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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
(CLP). The most suitable running buffer was composed of 40 MM ammonium acetate, 10% acetonitrile (ACN) in methanol with a fused-
silica capillary column (47 cnx 75um i.d.), 25kV applied voltage and 2& capillary temperature. The calibration curves revealed linear
relationships between the peak area for each analyte and its concentration (correlation coefficients: 0.9993 for PE, 0.9971 for DXM, 0.9991
for DHM, and 0.9995 for CLP, respectively). The relative standard deviations of the migration time and peak area of the four compounds
were 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 determine the four
compounds 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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1. Introduction (2-pyridinepropanaminey-(4-chlorophenyl)N,N-dimethyl,
(2)-2-butenedioate) is an antihistamine and is widely used

Pseudoephedrine (PE) is one of the major bioactive com-as an ingredient in antitussive preparati¢®s These four
ponents in the Ephedra herb that is a commonly used Chinese&compounds are the pharmacologically active constituents

traditional medicine intended for diaphoretic purpodgsit found in most cold medicines.

is an adrenergic agent with the chemical na®¢R , R')]- All of the analytes are basic nitrogenous compounds and
a-[1-(methylamino)ethyl]-benzenmethanol. Dextromethor- the separation and determination of these compounds in
phan (DXM) ((+)-3-methoxy-17-methyl-(913x,14x)- dosage forms is complicated due to their similarities in some

morphinan) is an antitussive drug. Diphenhydramine physical and chemical propertifd. High performance lig-
(DHM)  (2-(diphenylmethoxy)N,N-dimethylethylamine) uid chromatography (HPLC) is the most used technique for
is a sedating antihistamine. Chlorpheniramine (CLP) the quantification of the four compounds in preparations and
plasmg4-12], but owing to the basic properties of these com-
- pounds they strongly interact with the stationary phase of the
Abbreviations:NACE, nonaqueous capillary electrophoresis; PE, pseu- HPLC column. Thus the use of HPLC is restricted by long
Sﬁﬁfgﬁsﬂﬁz;ﬁém dextromethorphan; DHM, diphenhydramine; CLP, gnalysis times, peak asymmetry and poor efficiga6y14]
* Corresponding author. Tel.: +86 931 8912763; fax: +86 931 8912582. Difference sp'ectrophotometrlc methdds, 16] prOt.OH nu-
clear magnetic resonance (NMR)7] and gas-liquid chro-
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nation of these analytes. These methods usually require ex+feagents were of analytical grade, unless otherwise specified.
traction and complicated pretreatment procedures prior to Stock solutions of PE (520 mg/L), DXM (160 mg/L), DHM

analysis. (420 mg/L) and CLP (300 mg/L) were prepared in methanol.
PE has been separated by capillary zone electrophoresifAnalytical solutions were prepared from them by appropriate
(CZE) and detected with laser-induced fluorescefieg. dilution with the run buffer. The run buffer was prepared from

This method was very sensitive, but the sample needed to5 mL of 0.2 mol/L ammonium acetate (methanol medium)

be derivatised. Though CLP and DXM have been separatedand 2.5 mL of acetonitrile in a 25 mL flask and diluted to

by micellar electrokinetic chromatography (MEK[P] and 25 mL with methanol. Prior to use, all solutions and run

CZE[3], their quantification was not investigated. DHM has buffers were degassed by ultrasound for 10 min and filtered

also been separated and determined by MEKC and[C@E through a 0.4%m membrane filter.

These methods used aqueous background buffers but the

peaks were not very symmetrical and the separation times2.3. Sample preparation

were long. However, there is no report on a nonaqueous cap-

illary electrophoresis (NACE) separation and determination  Ten tablets of Fufang Ganmaoling tablets, black tablets

of this combination. (Hei Pian) and white tabletsRai Pian) of compound pseu-

Here a NACE method was developed for the identi- doephedrine HCI tablet8gi Jia Hel), compound paraceta-

fication and determination of pseudoephedrine (PE), dex- mol and amantadine HCI tablet&&nkang were weighed

tromethorphan (DXM), diphenhydramine (DHM) and chlor- exactly and the average weights of tablets were calculated,

pheniramine (CLP) in cold medicines. then, powdered respectively, and 0.8000, 0.5000, 0.5000 and
1.000g powders were weighed exactly and extracted with
10 mL methanol in an ultrasonic bath for 1 h, respectively. Ten

2. Materials and methods capsules of compound pseudoephedrine HCI sustained cap-
sules Kin Kangtaike¢ were weighed exactly and the average
2.1. Instruments weight of capsules was calculated, then, opened and 0.2000 g

powder was weighed and extracted with 10 mL methanol in

The nonaqueous capillary electrophoresis experimentsan ultrasonic bath for 1 h. Prior to analysis, all of the ex-
were performed on a P/ACE5510 system (Beckman Coul- tracts were filtered through a 0.451 membrane filter, 2.0
ter Instrument, Fullerton, CA, USA) equipped with a P/ACE fold diluted with run buffer and the resulting solutions were
diode-array detector. The system was controlled by a P/ACE prepared for analysis.
station software. The separation was carried out on a 47 cm
(40cm to the detector) 75um i.d. fused-silica capillary
(Yongnian Photoconductive Fiber Factory, Hebei, China) 3. Results and discussion
house in a cartridge with a 8Qm x 200pm detector win-
dow. Samples were introduced by applying a pressure of To achieve good sensitivity and satisfactory separations
0.5psi for 2s. The capillary was conditioned with 0.1 M the optimization of separation conditions was of primary
NaOH for 10 min and distilled water for 5 min, followed by importance. The first investigations were carried out using
the electrophoresis buffer for 5 min, prior to use. After each 40 MM ammonium acetate and 10% (v/v) ACN buffer with
run the capillary was rinsed with 0.1 M NaOH for 2 min, dis- methanol as solvents.
tilled water for 2 min and then the running buffer for 2 min.
The buffer was renewed after every two runs to ensure good3.1. Effect of concentration of ammonium acetate
reproducibility. The capillary was maintained at 25 To
avoid buffer and sample evaporation, the buffer and sample  Buffer concentration markedly affects the separation be-

reservoir must have lids. cause it caninfluence the EOF and the viscosity of electrolyte.
In order to obtain the best resolution of the four analytes, the
2.2. Reagents effect of the concentration of ammonium acetate was inves-

tigated in the range from 20 to 100 mM with 10% (v/v) ACN

Standard pseudoephedrine hydrochloride, dextromethor-and 25kV applied voltage. The migration time of the four
phan hydrobromide, diphenhydramine hydrochloride and analytes increased with the ammonium acetate concentration
chlorpheniramine maleate were obtained from the National increasing. This phenomenon may be attributed to the higher
Institute for the Control of Pharmaceutical and Bio-products Joule heating caused by conductivity of the buffer increas-
of China (Beijing, China). Ammonium acetate and acetic ing and the EOF decreases with increasing ion strength (de-
acid were purchased from Tianjin First Chemical Factory. crease of zeta-potential). Increases in migration times as well
Acetonitrile was purchased from Tianjing Secondary Chem- as current were observed when the concentration of buffer in-
ical Factory. Methanol was purchased from Shanghai Zhenx- creased. Resolution also increased for higher concentration.
ing First Chemical Factory. Cold medicines were purchased When the ammonium acetate concentration was 40 mM, their
from Zhongyou Pharmaceutical Store, Lanzhou, China. All detection 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; (ejstdek tabl
Pian) and (d) white tabletsRai Pian) of compound pseudoephedrine HCI tableBsi(Jia Hej; () compound paracetamol and amantadine HCI tablets
(Gankang; (f) capsules of compound pseudoephedrine HCI sustained capXiné&ngtaikg. Buffer, 40 mM ammonium acetate, 10% ACN; capillary, 47 cm
(40 cm to the detectory 75um ID; applied voltage, 25kV; cartridge temperature; €5 detection, 214 nm.

3.2. Effect of ACN concentration

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
The migration times of the four analytes considerably de- four compounds was highest. Considering the total analy-

creased when the ACN percentage in buffer was increasedsis 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 equatiof=a+bc? Correlation coefficient Linear range (mg/L) Detection limit (mg/L)
PE Y=30360.21 + 888.65 0.9993 8.0-520 1.94

DXM Y=31216.37 +2519.95 0.9971 2.5-160 0.98

DHM Y=103065.58 + 4609.@3 0.9991 6.6-420 0.66

CLP Y=55355.31+2475.35 0.9995 4.5-300 1.19

2 Y andc 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 breakdown of electric current occurred sometimes during the
temperature experiments when the voltage was high than 27.5kV. There-
fore, 25 kV was selected for relatively good separation of four
It was found with the applied voltage ranging from 15 compounds with shorter analysis time and acceptable elec-
to 27.5kV that the migration time decreased with increas- tric current. The influence of capillary temperature was also
ing applied voltage and the curve reveals higher linear rela- studied with optimized electrophoretic medium between 15
tionships between the run current and applied voltage. Theand 27.5C. When the temperature was higher thar? @5

Table 2
Determination results of the analytes in the samphes3)
Samples Compounds Found Labeled Relative error (%)
Fufang Ganmaoling tablets CLP 0.59 mg/tablet - -
Black tablet of compound pseudoephedrine HCI tablets PE 29.98 mg/tablet 30.00 mg/tablet —0.07
DXM 15.08 mg/tablet 15.00 mg/tablet .88
DHM 23.04 mg/tablet 25.00 mg/tablet —7.84
White tablet of compound pseudoephedrine HClI 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 HCI tablets CLP 1.95 mg/tablet 2.00 mg/tablet —2.50
Compound pseudoephedrine HCI sustained capsules PE 93.67 mg/capsule 90.00 mg/capsule .08 4
CLP 3.82mg/capsule 4.00 mg/capsule —4.50
Table 3
Recovery of the four analytes € 3)
Samples PE DXM DHM CLP
Added Recovery Added Recovery Added Recovery (%) Added Recovery
(mg/L) (%) (mg/L) (%) (mg/L) (mg/L) (%)
Fufang Ganmaoling tablets - - - - - - 15 102
- - - - - - 30 105
- - - - - - 45 104
Black tablet of compound 90 95 45 91 60 106 - -
pseudoephedrine HCI tablets
180 98 90 96 120 103 - -
270 97 135 93 180 105 - -
White tablet of compound 90 92 45 101 - - - -
pseudoephedrine HClI tablets
180 94 90 104 - - - -
270 98 135 109 - -
Compound paracetamol and - - - - - - 75 91
amantadine HClI tablets
- - - - - - 150 96
- — - - - - 225 92
Compound pseudoephedrine HCl 260 107 - - - - 150 97
sustained capsules
520 108 - - - - 300 99

780 105 - - - - 450 101
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breakdown of electric current was sometimes observed. Sois also simple for the identification of analytes. In addition,

25°C was selected as the optimum. using NACE, not only was the analysis time shortened, but

A typical electropherogram for a standard mixture under also a high degree of peak symmetry was obtained. There-
the optimum conditions was shown fig. 1a. All four ana- fore, the method can be applied to the quality control of cold
lytes were well separated within 10 min. medicines.

3.4. Linearity, reproducibility, and detection limits
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