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Abstract

In this study, fourth derivative spectrophotometry and high performance liquid chromatography (HPLC) have been
used and described for the quantitative determination of acrivastine (I) and pseudoephedrine hydrochloride (II) in
their pharmaceutical capsules form (Duact®). In the former method, d4A/dl4 values were measured in methanol at
315 and 269 nm for (I) and (II) respectively. The relative standard deviations (RSD) for the method were found to
be 1.16% for (I) and 0.94% for (II). The latter method based on reversed phase HPLC system using LiChrosorb C18
analytical column. The mobile phase used for separation of (I), (II) and internal standard (p-hydroxymethylbenzoate)
were the water/ acetonitrile/methanol/perchloric acid/n-octylamine (500:130:25:13:0.3 v/v) and the detection of the
compounds in the capsules were at 260 nm using UV detector. The RSD for the HPLC method were determined to
be 0.79 and 0.88% for (I) and (II) respectively. The proposed methods, which give thoroughly comparable data, are
simple, rapid, and allow precise and accurate results and could be used for commercial formulations containing
acrivastine and pseudoephedrine hydrochloride in combination. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Spectrophotometry is a common technique in
the field of pharmaceutical and biomedical analy-
sis. Direct UV-absorbance measurement is subject
to interference from co-formulated drugs, excipi-
ents and/or degradation products. Derivative

spectrophotometry [1–6] is an analytical tech-
nique of great utility for extracting both qualita-
tive and quantitative information from spectra
composed or unresolved bands. It tends to em-
phasize subtle spectral features by representing
them in a new and visually more accessible way,
allowing the resolution of multi-component ele-
ments and reducing the effect of spectral back-
ground interferences. In pharmaceutical* Corresponding author.
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application, derivative spectrophotometry has led
to significant developments in the analysis of
drugs in the presence of their degradation prod-
ucts or in multicomponent mixtures [7–9].

High performance liquid chromatography
(HPLC) has also application in pharmaceutical
analysis [10–13].

Acrivastine (I) and pseudoephedrine hydrochlo-
ride (II) (Fig. 1) are used in capsules form (Du-
act®) as antihistaminic-decongestant in Turkey.

Various methods including titrimetry [14,15],
spectrophotometry [16–20], derivative spec-
trophotometry [21–23], colorimetry [24,25],
HPLC [26–30], gas chromatography-mass spec-
trometry (GC-MS) [31–33] and capillary elec-
trophoresis [34,35] have been used for the
determination of acrivastine, pseudoephedrine hy-
drochloride and ephedrine in pharmaceutical
preparations, biological fluids and plants either
separately or in combination with other drugs.
However, no methods have been reported for
their simultaneous quantification in two compo-
nent (I and II) mixtures.

This paper describes a procedure for the quanti-
tation of acrivastine and pseudoephedrine hy-
drochloride in pharmaceutical capsule form by
derivative UV-spectrophotometry and reversed
phase high performance liquid chromatography
(RP-HPLC) providing accurate and precise
results.

2. Experimental

2.1. Material and reagents

Acrivastine, pseudoephedrine hydochloride and
a commercial preparation (Duact® capsule) were
gifts from GlaxoWellcome Co. (Istanbul, Turkey).
The labelled content in one capsule was as fol-
lows: acrivastine (8.0 mg) and pseudoephedrine
hydrochloride (60.0 mg).

HPLC grade acetonitrile, methanol, perchloric
acid and n-octylamine were purchased from J.T.
Baker Inc. (Phillipsburg, NJ, USA). All other
solvents and chemicals (analytical grade) were
obtained from Merck Co. (Darmstadt, Germany).

2.2. Spectrometric equipment and conditions

A Shimadzu UV-160 double beam spectropho-
tometer with a fixed slit with 2 nm was used. The
derivative UV spectra of standard and test solu-
tions were recorded in 1 cm quartz cells over the
range 240–380 nm (Dl=12.6 nm). The scan
speed was 20 nm min−1.

2.3. Chromatographic system and conditions

The HPLC (Jasco International Co. Ltd.,
Tokyo, Japan) consisted of a model PU-980 sol-
vent delivery system, and a model 970/975 UV-
VIS detector connected to a Panasonic model
KX-P1150 multimode integrator (Matsushita
Electric Industrial Co. Ltd., Japan). A model 7125
sample injector (Rheodyne, Cotati, CA, USA)
equipped with a 20 ml loop was used.

The separation was performed on a reversed
phase LiChrosorb RP-C18 analytical column
(200×4.6 mm i.d., 5 mm particle size) (Hichrome
Ltd., Berkshire, UK). The mobile phase consisted
of a mixture of water/acetonitrile/methanol/
perchloric acid/n-octylamine (500:130:25:13:0.3 v/
v). The mobile phase was prepared daily, filtered,
sonicated before use, and delivered at a flow rate
of 3 ml min−1. The detector wavelength was set
at 260 nm.

2.4. Preparation of calibration cur6es

2.4.1. Deri6ati6e spectrophotometric method

2.4.1.1. Acri6astine. A stock solution of
acrivastine was prepared by dissolving approxi-
mately 100 mg, accurately weighed, in 100 ml of

Fig. 1. Chemical structures of compounds.
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methanol (solution I). A 25 ml aliquot of solution
I was transferred into a 100 ml calibrated flask
and diluted to volume with methanol (solution
II). Standard solutions were prepared from solu-
tion II in methanol with concentrations of
acrivastine in the range 10–20 mg ml−1. The
calibration curve for fourth derivative spectropho-
tometry was constructed by plotting the drug
concentration versus the absorption of d4A/dl4 at
315 nm.

2.4.1.2. Pseudoephedrine hydrochloride. A stock
solution of pseudoephedrine hydrochloride was
prepared by dissolving approximately 150 mg in
100 ml of methanol. Dilutions from the stock
solution were prepared in methanol in the range
75–150 mg ml−1. The calibration curve for fourth
derivative spectrophotometry was costructed by
plotting the drug concentration versus the absorp-
tion of d4A/dl4 at 269 nm.

To study the accuracy and pecision of the pro-
posed methods, recovery experiments were carried
out by standard addition technique. Working
standard solutions of acrivastine-pseudoephedrine
hydrochloride mixtures in methanol (containing
100 mg ml−1 of pseudoephedrine hydrochloride
and increasing concentrations of acrivastine rang-
ing from 12 to 20 mg ml−1; and containing 10 mg
ml−1 of acrivastine and increasing concentrations
of pseudoephedrine hydrochloride ranging from
80 to 160 mg ml−1) were prepared. The fourth
derivative spectra of these solutions were recorded
at 269 and 315 nm for pseudoephedrine hy-
drochloride and acrivastine respectively. Above
solutions were also used for HPLC analysis.

2.5. HPLC method

Stock solutions of acrivastine (I) (150 mg ml−1)
in methanol, and pseudoephedrine hydrochloride
(II) (350 mg ml−1) in water were prepared. Mix-
tures containing I and II were prepared by dilu-
tion with mobile phase. The concentrations of I
and II were in the range 5–45 and 50–150 mg
ml−1, respectively. A constant concentration of
the internal standard (p-hydroxymethylbenzoate)
(2 mg ml−1 in methanol) was added into the
mixture of I and II. The mixtures (20 ml) were

then chromatographed on the C18 column. The
calibration curve was obtained by plotting the
peak area ratio of the drug to the internal stan-
dard against the drug concentration.

2.6. Procedure for pharmaceutical capsule form

Five capsules were emptied and the contents
were transferred into a 100 ml volumetric flask,
then 50 ml of methanol was added. After sonicat-
ing for 30 min in the ultrasonic bath, the volume
made up to 100 ml with water. The contents of
the flask were filtered using Whatman No. 1 filter
paper. Then, 20 ml of filtrate was trasferred to a
100 ml of volumetric flask (solution T) and 2 mg
ml−1 of internal standard (p-hydroxymethylben-
zoate) were added. The contents were diluted to
volume with water. The solution (20 ml) was chro-
matographed by HPLC. The amounts of
acrivastine and pseudoephedrine hydrochloride
were calculated from the linear regression equa-
tions of the calibration curves or using reference
standard solution injected under the same
conditions.

For the fourth derivative spectrophotometric
method, the solution T was diluted to 1:5 with
methanol. The contents of acrivastine and pseu-
doephedrine hydrochloride were calculated using
the corresponding calibration curves.

3. Results and discussion

The purpose of this study was to determine a
mixture of acrivastine and pseudoephedrine hy-
drochloride in pharmaceutical capsule form in a
reasonable time and to quantitate the analysis
with a suitable level of precision by derivative
spectrophotometry and HPLC.

Fig. 2 shows the zero-order UV spectra of
acrivastine (I), pseudoephedrine hydrochloride
(II) and mixture of (I) and (II). Due to the
extensive overlap of the spectral bands of two
drugs, conventional UV spectrophotometry can-
not be used for their individual determination in a
binary mixture. Derivative spectra of different
orders were obtained using smoothed spectra with
acrivastine, pseudoephedrine hydrochloride and
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Fig. 2. Zero-order UV spectra of 16 mg ml−1 acrivastine (�),
120 mg ml−1 pseudoephedrine hydrochloride ($), and its bi-
nary mixture (—) in methanol.

doephedrine hydrochloride using proposed fourth
derivative spectrophotometric method. The rela-
tive standard deviation (RSD) for acrivastine and
pseudoephedrine hydrochloride is 1.16 and 0.94%
respectively. The results are reproducible and pre-
cise as the RSD values are very low. This method
has been successfully applied to a commercial
pharmaceutical capsule form and the results ob-
tained from commercial capsule form were shown

Fig. 3. First-order (A), second-order (B), third-order (C) and
fourth-order (D) derivative spectra of 16 mg ml−1 acrivastine
(�), 120 mg ml−1 pseudoephedrine hydrochloride ($), and its
binary mixture (—), in methanol (Dl=12.6 nm).

their binary solutions (Fig. 3). First, second and
third derivative spectra were not found to be
resolved as can be seen in Fig. 3. However, zero-
crossing fourth derivative spectrophotometry per-
mits a more selective identification and
determination of the two drugs in a mixture com-
paring first, second and third derivative spec-
trophotometry (Fig. 3). The zero-crossing method
involves measurement of the absolute value of the
total derivative spectrum at an abscissa value
corresponding to the zero-crossing wavelengths of
the derivative spectra of the individual compo-
nent. The fourth derivative spectrum of
acrivastine exhibits a maximum at 315 nm, while
pseudoephedrine hydrochloride reads zero and
pseudoephedrine hydrochloride exhibits an ab-
sorption at 269 nm while acrivastine reads zero
(Fig. 3D).

Quantitative investigations using regression
analysis have established that the concentration of
acrivastine and pseudoephedrine hydrochloride
correlates very well with the measured fourth
derivative peaks. The regression equations were
y=0.0004+0.079x (r2=0.9997) for acrivastine
at 315 nm and y=0.0013−1.116x (r2=0.9982)
for pseudoephedrine hydrochloride at 269 nm
(where y is the d4A/dl4 value, x is the concentra-
tion of drug in mg ml−1).

The recovery test was performed from synthetic
mixtures containing various amount of acrivastine
and pseudoephedrine hydrochloride (Table 1).
The results show that the mean recovery is
100.54% for acrivastine and 100.28% for pseu-
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Table 1
Recovery of acrivastine and pseudoephedrine hydrochloride in synthetic mixtures by proposed fourth derivative spectrophotometric
and HPLC methods

Recovery (%)Amount added Found (mg ml−1)
(mg ml−1)

III II I

BAAI II BA B A B

99.00 99.9010 80 9.87 9.90 79.92 79.60 99.5098.70
99.20 99.1010 100 10.15 9.92 99.10 99.60 101.50 99.60

100.7599.7516a 98.94120a 99.3115.89 15.96 120.90 118.73
99.80 99.30 101.2010 99.20140 9.98 9.93 141.68 138.88

100.50 101.5010 160 9.99 10.05 162.40 158.40 99.90 99.00
99.00101.0012 100.50100 100.0812.01 12.12 99.00 100.50
99.43 100.7114 100 14.11 14.16 99.43 100.71 100.79 101.14

101.00 100.1216 100 16.26 16.16 100.12 101.06 101.62 101.06
101.50100.2218 101.39100 102.4418.44 18.04 101.50 101.39

101.25 100.15 100.3520 100 100.2520.25 20.03 100.35 100.25

x̄ =100.01x̄x̄ x̄ =100.13

=100.28=100.54
RSD=1.16 RSD=0.79 RSD=0.94 RSD=0.88

I, acrivastine; II, pseudoephedrine hydrochloride; A, fourth derivative spectrophotometric method; B, HPLC method.
a The amount of drug (at appropriate dilution) in the commercial pharmaceutical capsule form.

in Table 2. There was no interference observed
with the excipients in the capsule.

For HPLC analysis, initially various mobile
phase compositions were tried in attempts to sep-
arate drugs and internal standard. RP-HPLC sys-
tem using C18 analytical column and
water/acetonitrile/methanol/perchloric acid/n-
octylamine (500:130:25:13:0.3 v/v) gave good sep-
aration of drugs and internal standard
(p-hydroxymethylbenzoate). Small increase in the
water content of the eluent can increase the reten-
tion time of acrivastine, but not significantly af-
fect pseudoephedrine hydrochloride. A small
increase in the acid concentration of the eluent
can decrease the retention time of acrivastine. It
has no affect on pseudoephedrine hydrochloride.
Small variations in the n-octylamine content of
the mobile phase have little or no affect on the
separation. Omission of n-octylamine however,
could lead to poor column performance. Small
variations in the methanol/acetonitrile ratio of the
eluent cause selectivity changes and peaks can
co-elute.

Fig. 4A and 4B shows a typical HPLC chro-
matogram of standard compounds and extracts
from pharmaceutical capsule form respectively.
Chromatographic investigations revealed that a
mixture of acrivastine and pseudoephedrine hy-
drochloride could be resolved from the co-formu-
lated excipients using C18 stationary phase and a
mixture of water/acetonitrile/methanol/perchloric
acid/n-octylamine (500:130:25:13:0.3 v/v). The
separations could be obtained in less than 7 min.
The retention times for pseudoephedrine hy-
drochloride, internal standard, and acrivastine
were found to be 1.4, 3.2 and 6.6 min, respectively
(Fig. 4A and 4B).

The peak area ratios of acrivastine and pseu-
doephedrine hydrochloride to internal standard
exhibit linear relationship with their concentra-
tions. The regression equations for acrivastine and
pseudoephedrine hydrochloride were y=0.196+
0.104x and y=0.014+0.55x, respectively (where
y is peak area ratio and x is the concentration of
drug in mg ml−1). The correlation coefficient of
the calibration curves were found to be 0.9999 for
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Table 2
Results of the simultaneous determination of acrivastine and pseudoephedrine hydrochloride in pharmaceutical capsule form

RSD (%)Drug Recovery (%)Labelled (mg capsule−1) n Found (x̄) (mg capsule−1)

B AA B A B

99.62 0.721.32I 99.628 10 7.97 7.97
1.59 0.61II 60 10 60.56 60.78 100.93 101.30

I, acrivastine; II, pseudoephedrine hydrochloride; A, fourth derivative spectrophotometric method; B, HPLC method.

acrivastine and 0.9998 for pseudoephedrine
hydrochloride.

In the HPLC method, the RSD was found as
0.79% for acrivastine and 0.88% for pseu-
doephedrine hydrochloride (Table 1). Commer-

cially available capsules were analysed by the
HPLC method (Table 2). No significant differ-
ences were found between the results obtained by
the HPLC from synthetic mixtures and the com-
mercial capsule form for the RSD of the method.

It can be concluded that the reported methods
for the determination of acrivastine and pseu-
doephedrine hydrochloride together in pharma-
ceutical capsule form (Duact®) are simple and
rapid. Although there was no significant differ-
ences between the methods applied, the results
indicate that the HPLC method could be consid-
ered for the routine analysis of commercial for-
mulations containing these active ingredients. The
method is accurate, precise, stability indicating
and reproducible. Additionally, the sensitivity and
reliability of the HPLC method over a wide range
of the concentrations will extend the use of this
method.
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