
Abstract A new strategy for the preparation of a DNA-
modified carbon paste electrode is developed. It is found
that the anodic response of mifepristone is greatly en-
hanced at the dsDNA-modified carbon paste electrode
comparing with that obtained at the bare electrode, while
the response at a ssDNA-modified electrode is similar to
bare electrode. So the dsDNA-modified electrode is em-
ployed as a sensitive biosensor for the detection of
mifepristone. A linear dependence of the peak currents on
the concentration is observed in the range 2.0 × 10–7 ~ 2.0 ×
10–6 mol/L, with a detection limit of 1.0 × 10–7 mol/L. The
relative standard deviation is 4.3% for six successive de-
terminations of 1.0 × 10–6 mol/L mifepristone. The deter-
mination of mifepristone tablets is carried out and satis-
factory results are obtained.

Introduction

There have been extensive researches on DNA-modified
electrodes as an electrochemical approach to molecular
biology [1–3]. Most sensors typically possess single
stranded DNA and are based on nucleic acid recognition
processes towards the detection of genetic hybridization
to the immobilized DNA on the electrodes [1, 4–6]. DNA-
modified electrodes can also be used as sensitive sensors
to small molecules that interact with DNA. These small
molecules are non-covalently binding to DNA by a series
of weak interactions, such as π-stacking interactions asso-
ciated with intercalation of aromatic heterocyclic groups
between the base pairs, hydrogen bonding and van der
Waals interactions of functionality bound along the groove
of the DNA helix. Some researches have been reported,

for example, the detection of Co2+ and Co3+, respectively,
at a DNA-modified Au electrode [7] and the detection of
phenothiazine drugs at a DNA-modified carbon paste
electrode [8]. But one of the most important problems in
electrochemical DNA biosensors is the optimal immobi-
lization of DNA onto electrode surfaces. Some research
works are reported, such as adsorption [9], self-assembled
immobilization [10] and covalent immobilization [11]. In
this paper, a new, easy-made and renewable DNA-modi-
fied carbon paste electrode (DNA-modified CPE) is de-
veloped, and its electrochemical behavior is investigated.

Mifepristone is a kind of progesterone receptor com-
pound (its structure is shown in Fig.1), and mainly used in
anti-pregnancy. Its analytical methods include HPLC
[12], radioreceptor assay [13] and adsorptive stripping
voltammetry at a mercury electrode [14]. In this work, the
binding of mifepristone with DNA in order to design an
affinity biosensor was investigated. This modified elec-
trode offers a sensitive and rapid method for the detection
of traces of mifepristone. It was also found that this DNA-
modified electrode could be applied to determine other
small molecule drugs such as 6-mercaptopurine.

Experimental

Reagents

Calf thymus DNA was obtained form Sigma Company, and was
used as received. Native double stranded DNA(dsDNA) was dis-
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Fig.1 Structure of mifepristone



solved in double-distilled water prior to use. Denatured single
stranded DNA (ssDNA) was produced by heating native dsDNA
solution in a water bath at 100°C for 5 min, followed by rapid
cooling in an ice bath [3]. Tris(2,2′-bipyridyl)-cobalt(III) perchlo-
rate [Co(bpy)3(ClO4)2] was prepared as reported [15]. Mifepris-
tone was obtained from Shanghai Hualian Pharmaceutical Com-
pany (Shanghai, China), and its stock solution was prepared in
0.05 mol/L phosphate buffer solution containing 30% ethanol (pH
7.0). Other chemicals were of analytical reagent grade. All solu-
tions were prepared with double distilled water.

Preparation of DNA-modified carbon paste electrodes

2.0 g graphite powder was added to 10 mL of 1.0 mg/mL dsDNA
solution and stirred for 20 min. The resulting mixture was kept at 
4 °C for 4 h. The mixture was then filtered and rinsed with double
distilled water. The modified powder was dried under an infrared
lamp. Carbon paste was then prepared in the usual way by hand-
mixing powder with mineral oil in a 70:30 mass ratio. The work-
ing electrode was a glass tube (4 mm in diameter) with a copper
wire providing electrical contact. After tightly packed with carbon
paste, the electrode surface was polished on a weighing paper prior
to use. ssDNA-modified carbon paste electrodes were prepared in
the same way as dsDNA.

Voltammetric procedure

Cyclic voltammetry (CV), differential pulse voltammetry (DPV)
and second harmony AC voltammetry (SHACV) were performed
with CHI660 Instrument (CH Company, USA). A three-electrode
system was employed with saturated calomel reference electrode
(SCE), a carbon paste working electrode and a platinum auxiliary
electrode.

SHACV measurements. A freshly smoothened electrode was trans-
ferred into a stirred sample solution for the desired time at an open
circuit. SHACV measurement was then performed with a fre-
quency of 50 Hz increasing potential of 0.004 V and amplitude of
25 mV. The electrode was renewed before each measurement.

Results and discussion

Electrochemical behavior of DNA-modified CPE

Figure 2 shows SHACV curve of the dsDNA-modified car-
bon paste electrode (0.05 mol/L KH2PO4-Na2HPO4 phos-
phate buffer solution, pH 7.0). There is a well-defined ox-
ide peak at 1.08 V, while no peaks were obtained at a bare
carbon paste electrode in this potential range. Joseph
Wang [16] and Dai-Wen Pang [17] proved that this peak
belongs to the oxidation of DNA-guanine. It can be con-
cluded that DNA is modified onto the surface of CPE.

Co(bpy)3
3+ was often used as probe to recognize sur-

face-bonded DNA [15]. The DPV curve of [Co(bpy)3
3+]

with the bare and dsDNA-modified CPE are displayed in
Fig.3. It can be found that the response of [Co(bpy)3

3+] at
the modified CPE are well defined and much higher than
that obtained at the bare CPE. Such an response enhance-
ment corresponds to [Co(bpy)3

3+] preconcentrated at the
surface-bonded dsDNA, which is in good agreement with
reference [11]. In the experiment, almost no change of
peak current was found within an hour, showing that this
modified electrode is stable enough for analytical utiliza-
tion.

Interaction of DNA with mifepristone 
at the electrode surface and in solution

Figure 4(a) shows the cyclic voltammogram of 1.0 ×
10–4 mol/L mifepristone at a bare CPE in 0.05 mol/L
phosphate buffer solution (pH 7.0). There is an irrevisible
oxide peak appearing at 0.62 V. In the presence of 3.0 ×
10–4 mol/L DNA, the peak current decreases, which
shows that DNA can interact with mifepristone. Figure 4(b)
shows this result.

Figure 5(a) shows the second harmony A C voltammo-
gram of 1.0 × 10–6 mol/L mifepristone at the dsDNA-
modified electrode in 0.05 mol/L phosphate buffer solu-
tion (pH 7.0). The peak current increased about 10 times
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Fig.2 Second harmony AC voltammogram of dsDNA-modified
electrode

Fig.3 Differential pulse voltammograms of 1.0 × 10–4 mol/L
Co(bpy)3

3+ at a bare (a) and DNA-modified CPE (b). Supporting
electrolyte : 0.05 mol/L phosphate buffer solution (pH 7.0), pulse
amplitude : 50 mV, pulse width : 0.06 s



comparing with that obtained at the bare CPE (Fig.5(b)).
However, at the ssDNA-modified electrode, the peak cur-
rent almost did not change significantly, this suggests that
dsDNA-modified electrodes provided an increased surface
concentration and enhanced electrochemical response for
mifepristone. So, it can be used for the detection of this
drug.

It has been reported that mifepristone can intercalate
into the DNA double helix [18]. In solution, dsDNA in-
teracts with mifepristone and decreases its diffusion coef-
ficient, the peak current decreases. On the other hand, at
dsDNA-modified CPE, mifepristone accumulates onto the
surface interacting with immobilized dsDNA and causes

an increased oxide peak. Because there is no evident in-
teraction between mifepristone and ssDNA, the response
at ssDNA-modified electrode almost does not change.

Determination of mifepristone

The sensitive electrochemical technique, SHACV in the
range of 0.3 ~ 0.8 V was employed to determine traces of
mifepristone. The effects of accumulation time and accu-
mulation potential on the current response were exam-
ined. The accumulation potential was almost not affected
by the peak current. So, open circuit preconcentration was
chosen. The influence of accumulation time upon the
peak current is shown in Fig. 6. The peak current in-
creased with the accumulation time up to 3 min before it
levels off. So 3 min were chosen as the optimum time.

Figure 7 displays the SHACV curves of different
mifepristone concentrations. The anodic response increased
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Fig.4 Cyclic voltammograms of 1.0 × 10–4 mol/L mifepristone at
bare CPE in the absence (a) and presence (b) of 3.0 × 10–4 mol/L
DNA, scan rate : 50 mV/s

Fig.5 Second harmony AC voltammograms of 1.0 × 10–6 mol/L
mifepristone at dsDNA-modified electrode (a) and bare CPE (b)

Fig.6 Dependence of peak current on accumulation time. Other
conditions as in Fig.5

Fig.7 Second harmony AC voltammograms for different concen-
tration of mifepristone, a 2.0 × 10–7 mol/L; b 4.0 × 10–7 mol/L; 
c 6.0 × 10–7 mol/L; d 8 × 10–7 mol/L
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linearly with the drug concentration over the range of 
2.0 × 10–7 ~ 2.0 × 10–6 mol/L, with a detection limit of 
1.0 × 10–7 mol/L (S/N = 2). The relative standard deviat-
ion is 4.3% for six successive determinations of 1.0 ×
10–6 mol/L mifepristone.

The determination of mifepristone tablets were carried
out as follows: 25.0 mg powder of pharmaceutical tablets
containing mifepristone was dissolved in 100 mL ethanol.
Then it was diluted to 3.0 × 10–7 mol/L, 6.0 × 10–7 mol/L
and 9.0 × 10–7 mol/L in phosphate buffer (pH 7.0). The
sample solution was put into the electrochemical cell and
mifepristone was determined respectively. The voltam-
metric parameters are the same as those in Fig. 7. The re-
sults are given in Table 1.

Conclusion

A new dsDNA-modified carbon paste electrode was de-
veloped to study the interaction of DNA and mifepristone.
The dsDNA-modified electrode could act as a sensitive
biosensor for the detection of mifepristone. The modified
electrode is easy to prepare, stable, sensitive, reproducible
and does not need deoxygenate. Satisfactory results are
obtained.
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Table 1 Determination of
mifepristone tablets Sample no. Value determined (mg) at different concentrations Average recovery (%)

3.0 × 10–7 mol/L 6.0 × 10–7 mol/L 9.0 × 10–7 mol/L

1 25.1 24.8 24.7 99.5
2 25.2 25.3 25.4 101
3 24.8 24.6 24.5 98.5

Average value 24.9 99.7

RSD% 1.3%


