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Abstract

Three simple, rapid and accurate methods are described for the simultaneous determination of chlorpheniramine
maleate and phenylephrine hydrochloride in two component mixtures. The first method comprised of measurement
of difference absorptivities derivatized in first order of a nasal drops in 0.1 N NaOH relative to that of an equimolar
solution in methanol at wavelengths of 271.6 and 250.2 nm, respectively. The second method, zero-crossing derivative
spectrophotometry, is based on recording the first derivative curves and determining each component using the
zero-crossing technique. Using first derivative spectrophotometry, the amplitudes in the first derivative spectra at
246.5 and 238.6 nm were selected to simultaneously determine chlorpheniramine maleate and phenylephrine
hydrochloride in the mixture. The presence of identical zero-crossing points for pure drugs and nasal drop solutions
established the non-interference of the excipients in the absorption at these wavelengths. Absorbance ratio method
was also developed for a comparison method. The proposed procedures were successfully applied to the determina-
tion of chlorpheniramine maleate and phenylephrine hydrochloride in nasal drops, with a high percentage of recovery,
good accuracy and precision. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Chlorpheniramine maleate, is an alkylamine
derivative with the actions and uses of the antihis-
tamines [1]. It is one of the most potent antihis-
tamines and causes a moderate degree of sedation.
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It is used alone or with phenylephrine hydrochlo-
ride and guaiphenesin for the symptomatic treat-
ment of coughs due to acute or chronic bronchitis
and bronchial allergic conditions.

Some procedures have been described for the
assay of either chlorpheniramine maleate or
phenylephrine hydrochloride in pharmaceutical
preparations, such as spectrophotometry [2–12]
and HPLC [13–26]. The chlorpheniramine
maleate–phenylephrine hydrochloride mixture is
not yet official in any pharmacopoeia. To my
knowledge, no analytical methods could be traced
for the analysis of chlorpheniramine maleate–
phenylephrine hydrochloride combination in
pharmaceutical dosage form. Therefore a simple,
rapid and reliable method for simultaneous assay
of both drugs in mixture seemed to be necessary.

The aim of this work was to investigate the
utility of differential-derivative spectrophotome-
try, derivative spectrophotometry and absorbance
ratio method in the assay of chlorpheniramine
maleate and phenylephrine hydrochloride in com-
bination in pharmaceutical preparations without
the necessity of sample pre-treatment. Derivative
spectrophotometry [27] is a useful means of re-
solving two overlapping spectra and eliminating
matrix interferences in the assay of two-compo-
nent mixtures using the zero-crossing technique.
Difference spectrophotometry has proved to be a
powerful technique for determination of drugs
[28–30] as well as detection and determination of
decomposition products [31]. The derivative-dif-
ference spectrophotometry will offer further ad-
vantages in cancelling heavy spectral interferences
to drug analysis [32,33] when the irrelevant ab-
sorption is pH and solvent dependent. The meth-
ods had sufficient accuracy and precision and
permitted a simple and time-saving assay of chlor-
pheniramine maleate and phenylephrine hydro-
chloride in mixtures.

2. Materials and methods

2.1. Apparatus

A Shimadzu 1601 double beam UV-Vis spec-
trophotometer, in 1 cm quartz cells with a fixed

slit width (2 nm) connected to an IBM-PC com-
puter loaded with Shimadzu UVPC Software
equipped with a Lexmark printer was used for all
the absorbance measurements and treatment of
data.

2.2. Chemicals

Chlorpheniramine maleate and phenylephrine
hydrochloride were kindly donated by the phar-
maceutical industry and used without further
purification. All solvents and reagents were of
analytical reagent grade (Merck Chem. Ind.).

2.3. Pharmaceutical preparation

A commercial pharmaceutical preparation (Ri-
NOSiL® nasal drop AKDENiZ Pharm Ind.-
Turkey, batch no: ER 34) was assayed. Its
declared content was as follows: phenylephrine
hydrochloride (50.0 mg), chlorpheniramine
maleate (80.0) mg per 5 ml drop.

2.4. Calibration graphs

Standard solutions of chlorpheniramine
maleate and phenylephrine hydrochloride were
prepared by weighing accurately 80.0 mg chlor-
pheniramine maleate and 50.0 mg phenylephrine
hydrochloride and dissolving in 250 ml methanol.
Appropriate volume aliquots of the stock solution
were transferred to 25 ml calibrated flasks. Accu-
rate volumes were transferred into two sets of 25
ml calibrated flasks. One set was diluted to vol-
ume with 0.1 N NaOH and the other set was
diluted to volume with methanol. The first series
contained a constant concentration of chlorpheni-
ramine maleate (25.0 mg ml−1) and a varying
concentration of phenylephrine hydrochloride
(4.0–20.0 mg ml−1). The second contained a con-
stant concentration of phenylephrine hydrochlo-
ride (8.0 mg ml−1) and a varying concentration of
chlorpheniramine maleate (10.0–25.0 mg ml−1).

2.5. Sample preparation

A 5 ml drop (from RiNOSiL® nasal drop), was
taken and dissolved in methanol in 100 ml cali-
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brated flasks. The solution was diluted 1:50 with
0.1 N NaOH and methanol, separately.

2.6. Spectrophotometric measurements

2.6.1. Differential-deri6ati6e spectrophotometry
The difference spectra between the methanolic

solution and equimolar 0.1 N NaOH solution of
pure drugs and sample were recorded from 240.0
to 330.0 nm by placing the methanolic solution in
the reference compartment and the 0.1 N NaOH
solution in the sample compartment. A first
derivative spectrum of each of the differential
curves was subsequently recorded.

2.6.2. First deri6ati6e spectrophotometry
The first derivative spectra of the drug solutions

in the 0.1 N NaOH were recorded against 0.1 N
NaOH as a blank. The absolute values (peak to
zeroline) for D1 were measured at the selected
wavelengths.

2.6.3. Absorbance ratio method
Such a method of analysis is based on the linear

relationship between the absorbance ratio value of
a binary mixture and the relative concentration of
such a mixture.The quantification analysis of
chlorpheniramine maleate and phenylephrine hy-

drochloride in binary mixture are performed by
using following equations:

C1= (Q1−b1/a1)(Aiso/aiso)×103,

C2= (Q2−b2/a2)(Aiso/aiso)×103

where Q1=A1/Aiso for chlorpheniramine maleate,
Q2=A2/Aiso for phenylephrine hydrochloride, C1

and C2=concentrations of the chlorpheniramine
maleate and phenylephrine hydrochloride, respec-
tively, Aiso=absorbance at isoabsorptive point
(liso=275.8 nm), aiso=absorptivity at isoabsorp-
tive point=Aiso/C1+C2, a1=slope of regression
equation (Q1 vs C1/C1+C2), a2=slope of regres-
sion equation (Q2 vs C2/C1 +C2), b1,2= intercept
values of these regression equations, A1 and A2

denotes the absorbances of the mixture solution
measured at l1 and l2 (260.8 and 294.1 nm).

3. Results and discussion

3.1. Differential-deri6ati6e spectrophotometry

The difference absorption spectra of chlor-
pheniramine maleate and phenylephrine hydro-
chloride is shown in Fig. 1. Fig. 2 shows that the
first derivative difference spectrum. The first

Fig. 1. Differential spectra of (a) 25.0 mg ml−1 chlorpheniramine maleate; (b) 8.0 mg ml−1 phenylephrine hydrochloride in methanol
versus 0.1 N NaOH.



N. Erk / J. Pharm. Biomed. Anal. 23 (2000) 1023–10311026

Fig. 2. Differential-derivative spectra of (a) 25.0 mg ml−1 chlorpheniramine maleate; (b) 8.0 mg ml−1 phenylephrine hydrochloride
in methanol versus 0.1 N NaOH.

derivative differential spectra of both drugs of-
fered an advantage for their simultaneous deter-
mination by having zero-crossing points (Fig. 2).
In particular absorbance at 271.6 nm for chlor-
pheniramine maleate and at 250.2 nm for
phenylephrine hydrochloride were considered as
the optimum working wavelengths for their deter-
mination. The differential-derivative spectra
showed the best linear response to analyte concen-
trations used at these wavelengths. Under the
experimental conditions described, standard cali-
bration curves for chlorpheniramine maleate and
phenylephrine hydrochloride were constructed by
plotting absorbance versus concentration, respec-
tively. Conformity with Beer’s law was evident in
the concentration range from 10.0 to 25.0 mg
ml−1 of chlorpheniramine maleate and from 4.0
to 20.0 mg ml−1 of phenylephrine hydrochloride
(Table 1).

The regression curve was calculated by the
least-squares method. The correlation coefficients
were 0.9983 for phenylephrine hydrochloride and
0.9990 for chlorpheniramine maleate, indicating
good linearity. Five replicate determinations at
different concentration levels were carried out to
test the precision of the methods. The relative
standard deviations were found to be less than
1.23%, indicating reasonable repeatability of the
selected method.

3.2. First deri6ati6e spectrophotometry

Fig. 3 shows the absorption (zero-order) spec-
tra of chlorpheniramine maleate and
phenylephrine hydrochloride. The large overlap of
the spectral bands of the drugs at 230.0–330.0 nm
prevents the formation from the total zero-order
spectrum of any spectral future that could be used
for analytical purposes. The first derivative spec-
tra allowed the simultaneous determination of
chlorpheniramine maleate and phenylephrine hy-
drochloride. Fig. 4 shows the first derivative spec-
tra of chlorpheniramine maleate and
phenylephrine hydrochloride. The D1 spectrum of
of chlorpheniramine maleate shows a well-defined
minimum at 246.5 nm while phenylephrine hydro-
chloride has a zero D1 value at the same
wavelength.

Phenylephrine hydrochloride has a maximum
D1 value at 238.6 nm at which chlorpheniramine
maleate exhibits no contribution. Therefore, at
these selected wavelenghts the two drugs can be
quantified in the presence of each other without
interference. For quantitative analysis, the analyt-
ical data for the calibration graphs are listed in
Table 1. The correlation coefficients were 0.9997
and 0.9984 indicating good linearity. Five repli-
cate determinations at different concentration lev-
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els were carried out to test the precision of the
methods. The relative standard deviations were
found to be less than 0.87%, indicating reasonable
repeatability of the proposed method.

3.3. Absorbance ratio method

Derivative spectrophotometry, differential-
derivative spectrophotometry tested absorbance
ratio method for resolving the binary mixtures.
The zero-order (original) spectra of chlorpheni-
ramine maleate and phenylephrine hydrochloride

are illustrated in Fig. 3. These spectra indicated
that binary mixtures containing chlorpheniramine
maleate and phenylephrine hydrochloride could
be analyzed by applying the principle absorbance
ratio method. By measuring absorbance values at
260.8 nm (lmax for chlorpheniramine maleate),
294.1 nm (lmax for phenylephrine hydrochloride)
and 275.8 nm (isosbestic point) in the original
spectra of the binary mixture in methanol, the
analysis of the binary mixture containing chlor-
pheniramine maleate and phenylephrine hydro-
chloride was made by using the formulas

Fig. 3. Zero-order spectra of (a) 25.0 mg ml−1 chlorpheniramine maleate; (b) 8.0 mg ml−1 phenylephrine hydrochloride in methanol,
and (c) 25.0 mg ml−1 chlorpheniramine maleate; (d) 8.0 mg ml−1 phenylephrine hydrochloride in 0.1 N NaOH.

Fig. 4. First derivative spectra of (a) 25.0 mg ml−1 chlorpheniramine maleate; (b) 8.0 mg ml−1 phenylephrine hydrochloride in
0.1 N NaOH.
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explained in Section 2.6. A critical evaluation of
the proposed method was performed by the statis-
tical analysis of the experimental data. The ob-
tained slopes, intercepts and correlation
coefficients obtained are summarized in Table 1.
In order to demonstrate the validity and appli-
cability of the proposed methods, recovery studies
were performed by analyzing synthetic mixtures
of chlorpheniramine maleate and phenylephrine
hydrochloride which reproduced different compo-
sition ratios. The percentage recoveries of chlor-
pheniramine maleate and phenylephrine
hydrochloride from spiked excipient are summa-
rized in Table 2.

The absorbance ratio method was chosen as the
analytical reference method. Differential-deriva-
tive spectrophotometry and first derivative spec-
trophotometry were compared with the
absorbance ratio method. The intercept values for
differential-derivative spectrophotometry, first
derivative spectrophotometry and absorbance ra-
tio method were not statistically (PB0.05) differ-
ent from zero. The order linearity for the
calibration graphs in the ranges stated in Table 1
for the different analytical method was ab-
sorbance ratio method\first derivative spec-
trophotometry=differential-derivative
spectrophotometry. The lowest detection limit cal-
culated was obtained for differential-derivative
spectrophotometry (0.010–0.023 mg ml−1) indi-
cating the highest sensitivity. The absorbance ra-
tio method was the least sensitivite (0.078–0.89 mg
ml−1). Commercially available nasal drops were
analyzed using differential-derivative, first deriva-
tive spectrophotophotometric and absorbance ra-
tio method. The results obtained are summarized
in Table 2. No significant differences were found
between the results obtained by the absorbances
ratio method and the differential-derivative and
first derivative spectrophotometry, for same batch
at the 95% confidence level (student’s t-test and
F-variance ratio test).

4. Conclusions

The proposed methods are simple (as there is
no need for solvent extraction), rapid (as it re-

quires measurements of DD1, D1 and A values at
a single wavelength and direct (as it estimates
each drug independently of the other). This paper
demonstrates the potential of derivative-differen-
tial spectroscopy, first derivative spectrophotome-
try and absorbance ratio method as an analytical
technique and its usefulness to accurately, rapidly,
simply and simultaneously quantitate active ingre-
dients in multicomponent pharmaceuticals.
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