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Abstract

Capillary zone electrophoresis was employed for the determination of diclofenac sodium using an end-column
amperometric detection with a carbon fiber microelectrode, at a constant potential of 0.83 V vs. saturated calomel electrode.

23 23The optimum conditions of separation and detection are 4.90?10 mol / l Na HPO –3.10?10 mol / l NaH PO (pH 7.0)2 4 2 4

for the buffer solution, 10 kV for the separation voltage, 5 kV and 10 s for the injection voltage and the injection time,
26respectively. The limit of detection is 2.5?10 mol / l or 5.2 fmol (S /N52). The relative standard deviation is 0.8% for the

migration time and 4.7% for the electrophoretic peak current. The method was applied to the determination of diclofenac
sodium in human urine.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Diclofenac sodium, sodium [o-(2,6-dichlo-
roanilino) phenyl] acetate (Fig. 1), is a relatively safe
and effective non-steroidal drug with pronounced
antirheumatic, antiinflammatory, analgesic and an-
tipyretic properties [1], which is widely used in the
treatment of degenerative joint diseases and other
arthritic conditions [2,3]. It has been determined by a
variety of analytical techniques, the most commonly
used being spectrophotometry [4,5], thin-layer chro-
matography [6,7], gas chromatography [8,9] and
liquid chromatography [10–15]. Spectrophotometry
requires extensive sample preparation by chemical
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reaction or extraction. Thin-layer chromatography the working electrode, a Pt wire as the auxiliary
lacks the sensitivity and accuracy. Gas chromatog- electrode and a saturated calomel electrode (SCE) as
raphy needs extraction and derivatization prior to the reference electrode. The reference electrode
separation and detection. Liquid chromatography has connected to the analyte via a salt bridge filled with
been used for the determination of diclofenac sodium the same supporting electrolyte as in the cell.
alone or together with its metabolites in body fluids.
Nevertheless, some procedures have to employ the 2.1.2. Capillary zone electrophoresis
complex instrumentation and installation or use A high-voltage power supply (Model GDY, Shan-
fluorimetric detector, if higher separation efficiency dong Institute of Chemical Engineering and School
and sensitivity are obtained. of Chemistry, Shandong University, China) provided

Recently, capillary zone electrophoresis (CZE) has a variable voltage of 0|30 kV across the capillary
emerged as a powerful new method for rapid sepa- with the outlet of the capillary at ground potential.
ration and detection of charged analytes [16,17]. This Fused-silica capillaries (360 mm O.D.325 mm I.D.)
technique has been applied for the analysis of a were purchased from Yongnian Optical Conductive
variety of compounds (e.g., proteins, amino acids, Fiber Plant, China. They were cut to a length of 30.5
nucleotide, etc.). Amperometric detection provides cm and placed between two buffer reservoirs. A high
excellent sensitivity for the small dimensions associ- voltage was applied at the injection end, while the
ated with CZE, while offering a high degree of reservoir containing the electrochemical detection
selectivity toward electroactive species and low cost cell was held at ground potential. Separations were
[18]. In our laboratory this technique has been carried out at an applied voltage of 8|10 kV.
applied to cysteine [19], glutathione [20], purine The electrochemical detection at a constant po-
bases [21–23], bovine serum albumin [24] and tential with CZE was performed using the end-
cytochrome c [25]. The theory concerning the cur- column amperometric approach with a micro-current
rent for the end-column amperometric detector in voltammeter (Model 901-pA, Ningde Analytical
CZE has been investigated [26,27]. Instruments, China). The detection cell and detector

In this work we developed a method for the were housed in a Faradaic cage in order to minimize
detection of diclofenac sodium with the end-column the interference from external sources of noise.
amperometric detection at a carbon fiber microelec- Electrochemical detection was carried out with a
trode. The separation was performed in a 25 mm I.D. three-electrode system. It consisted of a carbon fiber
fused-silica capillary. The detection was carried out microelectrode as the working electrode, a coiled Pt
by using potentiostatic control of the electrode wire as the auxiliary electrode, which also served as
potential by means of a three-electrode system. The the ground for the high potential drop mentioned
method has been used to determine diclofenac above across the capillary and a SCE as the reference
sodium in human urine. electrode. The arrangement of the electrochemical

detection cell was illustrated in Ref. [24] in detail.

2. Experimental 2.1.3. Carbon fiber electrodes
In cyclic voltammetry carbon fiber array elec-

2.1. Apparatus trodes were used. We took a glass capillary (ca. 5
cm30.5 mm I.D.31 mm O.D.) with a funnel-shaped

2.1.1. Cyclic voltammetry inlet at an end. A mercury droplet was put into the
A cyclic voltammetric analyzer (Model 79-1, glass capillary from the funnel-shaped inlet. Then the

Jinan Fourth Radio Factory, China) coupled with an ‘‘funnel’’ was removed. About 40 carbon fibers of
x–y recorder (Model 3086-11, Yokogawa Hokuskin, 8-mm diameter soaked with acetone were carefully
Japan) was used. It was used in connection with a inserted into the glass capillary at the other end. The
cell, using potentiostatic control of the electrode carbon fiber array was connected to a copper wire
potential by means of a three-electrode system, (0.4 mm diameter, 12 cm length) via the mercury
which consisted of a carbon fiber array electrode as junction by pushing a copper wire down. After
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drying the other end of the copper wire and the In CZE, the carbon fiber microelectrode was
carbon fiber array were bonded to the glass capillary cemented onto a microscope slide, which was placed
using a low viscosity ethyl a-cyanoacrylate adhesive. over a laboratory-made xyz micro-manipulator and
The carbon fibers and the adhesive were lightly glued in place. The position of the carbon fiber
touched with a glass bar. A glass tube (8 cm31.5 microelectrode was adjusted (under a microscope)
mm I.D.38 mm O.D.) was put outside the glass against the end of the capillary, so that the electrode
capillary, in order to protect the glass capillary. The and the capillary were in contact. This arrangement
copper wire was bonded to the glass tube using allowed one to easily remove and realign both the
epoxy resin. The carbon fiber array was bonded at capillary and the electrode. The other end of the
the other end of the glass tube and protruded capillary was inserted into a plastic syringe tip (the
approximately 1 cm from the end. Then the carbon metal needle was previously removed) and glued in
fibers were cut to 5 mm. place with a small amount of epoxy glue. Before

For CZE, the single carbon fiber microelectrodes each run, the capillaries were flushed with double
were constructed using 8-mm carbon fiber instead of distilled water, 0.1 mol / l NaOH and double distilled
the carbon fiber array. The manufacturing process water, respectively, and then filled with the corre-
was the same as the carbon fiber array electrode sponding separation electrolyte by means of a sy-
described above. A copper wire of 0.1 mm diameter ringe. In addition, the electrolyte solution at the
as the electric connection was used instead of the electrochemical cell was also replaced before each
copper wire of 0.4 mm diameter and no the glass run. During the experiments the separation voltage
tube was outside the capillary. The carbon fiber was applied across the capillary and the detection
protruded was cut to about 300 mm. potential was applied at the working electrode. After

Before use all carbon fiber electrodes were washed the electroosmotic current reached a constant value
with alcohol and immersed in water for 4|5 h. (after 10 min), the electromigration injection was

carried out and the electropherogram was recorded.
2.2. Reagents and solutions The separation electrolyte in the capillary was re-

placed after five or six runs.
22A 1.00?10 mol / l stock solution of diclofenac

sodium was prepared by dissolving an appropriate
amount of diclofenac sodium (pharmaceutical grade, 3. Results and discussion
Yanzhou Pharmaceutical Factory, China) in water
and stored at 48C in a refrigerator. Dilute solutions

3.1. Cyclic voltammogram of diclofenac sodiumwere obtained by serial dilution of the stock solution
with water. All reagents were of analytical grade. All

The voltammetric characteristics of diclofenacsolutions were prepared with double distilled water.
sodium on glassy carbon electrode have been investi-
gated by several researchers [11,28]. We found that2.3. Procedure
diclofenac sodium can also be oxidized at the carbon
fiber array electrode in Na HPO –NaH PO buffer2 4 2 4For cyclic voltammetry the carbon fiber array
of pH 7. Fig. 2 shows its typical cyclic voltammo-electrode must be pre-scanned 4|5 times between 0
gram in this solution. An oxidation peak of di-to 1 V vs. SCE in the 0.120 mol / l Na HPO –0.0802 4 clofenac sodium at ca. 0.70 V is observed and nomol / l NaH PO buffer until a steady cyclic volt-2 4 reduction peak appears (curve 2).ammogram was obtained. The carbon fiber array

electrode was directly inserted in the experimental
solution containing diclofenac sodium, and a cyclic 3.2. Optimum conditions of CZE with end-column
voltammogram was recorded. The electrode must be amperometric detection
cleaned in water for 2 min with the supersonic wave
cleaner before each detection. All potentials were Fig. 3 shows the relationship between the detected
measured vs. SCE. peak current, i , and the applied potential, E . Whenp d
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Fig. 2. Typical cyclic voltammogram of diclofenac sodium at the carbon fiber array electrode: 1, 0.120 mol / l Na HPO –0.080 mol / l2 4
24NaH PO ; 2, (1)11.00?10 mol / l diclofenac sodium. v520 mV/s.2 4

E ,0.7 V, i increases slowly with increasing E . In pH range of 6.5|7.5, the change of peakd p d

When E .0.7 V, i increases rapidly. When E .0.8 current, i , migration time, t , and the number ofd p d p m

V, i increases slowly again. When an E of 0.83 V is theoretical plates, N, is very small. i is slightly highp d p

applied, the baseline of detection current is improv- at pH 7. Therefore pH 7 is selected. Effect of the
ing, noise is getting lower and the shape of the peak concentration of the buffer, C , on t , i and N inB m p

on the electropherogram also improves. An E of Na HPO –NaH PO is described in Table 1. Ind 2 4 2 4

0.83 V is suitable for the detection because of the Table 1, C only indicates the value of the con-B

smooth baseline and fine shape of the electrophero- centration of Na HPO , the ratio of the concentration2 4

grams. of NaH PO to the concentration of Na HPO is2 4 2 4

23 23Fig. 3. Relationship between detected peak current and detected potential. 4.90?10 mol / l Na HPO –3.10?10 mol / l NaH PO (pH2 4 2 4
257.0); 9.90?10 mol / l diclofenac sodium; capillary: 30.5 cm325 mm I.D.; injection, 5 kV for 10 s; separation voltage, 10 kV.
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Table 1 i and N on V . 1 /t is proportional to V . Np s m s
The values of t , N and i at different concentrations of Cm p B decreases with increasing V . There is a maximums(E 50.83 V, other conditions as in Fig. 3)d for i at V 58 kV. Therefore 8 kV for V was chosen.p s s

23C t 10 N iB m p Fig. 5 shows the typical electropherograms of
(mol / l) (s) (pA) 24 265.00?10 mol / l and 9.90?10 mol / l diclofenac

246.1?10 244 6.73 99 sodium at optimum conditions. Small peak width and
231.2?10 297 8.80 99 little tailing of the peak were obtained.232.4?10 310 1.09 104
233.1?10 340 1.31 106
23 3.3. Reproducibility, limit of detection and linear4.9?10 384 1.69 106

range

1:1.16. N was calculated according to the following The response for a series of six injections of
25equation: 9.90?10 mol / l diclofenac sodium resulted in a

relative standard deviation of 0.8% for t and 4.7%2 mtm
]]N 5 5.54 ? (1) for i , respectively. The limit of detection is 2.5?S D pW 261 / 2 10 mol / l (signal-to-noise ratio of 2), which was

where W is the width at the half-peak on the estimated from the electropherograms obtained for1 / 2
26electropherograms. 9.90?10 mol / l diclofenac sodium (see Fig. 5,

t , N and i increase slowly with increasing C . In curve 2), or 5.2 fmol for the injected volumem p B
23our experiments 4.90?10 mol / l Na HPO –3.1? calculated.2 4

2310 mol / l NaH PO was used. A linear relationship holds between the peak2 4

The separation voltage, V , exerts an influence on current detected and concentration in the range ofs
26 24t and N [29]. Fig. 4 shows the dependence of 1 /t , 9.90?10 to 5.00?10 mol / l. Least-squares treat-m m

Fig. 4. Dependence of the reciprocal migration time (1), the number of theoretical plates (2) and the peak current detected (3) on the
separation voltage. E 50.83 V, other conditions as in Fig. 3.d
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possibility of the standard addition method. The
electropherograms of human urine sample without
and with the standard solution of diclofenac sodium
are shown in Fig. 6. Peaks A and B in the elec-
tropherograms are unknown. The peak of diclofenac
sodium appears between peak A and peak B. The
average concentration of diclofenac in the human
urine samples obtained by the standard addition

23method is 4.15?10 mol / l, which agrees with the
value in the human urine sample. The recovery is
between 96% and 104%.
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Fig. 5. Typical electropherograms of diclofenac sodium. Con-
24 26centration of diclofenac sodium: 1, 5.00?10 mol / l; 2, 9.90?10

mol / l. E 50.83 V, other conditions as in Fig. 3.d
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