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Abstract: Individual and simultaneous determinations of some phenothiazine 
drugs are described. The individual determination method is based on the reac-
tion of chlorpromazine hydrochloride (CPH), promethazine hydrochloride (PH), 
trifluoperazine hydrochloride (TFPH), trimipramine maleate (TPM) and thiori-
dazine hydrochloride (TRDH) with complex of [Fe(Bpy)3]3+. In the presence 
of phenothiazine derivatives, [Fe(Bpy)3]3+ is reduced easily to the coloured 
complex [Fe(Bpy)3]2+, which shows an absorption maximum at 525 nm. The 
individual method is highly sensitive and suitable for 0.3–190 µg ml-1 concen-
trations, with detection limits in the range 0.18–2.46 µg ml-1. Simultaneous ki-
netic–spectrophotometric determination of ternary mixture of CPH, PH and TPM 
using principal component regression (PCR), partial least squares (PLS) and 
orthogonal signal correction (OSC)–PLS multivariate calibration methods is also 
described. The simultaneous methods are based on the difference observed in 
the reduction rate of the [Fe(Bpy)3]3+ complex with CPH, PH and TPM in aci-
dic media. The results showed that the simultaneous determination of CPH, PH 
and TPM can be performed in the concentration ranges of 0.5–120.0, 0.3–80.0 
and 5.0–100.0 µg ml-1, respectively, for three methods (PCR, PLS and OSC–PLS). 
The root mean square errors of prediction (RMSEP) of CPH, PH and TPM 
were 0.346, 0.663 and 0.820 (for PCR) 0.317, 0.659 and 0.830 (for PLS) and 
0.087, 0.124 and 0.085 (for OSC–PLS), respectively. The proposed methods 
were successfully applied to the individual and simultaneous determination of 
phenothiazine derivatives in pharmaceutical preparations, the results of which 
compared well with those obtained by the official method, and several synthe-
tic (spiked) samples, whereby satisfactory results were obtained. 
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INTRODUCTION 

Phenothiazine derivatives, an important group of neuroleptics, are used as 
antihistamines, tranquilizers, anti-emetics and antiparkinson.1 The therapeutic 
importance of these drugs has prompted many workers to develop methods for 
their individual and simultaneous determinations in body fluids, as well as in 
pharmaceutical.2−4 There are various analytical procedures for the individual assay 
of phenothiazines, the most important of which being titrimetry,5 conducto-
metry,6 voltammetry,7 spectrofluorometry,8 chemiluminescence,9 HPLC10 and GLC11 
methods. Many spectrophotometric methods for their determination have already 
been proposed based on the oxidation of the drugs to a coloured radical cation 
and the subsequent measurement of absorbance.12−20 Unfortunately, some of 
these methods have some disadvantages, such as the use of non-aqueous media,16 
low sensitivity,17 a heating step,18 a very strong acid,19 a low linear range and 
critical working conditions,12,15 a narrow linear range of application20 and a very 
narrow limit of detection.13 In addition to this, the simultaneous determination of 
phenothiazine derivatives in binary and ternary mixtures was also reported.21−26 

Gutierrez et al. proposed a stopped-flow method for the simultaneous determina-
tion of perphenazine (PP) and chlorpromazine hydrochloride (CPH).21 Chen et 
al. reported the simultaneous flow-injection determination of CPH and prometha-
zine hydrochloride (PH) by a photochemical reaction.22 The simultaneous kinetic 
determination of phenothiazine drugs was also reported.23 Fasanmade reported a 
multivariate calibration method based on principal component regression (PCR) 
for the simultaneous ultraviolet (UV) determination of an oxidation product of 
CPH sulphoxide.24 Shamsipur et al. tested partial least-squares (PLS) regression, 
singular value decomposition-based PLS, and an artificial neural network (ANN) 
as calibration procedures for the simultaneous determination of PH, CPH, and PP 
by both conventional and derivative spectrophotometry.25 Recently, Hemmateen-
ejad et al. reported the simultaneous determination of a ternary mixture of PH, 
CPH and PP based on the net analyte signal (NAS)–ANN model using conven-
tional and derivative absorbance spectra.26 To the best of our knowledge, no che-
mometrics methods for the simultaneous determination of these drugs using ki-
netic–spectrophotometric methods have been reported. 

The theories and applications of chemometric methods, such as PCR and 
PLS, to the analysis of multi-component mixtures have been discussed by several 
workers.27−32 Multivariate calibration methods have been successfully applied to 
multi-component kinetic determination in order to overcome some of the draw-
backs of classical methods. Soft algorithms, such as PCR, PLS and ANN, which 
avoid co-linearity problems, have been used for the simultaneous determination 
of analytes having the same chemical properties, which cannot be resolved with 
common methods. 
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The formation of the complex between Fe(III) and 2,2'-bipyridine (bpy) is 
the basis of existing spectrophotometric methods for the determination of trace 
amounts of reducing agents.33 Reducing agents can be determined through re-
ducing the [Fe(bpy)3]3+ complex, followed by treating the coloured complex of 
[Fe(bpy)3]2+. Recently, a kinetic–spectrophotometric determination of a ternary 
mixture of hydrazine and its derivatives by PCR and PLS methods based on the 
difference observe in the rate of reduction of [Fe(bpy)3]3+ with hydrazine, thio-
semicarbazide and phenylhydrazine in a micellar media of sodium dodecyl sul-
phate (SDS) and buffer of pH 3.0 was reported.34 In this paper, a new, simple, 
rapid and sensitive indirect spectrophotometric method for the individual micro-
determination of five phenothiazine drugs, containing CPH, PH, trifluoperazine 
hydrochloride (TFPH), trimipramine maleate (TPM) and thioridazine hydrochlo-
ride (TRDH). Also, in this study, principal component regression (PCR), partial 
least squares (PLS) and orthogonal signal correction (OSC)–PLS multivariate ca-
libration methods for the analysis of ternary mixtures of CPH, PH and TPM, 
using the observed difference in the reduction rate of [Fe(bpy)3]3+ with these 
drugs in acidic media, were used. 

EXPERIMENTAL 
Apparatus and software 

A GBC UV–Visible Cintra 6 Spectrophotometer with 1-cm glass cells, attached to a Pen-
tium IV computer was used for recording the absorbance spectra and the kinetic spectrophoto-
metric data. A Metrohm 780 pH-meter furnished with a combined glass-saturated calomel 
electrode was calibrated with at least two buffer solutions at pH 1.00 and 7.00. Measurements 
of the pH were made with a Metrohm 691 pH-meter using a combined electrode. The data 
were treated in an AMD 2000 XP (256 Mb RAM) microcomputer using Matlab software. PLS 
and PCR analysis were performed using PLS and PCR toolboxes in the Matlab program 
version 7.0. 
Reagents and standard solutions 

All reagents were of analytical reagent grade. Triply distilled water was used throughout. 
Stock solutions (1000 µg ml-1) of chlorpromazine hydrochloride, promethazine hydrochloride, 
trifluoperazine hydrochloride, trimipramine maleate and thioridazine hydrochloride (all from 
Biochemicals Inc., USA) were prepared by dissolving 100 mg each of the phenothiazine salts 
in distilled water and diluting to the mark in 100 ml volumetric flasks. These solutions were 
spectrophotometrically stable for at least 48 h. Standard solutions were prepared by appro-
priate dilution of the above solutions. A stock solution of 5.0×10-2 M 2,2'-bipyridine was pre-
pared by dissolving 0.784 g of 2,2'-bipyridine (Merck) in water and diluting to the mark in a 
100 ml volumetric flask. A stock solution of 5×10-2 M of Fe(III) was prepared by dissolving 
2.43 g of Fe(NH4)(SO4)2·12H2O (Merck) in water and diluting to the mark in a 100 ml volu-
metric flask. A buffer solution of pH 4 was prepared using sodium acetate and hydrochloric 
acid at appropriate concentrations. 
General procedure 

The [Fe(bpy)3]3+ complex as the oxidizing agent for both the individual and simulta-
neous method of determination was prepared daily in a 25 ml volumetric flask by the addition 
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of 2.5 ml of buffer solution (pH 4.0), 0.2 ml of Fe(III) solution (0.05 M) and 1.0 ml of bpy 
solution (0.05 M) and then diluting with water to the mark. For each measurement in the 
individual determination, 2.0 ml of the above solution was transferred to a spectrophotometer 
cell, then an appropriate volume of CPH, PH, TFPH, TPM or TRDH in the range of 0.5–120, 
0.3–100, 7–190, 5–100 and 3–120 µg ml-1, respectively, was injected into the cell using a 
micro-syringe and the absorbance was recorded at 525 nm after 200 s. In the simultaneous 
determination method, the temperature was thermostated at 25 °C for 10 min, 2.4 ml of solu-
tion was transferred into the glass cell of the spectrophotometer and the absorbance of this 
solution was zeroed before injecting the analyte(s). Then, an appropriate volume of CPH, PH, 
TPM or a mixture of them in their concentration ranges was injected into the cell using a 
micro-syringe and absorbance was recorded at 525 nm every 2.0 s. 
Sample preparation procedure for tablets and injections 

Twenty tablets were weighed and finely powdered. An accurately weighed amount of the 
powder equivalent to 50 mg of phenothiazine salt was transferred into a 100 ml volumetric 
flask and diluted to the mark with water. The powder was completely dispersed using a me-
chanical stirrer and the solution was filtered. A suitable aliquot of this solution within the wor-
king range of the individual phenothiazine was treated as described in the recommended procedure. 

An accurately measured volume from the injections was appropriately diluted to obtain 
500 µg ml-1 of phenothiazine salt solution. A suitable aliquot of this solution was taken and 
the recommended procedure followed for the analysis of the drug content. 

RESULTS AND DISCUSSION 
The Fe(III)–bpy system allows the spectrophotometric determination of a re-

ducing agent, Ared, as follows:33,34 
 n[Fe(bpy)3]3+ + Ared  →  n[Fe(bpy)3]2+ + Aox 

The above reaction is completed with the formation of an equivalent amount 
of [Fe(bpy)3]2+ with respect to the n-electron reductant, Ared. The reduction of 
[Fe(bpy)3]3+ to the complex [Fe(bpy)3]2+ (with λmax = 525 nm) is completed in 
the presence of a suitable reducing agent, such as phenothiazine derivatives, in a 
few minutes. A linear correlation was found between the absorbance at λmax for 
each drug and the concentration in the range given in Table I. The intercepts, 
slopes and correlation coefficients for the calibration data of the phenothiazine 
drugs are also presented in Table I. 

The reduction rate of [Fe(bpy)3]3+ with CPH, PH and TPM is different. This 
difference provides the possibility for resolving their mixtures using PCR, PLS 
and OSC–PLS multivariate calibration methods. The characteristics of the cali-
bration curves for the determination of CPH, PH and TPM for PCR, PLS and 
OSC–PLS are given in Table I. 

A series of experiments was conducted to establish the optimum analytical 
parameters to achieve maximum sensitivity in the individual determination of 
CPH, PH, TFPH, TPM and TRDH and the simultaneous determination of CPH, 
PH and TPM. The experimental parameters, such as the concentrations of the 
reagents, temperature and pH of the solution were optimized. The optimization 
process gave similar results for both methods (individual and simultaneous deter-
minations). 
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TABLE I. Analytical parameters for the determination of phenothiazine drugs 
Parameter CPH PH TFPH TPM TRDH 
Colour Pink Pink Pink Pink Pink 
λmax / nm 525 525 525 525 525 
Stability, h 48 48 48 48 48 
The Beer law limits, µg ml-1 0.5–120 0.3–80 7–190 5–100 3–120 
Detection limita, µg ml-1 0.33 0.18 1.60 1.20 1.20 
Molar absorptivity, cm2 mol-1 0.263 0.227 0.631 0.356 0.350 
The Sandell sensitivity 
µg cm-2 per A unit 

13.5 14.1 7.6 11.5 11.6 

Regression equationb 
Regression coefficient (r) 0.9982 0.9984 0.9988 0.9989 0.9987 
Slope (b / cm3 mg-1) 13.5 14.1 6.5 11.5 11.6 
Intercept (a) 0.1688 0.0490 0.1238 0.0941 0.1149 
RSDc / % 1.2 1.6 0.9 1.4 1.5 
aTheoritical detection limit (3Sb or three times the standard deviation of the blank);23 bA= a + bC, where A is 
the absorbance for concentration c in mg cm-3; crelative standard deviation (calculated from five determinations) 

Absorption spectra 
The reagent blank does not absorb in visible range of the spectrum but when 

CPH, PH, TFPH, TPM or TRDH has reacted with [Fe(bpy)3]3+, a pink-coloured 
cationic product, [Fe(bpy)3]2+, is formed, with a peak of absorbance at 525 nm. 
The absorption spectra of the products and reagent blank are shown in Fig. 1. 

Fig. 1. Absorption spectra of the 
Fe(III)–bpy reagent blank (a), 
Fe(III)–bpy complex in the pre-
sence of 40 µg ml-1 of TFPH (b), 
TRDH (c), TPM (d), CPH (e) 
and PH (f). 

Effect of Fe(III) and bpy concentrations 
The effect of the Fe(III) and bpy concentrations, in the ranges 5.0×10−4– 

–1.0×10−2 and 5.0×10−4−5.0×10−3 M, respectively, were studied. At a constant 
concentration of Fe(III) of 4.0×10–4 M, the bpy concentration was varied in the 
above-mentioned range. For each CPH, PH, TFPH, TPM and TRDH in their 
individual determination and in the ternary mixture of CPH, PH, and TPM in 
their simultaneous (for the three PCR, PLS and OSC–PLS methods) determi-
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nation, increasing the bpy concentration up to 2.0×10−3 M resulted in an increase 
in the reaction rate and the absorbance. However, at higher concentrations of 
bpy, a decrease in the reaction rate and absorbance was observed. This might be 
due to the fact that high concentrations of bpy would result in a positive inter-
ference from Fe(III), which could have arisen from incomplete conversion of 
Fe(II) into the [Fe(bpy)3]2+ complex via mixed ligand complex formation. There-
fore, the bpy concentration of 2.0×10−3 M was selected as the optimum concentration. 

The effect of the Fe(III) concentration on the reaction rate and absorbance of 
CPH, PH, TFPH, TPM and TRDH at constant concentration of bpy (2.0×10−3 M) 
was studied. Increasing the Fe(III) concentration up to 4.0×10−4 M resulted in an 
increase in the reaction rate and absorbance in the individual determinations of 
CPH, PH, TFPH, TPM and TRDH and the simultaneous determination of CPH, 
PH and TPM. However, at higher concentrations of Fe(III), a decrease in the re-
action rate and absorbance was observed. Thus, for both the individual and si-
multaneous (for each three PCR, PLS and OSC–PLS methods) determinations of 
these drugs, a Fe(III) concentration of 4.0×10−4 M was chosen as the optimum 
concentration for further studies. 
Effect of pH 

The effects of pH on the absorbance and reduction of [Fe(bpy)3]3+ by CPH, 
PH, TFPH, TPM and TRDH and the formation of the [Fe(bpy)3]2+ complex, as 
well as on the reaction rates were studied over the pH range 1.0–6.0. The effect 
of pH on the absorbance of the solution mixture is shown in Fig. 2. The absor-
bance and reaction rate increased with increasing pH up to 4.0, but thereafter 
decreased. Therefore, for both the individual and simultaneous (for each three 
PCR, PLS and OSC–PLS methods) determinations of these drugs, a pH value of 
4.0 (acetate buffer) was chosen as the optimal pH for further studies. 

 
Fig. 2. Effect of pH on the absorbance of 20 µg ml-1 of TPM (●), TFPH (▲), TRDH (∆), CPH 

(♦) and PH (■). Conditions: 4×10-4 M Fe(III); 2×10-3 M bpy; 25 °C temperature. 
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Effect of temperature, reaction time and stability of the colour 
The effect of temperature on the absorbance and reaction rates was studied 

in the range of 25–70 °C. From the results, it can be concluded that increasing the 
temperature led to an increase in the reaction rates for each five analytes but tem-
perature had no effect on the absorbance. However, for the sake of simplicity and 
for a better control of temperature effects on the precision of determinations, 25 °C 
was chosen as the optimal temperature. In the individual determinations, at room 
temperature (25 °C), it was necessary to wait for at least 2 min after drug addition 
before the absorbance was measured to allow its reaction with the [Fe(bpy)3]3+ 
complex to go to completion. Therefore, all absorbance values were measured 
after 200 s from the initiation of the reaction. The coloured products were stable 
for at least 48 h. 
Absorbance–time behaviour 

Under the optimized conditions, the reactions of CPH, PH and TPM with 
[Fe(bpy)3]3+ complex showed different kinetic behaviours (Fig. 3). These dif-
ferences in the reaction rates allowed multivariate calibration methods to be de-
signed as techniques for the simultaneous determination of CPH, PH and TPM. 

 
Fig. 3. Absorbance changes of the Fe(III)/bpy complex vs. time in the reaction with: 10 µg ml-1 of 

TPM (a), CPH (b), 1 PH (c) and a mixture of them (d). 

Accuracy and precision 
In the individual determination method, the accuracy of the method was 

established by analyzing the pure drugs at three concentration levels and the pre-
cision by determining the relative standard deviation (RSD) for seven replicate 
analyses on the same solution containing three different concentration levels for 
each drug (Table II). 
Multivariate calibration and statistical parameters 

Multivariate calibration methods, such as PCR, PLS and OSC–PLS, require 
a suitable experimental design of a standard belonging to the calibration set in 
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order to provide for a good prediction. The first step in the simultaneous determi-
nation of the drugs by the PCR, PLS and OSC–PLS methodologies involved 
constructing a calibration mixture for the mixtures of CPH, PH and TPM. A syn-
thetic set of 40 solutions of mixtures of CPH, PH and TPM were prepared accor-
ding to the experimental design of three factors at three levels. The concentration 
ranges used were 0.5–120.0, 0.3–80.0 and 0.50–100.0 µg ml−1 for CPH, PH and 
TPM, respectively. From these series, 27 solutions were chosen for the calibra-
tion set (Table III) and the other 13 were used as the prediction set (Table IV). 
Changes in the absorbance of the solutions were recorded during a period of 300 s. 
TABLE II. Accuracy and precision data 

Amount, µg ml-1 Pheothiazine derivative 
Taken Found 

RSD / % 
(n = 7) 

CPH 2 
50 

110 

2.0 
50.6 
111.7 

1.9 
2.4 
2.9 

TFPH 8 
60 

180 

7.9 
61.1 
177.2 

3.1 
2.0 
2.5 

PH 0.5 
10 
60 

0.5 
10.3 
59.2 

2.8 
1.6 
2.5 

TPM 
5 
30 
70 

4.8 
30.4 
68.9 

2.7 
2.6 
2.1 

TRDH 
20 
75 

100 

19.6 
76.4 
98.7 

2.5 
1.9 
2.8 

TABLE III. Calibration set for constructing the PCR and PLS models in the determination of 
CPH, PH and TPM 

Concentration, µg ml-1 Concentration, µg ml-1 Sample 
CPH PH TPM 

Sample 
CPH PH TPM 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
7.0 
7.0 
7.0 
7.0 
7.0 

1.0 
1.0 
1.0 
3.0 
3.0 
3.0 
6.0 
6.0 
6.0 
1.0 
1.0 
1.0 
3.0 
3.0 

9.0 
12.0 
15.0 
9.0 
12.0 
15.0 
9.0 
12.0 
15.0 
9.0 
12.0 
15.0 
9.0 
12.0 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

7.0 
7.0 
7.0 
7.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

3.0 
6.0 
6.0 
6.0 
1.0 
1.0 
1.0 
3.0 
3.0 
3.0 
6.0 
6.0 
6.0 

15.0 
9.0 
12.0 
15.0 
9.0 
12.0 
15.0 
9.0 
12.0 
15.0 
9.0 
12.0 
15.0 
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TABLE IV. Prediction set for constructing the PCR, PLS and O–PLS models in the deter-
mination of CPH, PH and TPM 

Amount predicted, µg ml-1 Amount added 
µg ml-1 PCR PLS O–PLS Sample 

CPH PH TPM CPH PH TPM CPH PH TPM CPH PH TPM 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

5.75 
6.00 
6.00 
4.50 
9.00 
9.50 
7.75 
8.50 
9.25 
8.50 
8.75 
7.50 

15.50 

2.25 
2.00 
3.10 
3.50 
1.75 
1.25 
3.25 
3.25 
5.00 
6.00 
4.50 
5.50 
3.20 

9.00 
9.00 
9.75 
8.25 
12.75 
13.00 
12.25 
13.25 
15.00 
15.25 
14.25 
13.00 
21.50 

5.79 
5.85 
5.94 
4.87 
8.95 
9.41 
7.91 
8.62 
9.36 
9.00 
9.42 
8.24 

15.23

2.04 
2.08 
3.17 
2.92 
1.74 
1.36 
3.08 
3.21 
4.47 
5.43 
3.21 
3.75 
3.08 

9.55 
8.21 
9.67 

10.20
13.01
12.55
13.25
13.06
16.63
18.74
19.97
20.06
21.90

5.78 
5.84 
5.94 
4.86 
8.94 
9.41 
7.90 
8.61 
9.33 
9.03 
9.39 
8.21 
15.2 

2.04 
2.08 
3.16 
2.91 
1.75 
1.36 
3.10 
3.23 
4.50 
5.45 
3.23 
3.75 
3.12 

9.52 
8.21 
9.61 

10.19
13.04
12.55
13.33
13.13
16.73
18.80
20.00
20.02
22.06

5.70 
5.95 
5.95 
4.60 
8.92 
9.5 
7.78 
8.65 
9.12 
8.57 
8.67 
7.33 

15.20

2.22 
1.90 
3.14 
3.43 
1.81 
1.22 
3.35 
3.18 
4.91 
6.35 
4.69 
5.53 
3.16 

8.82 
8.92 
9.75 
8.21 
12.69 
13.05 
12.25 
13.25 
15.02 
15.26 
14.28 
13.11 
21.68 

To select the number of factors in the PCR, PLS and OSC–PLS algorithm, a 
cross-validation leaving out one sample method was employed.35 The prediction 
error was calculated for each compound for the prediction set. This error was ex-
pressed as the prediction residual error sum of squares (PRESS): 

 PRESS =∑
=

−
m

i
ii cc

1

2E )(  (1) 

where m is the total number of calibration samples, E
ic  represents the estimated 

concentration and ci is the reference concentration for the i-th sample left out of 
the calibration during cross validation. A plot of PRESS against the number of 
factors for a mixture of the components is shown in Fig. 4. To find the smallest 
number of factors, F-statistics was employed to perform the significant determi-
nation.35 The optimal number of factors yielding the smallest error (PRESS) for 
the three compounds was found to be 3 for PCR, PLS and OSC–PLS. The vali-
dation step of the methodologies was performed by running PCR, PLS and OSC–PLS 
on the prediction set. 

For the evaluation of the predictive ability of a multivariate calibration mo-
del, the root mean square error of prediction (RMSEP) and the relative standard 
error of prediction (RSE) can be employed:28 

 RMSEP = ∑
=

−N

i

ii
n

cc
1

2E )(
 (2) 
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where E
ic represents the estimated concentration, ci and n are the actual analyte 

concentration and the number of samples, respectively. 

 
Fig. 4. Plot of PRESS against the number of factors for a mixture of CPH, PH, TPM for the 

PCR (♦), PLS (■) and O–PLS (▲) methods. 

The square of the correlation coefficient (R2), which is an indication of the 
quality fit of all the data to a straight line, is given by: 

 R2 = 
∑

∑

=

=

−

−

N

j
i

N

i
i

cc

cc

1

2
m

1

2
m

E

)(

)(
 (4) 

where cm represents the mean of the actual concentration in the prediction set.36 
The values of RSE, RMSEP and R2 for each component using PLS, PCR and 

OSC–PLS are given in Table V, from which it can be seen that the obtained va-
lues for the statistical parameters were almost the same for the PLS and PCR me-
thods, while the best results were obtained using the OSC–PLS method. 
TABLE V. Statistical parameters calculated for the prediction set using the PCR, PLS and  
O–PLS models 

RSE / % RMSEP R2 Component 
PCR PLS O–PLS PCR PLS O–PLS PCR PLS O–PLS 

CPH 
PH 
TPM 

3.97 
4.50 
5.08 

3.78 
4.36 
4.80 

1.03 
3.30 
0.65 

0.346 
0.663 
0.820 

0.317 
0.659 
0.830 

0.087 
0.124 
0.085 

0.9869
0.8836
0.7273

0.9879 
0.8812 
0.7335 

0.9988 
0.9949 
0.9998 
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Interference studies 
Interference by commonly associated excipients in pharmaceutical prepara-

tion, such as talc, glucose, starch, lactose, dextrose, sodium alginate and magne-
sium stearate, was investigated by preparing synthetic mixtures containing 20 µg ml−1 
of each drug and 10-fold excess amounts of the excipients. The tolerance limit 
was defined as the concentration which gave an error of 3 % or less in the deter-
mination of 20 µg ml−1 of drug. The results are presented in Table VI, from 
which it is clear that the method is free from interferences of excipient species. 
Only ascorbic acid appeared to interfere with drugs in this method. The interfe-
rence of ascorbic acid was eliminated when the synthetic sample solution was 
measured after times greater or equal to one hour. 
TABLE VI. Recovery of 20 µg ml-1 of phenothiazine drugs from solutions with a 10-fold 
concentration of various additives used as excipients 

Recovery of phenothiazine drug ± RSDa, %  Additive 
CPH TPM TRDH PH TFPH 

Talc 100.6±1.1 101.0±0.8 100.8±0.9 101.8±1.4 101.0±0.6 
Glucose 101.9±1.2 100.8±1.3 102.8±1.5 99.6±1.1 100.5±0.8 
Starch 98.7±1.3 100.2±0.7 100.4±0.9 99.2±1.4 103.0±1.2 
Lactose 102.5±1.0 100.6±1.7 101.9±1.3 100.8±0.8 98.0±1.5 
Dextrose 98.5±1.3 101.3±0.8 101.6±1.3 102.6±1.4 101.4±1.1 
Sodium alginate 101.6±1.0 100.9±1.5 01.6±1.0 100.2±0.7 101.4±1.4 
Magnesium stearate 100.6±1.4 100.4±0.6 102.8±1.6 100.2±0.7 101.7±1.4 
aAverage of four determinations 

Application 
The proposed individual method was successfully applied to the determi-

nation of CPH, PH, TFPH, TPM and TRDH in pharmaceutical preparations. The 
same samples were also analyzed by the British Pharmaceutical (BP) official me-
thod,37 and recovery percent, standard deviation (SD), T-test and F-test values 
were calculated (Table VII). The results reveal that similar degrees of accuracy 
and precision are afforded by both methods. 
TABLE VII. Results of the determination of the studied drugs in pharmaceutical formulations 

Foundb (recovery ± SD / %) Drug and 
formulationa 

Label claim 
mg/tablet or 

mg/ml Proposed method Official BP method Student’s 
T-valuec 

F-valued 

CPH 
Tablet (1) 25 99.42±0.86 99.23±1.14 1.64 3.85 
Tablet (1) 100 98.89±0.96 100.76±0.92 1.44 1.90 
Injection (1) 25 99.85±0.54 101.24±0.82 1.96 2.65 

TFPH 
Tablet (2) 1 99.34±1.12 99.64±0.89 2.24 2.84 
Tablet (2) 5 100.8±0.70 99.36±0.58 1.85 2.75 
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TABLE VII. Continued 
Foundb (recovery ± SD / %) Drug and 

formulationa 

Label claim 
mg/tablet or 

mg/ml Proposed method Official BP method Student’s 
T-valuec 

F-valued 

TFPH 
Tablet (2) 10 99.04±1.06 100.60±0.81 1.45 2.90 
Injection (2) 1 98.96±0.70 100.34±0.58 1.76 3.85 

PH 
Tablet (1) 25 99.10±0.82 99.56±0.76 2.34 2.65 
Injection (1) 25 98.28±0.56 98.56±0.64 2.50 3.75 

TPM 
Tablet (1) 25 101.60±0.48 99.42±0.72 1.90 1.82 
Injection (1) 100 101.84±0.64 100.30±0.43 1.58 2.95 

TRDH 
Tablet (3) 10 100.80±0.94 99.92±0.82 2.15 2.88 
Tablet (3) 25 100.40±0.76 100.74±0.54 2.60 2.05 
Tablet (3) 100 101.24±0.98 100.16±0.42 2.05 3.25 
aMarketed by: 1 – Tehran Chimi; 2 – Iran Daru Pakhsh; 3 – Pars Minoo; baverage of five determinations ± stan-
dard deviation; ctabulated Student’s T-value at the 95 % confidence level is 2.78; dtabulated F-value at the 95 % 
confidence level is 6.39 

In order to assess the applicability of the proposed simultaneous determi-
nation methods (PCR, PLS and OSC–PLS) to the analysis of real samples, it was 
applied to the determination of the three phenothiazine derivatives in different 
synthetic mixtures. Thus, six different mixtures used in commercially available 
CPH, PH and TPM tablets were prepared and analyzed. Each measurement was 
repeated 3 times. The deviation results (Table VIII) show that the calculated 
values for all mixtures were in satisfactory agreement with the declared values. 
TABLE VIII. Simultaneous determination of phenothiazines in tablet mixtures by application 
of PLS, PCR and OSC–PLS 

Recovery, % 
Taken, mg 

PCR PLS O–PLS Sample 

CPH PH TPM CPH PH TPM CPH PH TPM CPH PH TPM 
1 6.00 3.00 11.00 95.66

±0.98 
103.53
±1.26 

95.63
±1.04 

102.42
±1.22 

101.24
±0.96 

101.25
±1.13 

100.64
±0.62 

101.20 
±1.05 

97.36 
±1.40 

2 7.00 3.50 12.00 97.85
±1.06 

99.42
±0.86 

99.00
±0.92 

99.20
±0.82 

105.20
±1.15 

104.34
±0.74 

98.82
±1.30 

97.23 
±0.65 

104.17 
±0.81 

3 10.00 5.00 17.00 98.50
±0.75 

104.00
±1.47 

95.52
±0.58 

98.50
±0.56 

102.10
±1.18 

96.47
±0.83 

103.23
±1.17 

105.32 
±1.22 

96.25 
±0.85 

4 6.50 3.20 10.00 97.38
±0.68 

106.20
±1.80 

97.80
±0.66 

104.52
±0.67 

97.20
±1.24 

100.52
±0.89 

99.05
±0.57 

102.06 
±1.25 

99.08 
±0.98 

5 9.50 5.00 16.50 96.31
±0.94 

103.20
±0.72 

96.54
±1.33 

100.66
±0.78 

102.76
±1.14 

101.35
±1.69 

94.78
±1.85 

98.32 
±0.94 

103.45 
±1.63 

6 10.00 4.50 13.00 98.30
±0.63 

105.05
±1.08 

100.92
±0.90 

96.24
±0.66 

103.02
±0.88 

99.48
±0.96 

103.88
±0.86 

102.76 
±1.56 

102.29 
±1.39 
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CONCLUSIONS 
This individual determination method is simple, rapid, quite selective and 

highly sensitive in comparison to other reported methods. The other advantages 
of the present method over the previous methods include rate of development and 
stability of the colour of the product, wide range of determination without the 
necessity for heating or extracting, low detection limit with high accuracy and 
precision. The high λmax (in the visible region) of the proposed method is a de-
cisive advantage, since interference from associated excipients was not observed. 
Furthermore, in this method, toxic organic solvents are not required. In other 
words, it belongs to green chemistry. Thus, it is hoped that this method can be 
used as an alternative for the rapid and routine microdetermination of bulk 
samples and various pharmaceutical formulations. In short, the proposed method 
is a step towards this direction. 

In this study, it was shown that the application of multivariate calibration 
methods, such as PCR, PLS and OSC–PLS, could be well applied for the simul-
taneous determination of CPH, PH and TPM. The three proposed methods are 
cheaper than chromatographic methods. Furthermore, in these methods, the use 
of toxic organic solvents is not required. In other words, they belong to green 
chemistry. The proposed methods as new, inexpensive and sensitive methods of-
fers good selectivity, accuracy and precision and can be applied for a wide range 
of CPH, PH and TPM concentrations. 

И З В О Д  

ПОЈЕДИНАЧАНА И УПОРЕДНА ОДРЕЂИВАЊА ФЕНОТИАЗИНСКИХ 
ЛЕКОВА ПОМОЋУ CR, PLS И (OSC)–PLS КАЛИБРАЦИОНИХ 

МЕТОДА СА ВИШЕ ПРОМЕНЉИВИХ 

MOHAMMAD ALI KARIMI1,2,3, MOHAMMAD MAZLOUM ARDAKANI4, REZA BEHJATMANESH-ARDAKANI2, 
MOHAMMAD REZA HORMOZI NEZHAD5 и HAMZEH AMIRYAN2 

1Department of Chemistry, Payame Noor University of Sirjan, Sirjan, 2Department of Chemistry, 
Payame Noor University of Ardakan, Ardakan, 3Department of Chemistry, Shahid Bahonar 

University of Kerman, Kerman, 4Department of Chemistry, Yazd University, 
Yazd and 5Department of Chemistry, Persian Gulf University, Bushehr, Iran 

У раду је описано појединачно и упоредно одређивање неких фенотиазинских лекова. 
Метода појединачног одређивања заснована је на реакцији хлорпромазин-хидрохлорида 
(CPH), прометазин-хидрохлорида (PH), трифлоуроперазин-хидрохлорида (TFPH), тримипра-
мин-малеата (TPM) и тиоридазин-хидрохлорида (TRDH) са комплексним јоном [Fe(bpy)3]3+. 
У присуству фенитазинских деривата, [Fe(bpy)3]3+ се лако редукује формирајући обојен ком-
плексни јон [Fe(bpy)3]3+, који показује абсорбциони максимум при таласној дужини од 525 nm. 
Метода је веома осетљива и погодна за одређивањас у опсегу концентрација 0,3–190 µg ml-1, 
са границом детекције од 0,18–2,46 µg ml-1. У раду је такође описано спектрофотометријско 
одређивање тројних смеша CPH, PH и TPM применом мултиваријантних метода калибрације 
(PCR, PLS и OSC–PLS). Методе симултаног одређивања заснивају се на различитој брзини 
редукције комплексног јона [Fe(бpy)3]3+ са CPH, PH и TPM у киселој средини. Резултати 
указују на то да CPH, PH и TPM могу бити упоредно одређени методама PCR, PLS и OSC–PLS у 
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областима концетрације 0,5–120,0; 0,3–80,0 и 5,0–100,0 µg ml-1, респективно. Средња ква-
дратна грешка предвиђања концентрације CPH, PH и TPM износи 0,346; 0,663 и 0,820 за ме-
тоду PCR, 0,317; 0,659 и 0.830 за методу PLS и 0,087; 0,124 and 0,085 за методу OSC–PLS, 
респективно. Предложене методе су успешно примењене за појединачно и истовремено одре-
ђивање фенотиазинских деривата у фармацеутским препаратима, чији се резултати добро 
слажу са званичном методом, и на неколоко синтетичких узорака, при чему су добијени за-
довољавајући резултати. 

(Примљено 14. септембра 2006, ревидирано 24. јула 2007) 

REFERENCES 
1. C. O. Wilson, O. Gisvold, R. F. Doerge, Text Book of Organic Medical and Pharma-

ceutical Chemistry, 7th Ed., New York, 1977 
2. H. P. Tarasiewicz, J. Karpinska, Pharmazie 47 (1992) 887 
3. V. G. Belikov, G. F. Moiseeva, Farmatsiya Moscow 36 (1986) 87 
4. J. Blazek, A. Dymes, Z. Stejskal, Pharmazie 31 (1976) 681  
5. G. Dusinsky, O. Liskova, Chem. Zvesti. 12 (1958) 213  
6. F. Dima, I. Bella, P. Gasper, J. Chromatogr. 156 (1978) 327 
7. Z. Q. Zhaug, Z. G. Chen, H. Zhaug, Microchem. J. 53 (1996) 282 
8. J. J. Menninger, C. E. Keeler, Anal. Chem. 36 (1996) 1840  
9. J. L. Loez paz, A. Townshend, Anal. Commun. 33 (1996) 31 

10. D. Deorsi, L. Gagliardi, D. Yonelli, J. Pharm. Biomed. Anal. 14 (1995) 1635 
11. I. L. Zhuravleva, M. B. Terenina, R. V. Golovnya, M. A. Filiminova, Khim–Farm. Zh. 5 

(1993) 58 
12. K. Basavaiah, P. G. Rammapa, J. Inst. Chem. India 56 (1984) 107  
13. Jayarama, M. V. M. D'Souza, H. S. Yathirajan, Rangaswamy, Talanta 33 (1986) 352 
14. S. M. Hassan, F. Bella, F. Ibrahim, F. A. Aly, Anal. Lett. 22 (1989) 1037 
15. W. Misiuik, M. Tarasiewicz, Pharmazie 48 (1993) 66 
16. M. M. El-Kerdway, M. A. Moustafa, S. M. El-Ashry, D. R. El-Wazzi, Anal. Lett. 26 

(1993) 1669 
17. W. Misiuik, M. Tarasiewicz, Pharmazie 51 (1996) 62 
18. K. Basavaiah, G. Kreihnamurthy, Anal. Lett. 31 (1998) 1485 
19. K. C. Srinivasamurthy, J. Seetharamappa, Indian J. Pharm. Sci. 62 (2000) 273 
20. K. Basavaiah, J. M. Swamy, Anal. Sci. 17 (2001) 963 
21. M. C. Gutierrez, A. Gomez–Hens, D. Perez–Bendito, Anal. Lett. 20 (1987) 1947 
22. D. Chen, A. Rios, M. D. Luque de Castro, M. Valcarcel, Talanta 38 (1991) 1227 
23. B. Gala, A. Gomez–Hens, D. Perez–Bendito, Anal. Chim. Acta 310 (1995) 453 
24. A. A. Fasanmade, Anal. Lett. 27 (1994) 1955 
25. M. Shamsipur, B. Hemmateenejad, M. Akhond, J. AOAC Int. 85 (2002) 555 
26. B. Hemmateenejad, M. A. Safarpour, A. M. Mehranpour, Anal. Chim. Acta 535 (2005) 275 
27. S. R. Crouch, T. F. Cullen, A. Scheeline, E. S. Kirkor, Anal. Chem. 72 (2000) 53  
28. H. Goicoechea, C. A. C. Olivieri, Anal.Chim. Acta 453 (2002) 189 
29. H. Abdollahi, J. Zolgharnein, G. H. Azimi, D. Jafarifar, Talanta 59 (2003) 1141  
30. J. Ghasemi, H. R. Seraji, M. Noroozi, M. Hashemi, A. Jabbari, Anal. Lett. 37 (2004) 725 
31. J. Ghasemi, A. Niazi, S. Ghobadi, J. Chin. Chem. Soc. 52 (2005) 1049 
32. A. Niazi, A. Soufi, M. Mobarakabad, Anal. Lett. 39 (2006) 2359 
33. A. A. Syed, A. Syeda, H. R. K. Mahesh, Farmaco 60 (2005) 47 



 MULTIVARIATE CALIBRATION METHODS IN DRUG ANALYSIS 247 

34. M. A. Karimi, M. Mazloum Ardakani, R. Behjatmanesh Ardakani, O. Moradlou, F. 
Banifatemeh, J. Chin. Chem. Soc. 54 (2007) 15 

35. D. M. Haaland, E. V. Thomas, Anal. Chem. 60 (1988) 1193 
36. M. R. Majidi, K. Asadpour–Zeynali, J. Chin. Chem. Soc. 52 (2005) 21 
37. British Pharmacopoeia, H. M. Stationary Office, London, 1993. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


