dif-
erent volumes of their working solutions (100 �g ml−1) into
0 ml measuring flasks. The volume was completed to the mark
ith ethanol to reach the concentrations listed in Table 1. The

bsorbencies of these mixtures were measured between 200 and
00 nm at 0.2 nm intervals against ethanol as a blank.
9 2
10 1.8

etting up the design [33].
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Initial developed models were found to have high spectral
esiduals in the region from 200 to 220 nm. As a result, this
egion was rejected. For CLS method, construct CLS model
ith non-zero intercept.

.4.2.2. Constructing the models. To build the CLS model, the
omputer was fed, with the absorbance and concentration matri-
es for training set. The calculations to obtain the K matrix
ere carried out for the PCR and PLS models, the training

et absorbance and concentration matrices together with PLS-
oolbox 2.0 software were used for calculations.

.4.2.3. Selection of the optimum number of factors to build the
CR and PLS models. The cross validation method was used,

eaving out one sample at a time, to select the optimum number
f factors [26]. Given a set of 9 calibration samples the PCR and
LS calibrations were performed, and using this calibration, the
oncentration of the sample left out was predicted. The predicted
oncentrations were then compared with the actual concentra-
ions and the root mean square error of calibration (RMSEC) was
alculated. The maximum number of factors used to calculate
he optimum RMSEC was selected to be 5 (half the number of
amples + 1) [27]. Visual inspection was used for selecting the
ptimum number of factors. Three factors were found suitable
or both PCR and PLS methods as shown in (Fig. 2).

.4.2.4. Validation.
2.4.2.4.1. Construction of the validation set. Different nine

ixtures of NIF and DRO were prepared by transferring differ-

nt volumes of their working solutions (100 �g ml−1) into 10 ml
olumetric flasks and diluting to volume with absolute ethanol.
he suggested models were applied to these mixtures to predict

he concentrations of NIF and DRO (Table 7).

ig. 2. (a) RMSEC plot of a calibration set prediction using cross validation
principal component regression model). (b) RMSEC plot of a calibration set
rediction using cross validation (partial least squares model).
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.5. Application to pharmaceutical preparation
Drotazide® capsules)

The contents of 10 Drotazide® capsules was accurately
eighed and well mixed. Then the powder equivalent to 50 mg
f each NIF and DRO was weighed, transferred into two sep-
rate light protected 250 flasks, extracted with 75 ml absolute
thanol, filtered into two separate light protected 100 ml volu-
etric flasks and completed to volume with the same solvent.
he procedure details under bivariate and multivariate methods
ere then followed.

.5.1. Standard addition technique
Applied as indicated in applications to pharmaceutical prepa-

ation taking into consideration that the powder content of the
apsules and that of the authentic drug of each were mixed well
ogether before proceeding with the above mentioned proce-
ures (Table 8).

. Results and discussion

In a previous study [22], the influence of several variables
uring derivative spectroscopy, densitometry and HPLC meth-
ds were investigated for determination of Nifuroxazide and
rotaverine. In this research two methods were proposed for

he simultaneous determination of Nifuroxazide and Drotaver-
ne hydrochloride in binary mixture without prior treatment
hrough bivariate and multivariate spectrophotometric methods.
he use of this approach allowed the determination of the mix-

ure inspite of the severe spectral overlapping as shown in Fig. 1,
hich preclude the possibility of simultaneous determination of
rotaverine in presence of Nifuroxazide by direct spectropho-

ometry.

.1. Bivariate method

The resolution of two components by the bivariate calibra-
ion has been recently proposed [28–30]. This method is based
n a simple mathematical algorithm, in which the data is used
rom four linear regression equations, two calibrations for each
omponent in the binary mixture (A and B) at the two selected
avelengths (λ1 and λ2) to obtain two equations:

AB1 = mA1CA + mB1CB + eAB1,

AB2 = mA2CA + mB2CB + eAB2

The resolution of such equations set allows the evaluation of
A and CB values (equations in Section 2.4.1.3).

In order to apply this method, select the signals of the two
omponents located at six wavelengths: 216, 229, 238, 264,
87.5 and 308 nm.

The calibration curve equations and their respective linear
egression coefficients are obtained directly with the aim of

nsuring the linearity between the signal and the concentrations.

The slope values of the linear regression were estimated for
oth components at the selected wavelengths and used for deter-
ination of the sensitivity matrices K, proposed by Kaiser’s
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Table 2
Application of the method of Kaiser for the selection of the wavelength set for
the mixture of Nifuroxazide and Drotaverine HCl

λ1/λ2 216 229 238 264 287.5 308

216 0 90.62 102.24 77.54 54.92 36.27
229 0 88.50 96.36 186.46 52.41
238 0 46.74 37.19 46.85
264 0 23.23 14.38
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87.5 0 8.76
08 0

he absolute values of determinants of sensitivity (K × 10−5).

ethod [23]. A series of sensitivity matrices K, were created
or each binary mixture and for every pair of pre-selected wave-
engths.

=
(

mA1 mB1

mA2 mB2

)

here mA1,2, mB1,2 are the sensitivity parameters (slop) of the
egression equations of A and B at the two selected wavelengths
λ1 and λ2). The determinants of these matrices were calculated
Table 2). The wavelength set was selected for which the highest
atrix determinant value was obtained. Thus for the bivariate

etermination of NIF and DRO wavelength 229 and 287.5 nm
ere used. At these wavelengths the one-component calibration

urves were obtained in the range 2–12 �g ml−1 for NIF and
–8 �g ml−1 for DRO. The linear regression calibration formula

sed for the bivariate algorithm are presented in Table 3.

The proposed method is valid for the simultaneous determina-
ion of NIF and DRO in different laboratory prepared mixtures,
ith mean percentage recoveries of 99.94 ± 1.44 for NIF and

T
T
w
b

able 3
inear regression calibration formula used for the bivariate algorithm

inary mixture Component Cal

λ =

ifuroxazide and Drotaverine HCl
Nifuroxazide Y =
Drotaverine HCl Y =

a Where Y is the absorbance value at 229 nm and at 287.5 nm. X the concentration

able 4
etermination of Nifuroxazide and Drotaverine HCl in Laboratory–prepared mixture

ixture number Nifuroxazide

Claimed taken (�g ml−1) Founda (�g ml−1) Recovery

(1:1) 6.0 6.075 101.25
(5:3) 10.0 9.980 99.80
(3:5) 3.0 3.028 100.93
(1:4) 2.0 1.962 98.10
(5:1)b 10.0 9.943 99.43
(1:2) 4.0 3.931 98.28
(2:1) 8.0 8.141 101.76

ean ± S.D.c (%) 99.94 ± 1

a Average of three experiments.
b Ratio present in Drotazide capsules.
c S.D.: standard deviation.
a Part A  69 (2008) 343–349

00.50 ± 1.61 for DRO (Table 4). It has been applied for the
etermination of the two drugs in Drotazide capsules and the
alidity was further assessed by applying the standard addition
echnique (Table 5).

Furthermore, statistical analysis of the results obtained by the
roposed method and the reference method [31] were compared.
he t and F values were computed by a Microsoft Excel program
nd found to be less than tabulated values. This indicates no
ignificant differences with respect to accuracy and precision
Table 6). The results obtained indicate that additives present in
he capsules did not interfere with the studied mixture.

.2. Multivariate method

In this method, different chemometric approaches were
pplied for the determination of NIF and DRO binary mix-
ure; namely CLS, PCR and PLS. These multivariate calibrations
ere useful in spectral analysis because the simultaneous inclu-

ion of many spectral wavelengths instead of single wavelength
reatly improved the precision and predictive ability [32].

The CLS method requires all components in the calibration
amples to be known, while the selection of the optimum number
f factors for the PCR and PLS techniques was a very important
tep before constructing the models. Visual inspection could be
sed for determining the optimum number of factors [27]. In this
tudy, the leave one out cross validation method was used and the
MSEC values of different developed models were compared.

hree factors were found suitable for both PCR and PLS (Fig. 2).
o validate the prediction ability of the suggested models, they
ere used to predict the concentrations of NIF and DRO in
inary mixture in the validation set (Table 7).

ibration equation

229 nm λ = 287.5 nm

0.0435X + 0.0131a, R = 0.9996 Y = 0.0208X + 0.007 R = 0.9994
0.0275X − 0.0011, R = 0.9992 Y = 0.056X − 0.0234, R = 0.9993

in �g ml−1 and r is the correlation coefficients.

s by the Bivariate method

Drotaverine HCl

(%) Claimed taken (�g ml−1) Found (�g ml−1) Recovery (%)

6.0 6.052 100.87
6.0 5.965 99.42
5.0 4.971 99.42
8.0 8.054 100.68
2.0 2.031 101.55
8.0 7.867 98.34
4.0 4.128 103.20

.439 100.50 ± 1.610
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Table 5
Application of standard addition technique to the analysis of Nifuroxazide and Drotaverine HCl in Drotazide capsule by Bivariate method

Drotazide capsule Nifuroxazide Drotaverine HCl

Founda

(%)
Pure added
(�g ml−1)

Pure found
(�g ml−1)

Recovery
(%)

Found
(%)

Pure added
(�g ml−1)

Pure found
(�g ml−1)

Recovery
(%)

Batch
no.
603331

96.12 3 3.015 100.50 105.04 2 2.061 103.05
4 3.891 97.28 3 2.939 97.97
5 4.931 98.62 4 4.006 100.15
6 5.986 99.77 5 4.972 99.44

Mean ± S.D. 99.04 ± 1.407 100.15 ± 2.134

a Average of six experiments.

Table 6
Statistical analysis of the results obtained by the proposed Bivariate method and the reference method for Drotazide capsules (Batch No. 603331)

Parameters The proposed bivariate calibration method Manufacturer method [31]

Nifuroxazide Drotaverine HCl Nifuroxazide Drotaverine HCl

Mean + S.D. (%) 96.12 ± 1.41 105.04 ± 1.62 95.49 ± 1.74 104.13 ± 2.01
N 6 6 6 6
Variance 1.988 2.624 3.020 4.050
t (2.23)* 0.576 0.429 – –
F (5.05)* 1.519 1.543 – –

* The values in parentheses are corresponding to the theoretical values of t and F at (p = 0.05).

F
p

Fig. 4. Concentration residuals vs. known concentrations of Drotaverine HCl

T
R

S

1
2
3
4
5
6
7
8
9

M

*

ig. 3. Predicted concentration vs. actual concentration of Nifuroxazide using
artial least squares (PLS).

u

able 7
esults obtained for the analysis of different laboratory prepared mixtures of Nifurox

ample no. Concentration (�g ml−1) CLS recovery (%)

NIF DRO Nifuroxazide Drotaver

10 2.0 97.90 100.58
9 2.1 98.00 100.50

11 2.1 98.00 100.50
11 2.0 102.40 101.56
10 2.1 101.60 102.00
11 1.9 100.80 100.50

9 1.9 101.20 100.26
9 2.0 99.70 101.00

10 1.9 101.90 99.86

ean ± S.D. (%) 100.12 ± 1.75 100.75 ±
Average of three experiments.
sing partial least squares (PLS).

azide and Drotaverine HCl by the multivariate spectral analysis methods

PCR recovery (%) PLS recovery (%)

ine Nifuroxazide Drotaverine Nifuroxazide Drotaverine

98.50 99.30 99.30 99.65
100.44 100.90 100.65 100.67

99.27 99.09 98.44 100.15
99.36 100.50 98.08 100.91

101.00 99.55 99.99 99.75
100.91 101.89 99.48 101.26

99.67 100.56 101.27 100.23
100.00 100.50 100.50 101.21
100.80 98.83 99.97 101.00

0.66 99.99 ± 0.86 100.12 ± 0.99 99.74 ± 1.03 100.54 ± 0.61
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Table 8
Summary of results obtained by applying the diagnostic tools for model validation of the multivariate spectral analysis methods

Validation parameters Multivariate methods

CLS PCR PLS

Nifuroxazide Drotaverine Nifuroxazide Drotaverine Nifuroxazide Drotaverine

A. Predicted vs. known concentrations plot
1. Slope 0.9754 0.9692 0.9857 0.9694 0.9739 0.9294
2. Intercept 0.0417 0.5261 0.0246 0.5223 0.3481 0.1298
3. Correlation coefficient 0.9992 0.9996 0.9993 0.9995 0.9998 0.9999

B. Residuals vs. actual concentration plot
1. ±error in prediction ±0.124 ±0.146 ±0.086 ±0.156 ±0.108 ±0.087

C. RMSEP value 2.132 × 10−3 3.72 × 10−3 0.0419 0.0342 0.0481 0.01606

MSEP: press/n, press = sum of (y − y′)z.
RMSEP: root mean square error of prediction.

Table 9
Quantitative determination of Nifuroxazide and Drotaverine HCl in Drotazide® capsules by the proposed multivariate spectral analysis methods

Drotazide capsule CLS, found (%) ± S.D.a PCR, found (%) ± S.D.a PLS, found (%) ± S.D.a

Nifuroxazide Drotaverine Nifuroxazide Drotaverine Nifuroxazide Drotaverine

B 41 ±

m

(

(

T
R
a

C

N

5

M

T
S
a

P

M
S
N
S
t

T

atch no. 603331 95.02 ± 1.54 105.98 ± 0.87 95.

a Average of three determinations.

For evaluations of the predictive abilities of the developed
odels, several diagnostic tools were used:
a) Predictive versus actual concentration plot (model and sam-
ple diagnostic) Fig. 3 is a sample graph showing this relation
for NIF by PLS method.

(

able 10
esults of the standard addition technique for the determination of Nifuroxazide and
nalysis methods

laimed taken (�g ml−1) Pure added (�g ml−1) Recovery (%) of pure

IF DRO NIF DRO CLS

NIF DRO

1 4 0.8 99.20 99.
5 0.9 99.67 100.
6 1.0 101.14 98.

ean ± S.D. (%) 100.00 ± 1.01 99.

a Average of three determinations.

able 11
tatistical analysis of the results obtained by applying the proposed multivariate sp
nalysis of mixtures of Nifuroxazide and Drotaverine hydrochloride in pure forms

arameters The proposed methods

CLS PCR

NIF DRO NIF DRO

ean 100.12 100.75 99.99 100.1
.D. 1.75 0.66 0.96 0.9

9 9 9 9
tudent’s t (2.16) 0.885 0.206 0.488 0.6
test (3.69) 1.11 2.58 3.67 1.1

he values in parentheses corresponding to the theoretical values of t and F at (p = 0.
0.68 106.12 ± 0.83 95.44 ± 0.698 106.22 ± 0.63

b) Concentration residuals versus actual concentration plot
(model and sample diagnostic) Fig. 4 is a sample graph

showing this relation for Drotaverine by PLS method.

c) Root mean square error of prediction (RMSEP) (model
diagnostic), the predicted concentrations of the validation
samples were calculated (Table 8).

Drotaverine HCl in Drotazide capsules by the proposed multivariate spectral

addeda

PCR PLS

NIF DRO NIF DRO

54 99.89 100.56 100.24 99.21
47 100.37 99.71 99.71 100.35
69 101.23 101.13 100.43 99.38

57 ± 0.89 100.50 ± 0.68 100.57 ± 0.86 100.13 ± 0.37 99.65 ± 0.62

ectral analysis and the spectrophotometric manufacturer method [31] for the

Manufacturer method

PLS NIF DRO

NIF DRO

2 99.74 100.54 100.93 101.3
9 1.03 0.61 1.84 1.06

9 9 6 6
38 1.66 0.3299 – –
5 3.19 3.02 – –

05).
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The chemometric methods CLS, PCR and PLS were applied
uccessfully to the analysis of the binary mixture in capsules
Table 9). To assess the accuracy of the methods, standard addi-
ion technique was carried out. The recoveries shown in Table 10
re satisfactory indicating that the problem of interference of
he mixture or additives could be solved successfully. Statistical
nalysis of the results obtained by the suggested methods was
arried out against the reference company method [31]. Table 11
hows that the calculated t and F-values were less than the the-
retical ones, indicating no significant differences in accuracy
nd precision.

. Conclusion

Both bivariate and multivariate methods were found to pro-
ide good results in the resolution of the binary mixture of
ifuroxazide and Drotaverine hydrochloride, whose spectra are

trongly overlapping. The resolution of synthetic mixtures by
pplication of the studied methods gives rise to acceptable recov-
ry values in both cases. The proposed methods can be used
ithout any preconcentration or separation process in pharma-

eutical preparation.
The multivariate methods have been developed to compare

he accuracy and precision with the bivariate method (sin-
le wavelength measurements) in the analysis of synthetic
inary mixtures and pharmaceutical preparations containing
ifuroxazide and Drotaverine HCl. Comparison between stan-
ard deviation of the methods (S.D.) assure the preference of the
ultivariate methods to the bivariate method in term of preci-

ion. It is obvious that the information obtained from the whole
pectrum allows to define the sample better than results obtained
rom a single wavelength only, such as spectral differentiation.
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