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Abstract

An easy, rapid and simple nonaqueous capillary electrophoresis (NACE) method was developed for the identification and determination of
four basic nitrogenous compounds, i.e. pseudoephedrine (PE), dextromethorphan (DXM), diphenhydramine (DHM) and chlorpheniramine
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CLP). The most suitable running buffer was composed of 40 mM ammonium acetate, 10% acetonitrile (ACN) in methanol with
ilica capillary column (47 cm× 75�m i.d.), 25 kV applied voltage and 25◦C capillary temperature. The calibration curves revealed l
elationships between the peak area for each analyte and its concentration (correlation coefficients: 0.9993 for PE, 0.9971 for DX
or DHM, and 0.9995 for CLP, respectively). The relative standard deviations of the migration time and peak area of the four co
ere 0.37, 3.90, 0.73 and 0.68, and 2.80, 3.50, 1.60 and 3.70%, respectively. The method was successfully applied to determ
ompounds in five cold medicines, the recoveries of the four constituents ranging between 91 and 109%.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Pseudoephedrine (PE) is one of the major bioactive com-
onents in the Ephedra herb that is a commonly used Chinese

raditional medicine intended for diaphoretic purposes[1]. It
s an adrenergic agent with the chemical name [S-(R* , R* )]-
-[1-(methylamino)ethyl]-benzenmethanol. Dextromethor-
han (DXM) ((+)-3-methoxy-17-methyl-(9�,13�,14�)-
orphinan) is an antitussive drug. Diphenhydramine

DHM) (2-(diphenylmethoxy)-N,N-dimethylethylamine)
s a sedating antihistamine. Chlorpheniramine (CLP)

Abbreviations:NACE, nonaqueous capillary electrophoresis; PE, pseu-
oephedrine; DXM, dextromethorphan; DHM, diphenhydramine; CLP,
hlorpheniramine
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(2-pyridinepropanamine,�-(4-chlorophenyl)-N,N-dimethyl,
(Z)-2-butenedioate) is an antihistamine and is widely u
as an ingredient in antitussive preparations[2]. These fou
compounds are the pharmacologically active constitu
found in most cold medicines.

All of the analytes are basic nitrogenous compounds
the separation and determination of these compoun
dosage forms is complicated due to their similarities in s
physical and chemical properties[3]. High performance liq
uid chromatography (HPLC) is the most used techniqu
the quantification of the four compounds in preparations
plasma[4–12], but owing to the basic properties of these c
pounds they strongly interact with the stationary phase o
HPLC column. Thus the use of HPLC is restricted by l
analysis times, peak asymmetry and poor efficiency[13,14].
Difference spectrophotometric methods[15,16], proton nu
clear magnetic resonance (NMR)[17] and gas–liquid chro
matography[18] have also been reported for the deter
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nation of these analytes. These methods usually require ex-
traction and complicated pretreatment procedures prior to
analysis.

PE has been separated by capillary zone electrophoresis
(CZE) and detected with laser-induced fluorescence[14].
This method was very sensitive, but the sample needed to
be derivatised. Though CLP and DXM have been separated
by micellar electrokinetic chromatography (MEKC)[19] and
CZE[3], their quantification was not investigated. DHM has
also been separated and determined by MEKC and CZE[20].
These methods used aqueous background buffers but the
peaks were not very symmetrical and the separation times
were long. However, there is no report on a nonaqueous cap-
illary electrophoresis (NACE) separation and determination
of this combination.

Here a NACE method was developed for the identi-
fication and determination of pseudoephedrine (PE), dex-
tromethorphan (DXM), diphenhydramine (DHM) and chlor-
pheniramine (CLP) in cold medicines.

2. Materials and methods

2.1. Instruments

The nonaqueous capillary electrophoresis experiments
w oul-
t CE
d ACE
s 7 cm
( y
( ina)
h -
d re of
0 M
N by
t ach
r is-
t in.
T good
r
a mple
r

2

thor-
p and
c ional
I ucts
o etic
a ory.
A em-
i enx-
i ased
f . All

reagents were of analytical grade, unless otherwise specified.
Stock solutions of PE (520 mg/L), DXM (160 mg/L), DHM
(420 mg/L) and CLP (300 mg/L) were prepared in methanol.
Analytical solutions were prepared from them by appropriate
dilution with the run buffer. The run buffer was prepared from
5 mL of 0.2 mol/L ammonium acetate (methanol medium)
and 2.5 mL of acetonitrile in a 25 mL flask and diluted to
25 mL with methanol. Prior to use, all solutions and run
buffers were degassed by ultrasound for 10 min and filtered
through a 0.45�m membrane filter.

2.3. Sample preparation

Ten tablets of Fufang Ganmaoling tablets, black tablets
(Hei Pian) and white tablets (Bai Pian) of compound pseu-
doephedrine HCl tablets (Bai Jia Hei), compound paraceta-
mol and amantadine HCl tablets (Gankang) were weighed
exactly and the average weights of tablets were calculated,
then, powdered respectively, and 0.8000, 0.5000, 0.5000 and
1.000 g powders were weighed exactly and extracted with
10 mL methanol in an ultrasonic bath for 1 h, respectively. Ten
capsules of compound pseudoephedrine HCl sustained cap-
sules (Xin Kangtaike) were weighed exactly and the average
weight of capsules was calculated, then, opened and 0.2000 g
powder was weighed and extracted with 10 mL methanol in
an ultrasonic bath for 1 h. Prior to analysis, all of the ex-
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ere performed on a P/ACE5510 system (Beckman C
er Instrument, Fullerton, CA, USA) equipped with a P/A
iode-array detector. The system was controlled by a P/
tation software. The separation was carried out on a 4
40 cm to the detector)× 75�m i.d. fused-silica capillar
Yongnian Photoconductive Fiber Factory, Hebei, Ch
ouse in a cartridge with a 800�m× 200�m detector win
ow. Samples were introduced by applying a pressu
.5 psi for 2 s. The capillary was conditioned with 0.1
aOH for 10 min and distilled water for 5 min, followed

he electrophoresis buffer for 5 min, prior to use. After e
un the capillary was rinsed with 0.1 M NaOH for 2 min, d
illed water for 2 min and then the running buffer for 2 m
he buffer was renewed after every two runs to ensure
eproducibility. The capillary was maintained at 25◦C. To
void buffer and sample evaporation, the buffer and sa
eservoir must have lids.

.2. Reagents

Standard pseudoephedrine hydrochloride, dextrome
han hydrobromide, diphenhydramine hydrochloride
hlorpheniramine maleate were obtained from the Nat
nstitute for the Control of Pharmaceutical and Bio-prod
f China (Beijing, China). Ammonium acetate and ac
cid were purchased from Tianjin First Chemical Fact
cetonitrile was purchased from Tianjing Secondary Ch

cal Factory. Methanol was purchased from Shanghai Zh
ng First Chemical Factory. Cold medicines were purch
rom Zhongyou Pharmaceutical Store, Lanzhou, China
racts were filtered through a 0.45�m membrane filter, 2.
old diluted with run buffer and the resulting solutions w
repared for analysis.

. Results and discussion

To achieve good sensitivity and satisfactory separa
he optimization of separation conditions was of prim
mportance. The first investigations were carried out u
0 mM ammonium acetate and 10% (v/v) ACN buffer w
ethanol as solvents.

.1. Effect of concentration of ammonium acetate

Buffer concentration markedly affects the separation
ause it can influence the EOF and the viscosity of electro
n order to obtain the best resolution of the four analytes
ffect of the concentration of ammonium acetate was in

igated in the range from 20 to 100 mM with 10% (v/v) AC
nd 25 kV applied voltage. The migration time of the f
nalytes increased with the ammonium acetate concent

ncreasing. This phenomenon may be attributed to the h
oule heating caused by conductivity of the buffer incr
ng and the EOF decreases with increasing ion strength
rease of zeta-potential). Increases in migration times as
s current were observed when the concentration of buff
reased. Resolution also increased for higher concentr
hen the ammonium acetate concentration was 40 mM,

etection sensitivity and resolution were optimum.
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Fig. 1. Electropherograms of the standard mixture solution and the real samples: (a) standard mixture; (b) Fufang Ganmaoling tablets; (c) black tablets (Hei
Pian) and (d) white tablets (Bai Pian) of compound pseudoephedrine HCl tablets (Bai Jia Hei); (e) compound paracetamol and amantadine HCl tablets
(Gankang); (f) capsules of compound pseudoephedrine HCl sustained capsules (Xin Kangtaike). Buffer, 40 mM ammonium acetate, 10% ACN; capillary, 47 cm
(40 cm to the detector)× 75�m ID; applied voltage, 25 kV; cartridge temperature, 25◦C; detection, 214 nm.

3.2. Effect of ACN concentration

The migration times of the four analytes considerably de-
creased when the ACN percentage in buffer was increased.
This behavior is mainly due to the modification of the di-

electric constant-to-viscosity ratio. When the concentration
of ACN was 10% (v/v), the detection sensitivity of the
four compounds was highest. Considering the total analy-
sis time and peak area, 10% (v/v) ACN was chosen as the
optimum.
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Table 1
Results of regression analysis on calibration curves and detection limits

Analyte Regression equationY=a+bca Correlation coefficient Linear range (mg/L) Detection limit (mg/L)b

PE Y= 30360.21 + 888.65c 0.9993 8.0–520 1.94
DXM Y= 31216.37 + 2519.95c 0.9971 2.5–160 0.98
DHM Y= 103065.58 + 4609.03c 0.9991 6.6–420 0.66
CLP Y= 55355.31 + 2475.35c 0.9995 4.5–300 1.19

a Yandc stands for the peak area and the concentration (mg/L) of the analytes, respectively.
b The detection limit was defined as the concentration where the signal-to-noise ratio is 3.

3.3. Influence of applied voltage and capillary
temperature

It was found with the applied voltage ranging from 15
to 27.5 kV that the migration time decreased with increas-
ing applied voltage and the curve reveals higher linear rela-
tionships between the run current and applied voltage. The

breakdown of electric current occurred sometimes during the
experiments when the voltage was high than 27.5 kV. There-
fore, 25 kV was selected for relatively good separation of four
compounds with shorter analysis time and acceptable elec-
tric current. The influence of capillary temperature was also
studied with optimized electrophoretic medium between 15
and 27.5◦C. When the temperature was higher than 25◦C,

Table 2
Determination results of the analytes in the samples (n= 3)

Samples Compounds Found Labeled Relative error (%)

Fufang Ganmaoling tablets CLP 0.59 mg/tablet – –

Black tablet of compound pseudoephedrine HCl tablets PE 29.98 mg/tablet 30.00 mg/tablet −0.07
DXM 15.08 mg/tablet 15.00 mg/tablet 0.53
DHM 23.04 mg/tablet 25.00 mg/tablet −7.84

White tablet of compound pseudoephedrine HCl tablets PE 29.46 mg/tablet 30.00 mg/tablet −1.80
DXM 14.45 mg/tablet 15.00 mg/tablet −3.67

Compound paracetamol and amantadine HCl tablets CLP 1.95 mg/tablet 2.00 mg/tablet −2.50

Compound pseudoephedrine HCl sustained capsules PE 93.67 mg/capsule 90.00 mg/capsule 4.08
CLP 3.82 mg/capsule 4.00 mg/capsule −4.50

Table 3
Recovery of the four analytes (n= 3)

Samples PE DXM DHM CLP

Added Recovery Added
)

Recovery Added Recovery (%) Added Recovery

F –

B

W

C

C

(mg/L) (%) (mg/L

ufang Ganmaoling tablets – –
– – –
– – –

lack tablet of compound
pseudoephedrine HCl tablets

90 95 45

180 98 90

270 97 135

hite tablet of compound
pseudoephedrine HCl tablets

90 92 45

180 94 90
270 98 135

ompound paracetamol and
amantadine HCl tablets

– – –

– – –
– – –

ompound pseudoephedrine HCl
sustained capsules

260 107 –

520 108 –
780 105 –
(%) (mg/L) (mg/L) (%)

– – – 15 102
– – – 30 105
– – – 45 104

91 60 106 – –

96 120 103 – –

93 180 105 – –

101 – – – –

104 – – – –
109 – –

– – – 75 91

– – – 150 96
– – – 225 92

– – – 150 97

– – – 300 99
– – – 450 101
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breakdown of electric current was sometimes observed. So
25◦C was selected as the optimum.

A typical electropherogram for a standard mixture under
the optimum conditions was shown inFig. 1a. All four ana-
lytes were well separated within 10 min.

3.4. Linearity, reproducibility, and detection limits

The linear relationship between the concentration of the
four analytes and the corresponding peak area were investi-
gated under the optimum separation conditions. The results
are shown inTable 1. The detection limits are also given in
Table 1. The R.S.D. (n= 5) of the migration time and the
peak area were 0.37 and 2.80% for PE, 3.90 and 3.50% for
DXM, 0.73 and 1.60% for DHM, 0.68 and 3.70% for CLP,
respectively.

3.5. Applications

The method was used for the analysis of PE, DXM, DHM
and CLP in five cold medicines. The typical electrophero-
grams for the separation of PE, DXM, DHM and CLP are
illustrated inFig. 1b–f, respectively. The peaks were iden-
tified by comparison of the migration times and spectra of
the separated compounds and standards, and by spiking the
standards to the sample solution. Each sample was extracted
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is also simple for the identification of analytes. In addition,
using NACE, not only was the analysis time shortened, but
also a high degree of peak symmetry was obtained. There-
fore, the method can be applied to the quality control of cold
medicines.
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