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As a result of the reaction between curcumin (CC) and copper(II) the characteristic peak of curcumin
at −1.0 V significantly increased, and the peak at −1.6 V disappeared. Curcumin forms complex with
copper(II).
ccepted 18 March 2010
vailable online 25 March 2010

eywords:
NA interaction
urcumin

The interaction between double stranded (ds) calf-thymus DNA and curcumin in the presence of
Cu(II) was studied in solution, by differential pulse adsorptive transfer voltammetry using carbon paste
electrode (CPE) and hanging mercury drop electrode (HMDE). Cu(II)–CC complex generated changes in
calf-thymus DNA. The characteristic peak of dsDNA, due to the oxidation of guanine residues, decreased.
The increased DNA damage by Cu(II)–CC complex was observed in the presence of various concentrations

ns, co
opper(II)
arbon paste electrode

of the transition metal io

. Introduction

Curcumin, a yellow spice and pigment from Curcuma longa L.
Zingiberaceae), is by far known for its anti-oxidant [1–4], anti-
nflammatory [4,5] and anti-cancer [3,4,6,7] activities. Curcumin
as proved not to have toxic, genotoxic or teratogenic properties
8–10], so this safe phytonutrient has been widely implied in pre-
linical and clinical studies [4]. It has been reported that curcumin
irectly binds to both synthetic and genomic nucleic acids [11].
lso, curcumin interacts strongly with biomacromolecules and the
on-covalent interactions are known to play a decisive role in its
echanism of action [12].
Curcumin and its derivatives have shown the ability of being

ree-radical scavenger, interacting with oxidative cascade, quench-
ng oxygen and chelating and disarming oxidative properties
f metal ions [13–15]. Biological activity of curcumin has been
ttributed to the hydroxyl group substituted on the benzene rings
nd also to the diketonic structure [16]. The �-diketo moiety of cur-
umin undergoes a keto-enol tautomerism. Crystal studies [17–19]
ave shown that the symmetric structure of curcumin leads to a
tatistically even distribution of the enol proton between the two

xygen atoms. A growing body of evidence indicates that various
etals act as catalysts in the oxidative deterioration of biolog-

cal macromolecules, and therefore, the toxicity associated with
hese metals may be due at least in part to their ability to gener-

∗ Corresponding author. Tel.: +30 2310 997722; fax: +30 2310 997719.
E-mail address: girousi@chem.auth.gr (S. Girousi).

039-9140/$ – see front matter © 2010 Published by Elsevier B.V.
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pper(II).
© 2010 Published by Elsevier B.V.

ate free radicals [20]. The strong chelating ability of diketones has
been widely investigated towards a great number of metal ions;
therefore, curcumin could be of great importance in the chelat-
ing treatment of metal intoxication and overload. Curcumin forms
complexes of the type 1:1 and 1:2 with copper, iron, and other tran-
sition metals. This property of binding of curcumin to metals like
iron and copper is considered as one of the useful requirements for
the treatment of Alzheimer’s disease [21] and it is interesting to
note that among the Indian populations, regular usage of turmeric
is one of the reasons responsible for the reduced risk of Alzheimer’s
disease [21].

Recently there have been many reports in the literature on
the metal-chelating properties of curcumin, employing techniques
like potentiometry and absorption spectroscopy [21–27]. Elec-
trochemistry has been used with much success in metal–ligand
studies [28,29]. Limson et al. [28] used electrochemistry to show
metal–ligand interactions between the pineal hormone melatonin
and a range of metals. Changes in current response and potential
are good indicators of alterations in the chemistry of a target com-
pound, such as that which occurs during an exchange of electrons
in metal–ligand bond formation. Adsorptive stripping voltammetry
exploits the natural tendency of analytes to pre-concentrate at an
electrode and is a useful technique for investigation of metal–ligand
interactions [30].
These considerations as well as all the other information about
curcumin on the clinical and chemistry aspects have already been
given in our previous paper [31] prompted us to electrochemicaly
explore the interaction between calf-thymus DNA and curcumin
in the presence of Cu(II). Our previous study [31] has explored
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he electrochemical properties of curcumin by cyclic and differen-
ial voltammetry. The present study is focused on the behavior of
NA exposed to curcumin and copper, based on the development
f an electrochemical biosensor, a carbon paste electrode. As yet
as been no literature report for the voltammetric detection of this

nteraction, by using differential pulse voltammetry.

. Experimental

.1. Reagents

All the chemicals used were of analytical reagents grade. Dou-
le stranded calf-thymus DNA (D-1501, highly polymerized) was
urchased from Sigma. Graphite powder was purchased from Fluka
50870), p.a. purity (99.9%) and particle size < 0.1 mm. A stock solu-
ion of curcumin (5.00 × 10−3 mol L−1) was prepared just before use
y dissolving CC in ethanol, and then diluted with ethanol as the
orking solutions. Copper standard solution (5.00 × 10−2 mol L−1)
as prepared by dissolving Cu(CH3COO)2 × H2O in doubly distilled
ater, purchased from Merck. The working solutions of copper(II)
ere prepared by dilution of the standard solution with doubly
istilled water. A stock solution of curcumin (5.00 × 10−3 M) was
repared just before use by dissolving CC in ethanol, purchased
rom Sigma.

The supporting electrolytes were 50 mM sodium phosphate
uffer solution + 0.3 M NaCl (pH 8.5) for measurement by hang-

ng mercury drop electrode [32] and 0.2 M sodium acetate buffer
olution + 20 mM NaCl (pH 5.0) for measurement by carbon paste
lectrode.

For the study of the electrochemical behaviour of dsDNA on
he CPE surface, the stock solutions (140 mg L−1) was prepared in
0 mM Tris–HCl and 1 mM EDTA at pH 8.0 [32].

.2. Apparatus

Differential pulse voltammetric measurements was performed
ith a PalmSens potensiostat purchased from IVIUM Technologies

The Netherlands, www.ivium.nl) and PalmSensPC software. The
orking electrodes were a hanging mercury drop electrode (EA

90 Metrohm, www.metrohm.com, type 6.0335.000, surface area
.22 mm2) and a carbon paste electrode with 3 mm inner and 9 mm
uter diameter of the PTFE sleeve. The reference electrode was a
aturated Ag/AgCl and the counter electrode was a platinum wire.

.3. Preparation of working electrodes

.3.1. Carbon paste electrode
The carbon paste was prepared in the usual way by hand-mixing

raphite powder and nujol oil to form homogeneous mixture. The
atio of graphite powder to nujol oil was 75:25. The resulting paste
as packed tightly into a PTFE sleeve and the electrode surface was
olished to a smooth finish on a piece of weighing paper. Electrical
ontact was established with stainless steel screw. The constructed
lectrode was washed with distilled water and then was transferred
o supporting electrolyte solution. The electrode was pre-treated
y applying a potential at +1.7 V for 1 min without stirring prior
o the accumulation step. The electrochemical pre-treatment pro-
uces a more hydrophilic surface state and a concomitant removal
f organic layers [33].
.3.2. Hanging mercury drop electrode
The hanging mercury drop electrode (HMDE) was transferred

o de-aerated supporting electrolyte solution. Ultra pure argon
as used to bubble the solutions of dissolved oxygen. Initially the

olution was bubbled with argon for 5 min. Additionally the blank
 (2010) 1731–1734

background buffer was de-aerated for 1 min before each measure-
ment.

2.4. Procedures

2.4.1. Differential pulse voltammetric study of the mixture of CC
and Cu(II) solutions

The study was performed in phosphate buffer pH 8.5, when
HMDE was used. The conditions were Estep = 0.005 V, Epulse = 0.025 V
and scan rate = 0.050 V s−1. In the case of CPE, acetate buffer pH 5.0
was used. The conditions were Estep = 0.005 V, Epulse = 0.025 V and
scan rate = 0.050 V s−1. Stock CC and Cu(II) solutions were added to
the proper buffer to produce the required concentrations and the
mixture was left to stand to equilibrate for 10 min.

2.4.2. Treatment of dsDNA with CC and Cu(II) in solution and
immobilization at the CPE surface

The analysis of solution-phase DNA with CC and Cu(II) consisted
of mixing the three components, followed by accumulation and
measurement of the peak current of guanine residues, by transfer
voltammetry, using differential pulse as the stripping mode. The
electrode was rinsed for 5 s prior to each medium exchange. Stock
CC and Cu(II) solutions were added to 0.2 M acetate buffer to pro-
duce the required concentrations and the mixture was left to stand
for 10 min. Thereafter, stock DNA (140 mg L−1) solution was added
to the mixture and a new mixture was left to stand for 5 min.

A freshly polished carbon paste electrode, after the electrode
pretreatment, was immersed into the solution. The accumulation
of the mixture (DNA, CC and Cu(II)) was performed by applying
a potential of +0.5 V for 5 min. The modified electrode was then
removed from the solution and washed twice with doubly distilled
water and with the background electrolyte solution. The washed
electrode was then placed into a voltammetric cell. The DP curve
was recorded in the blank acetate buffer solution, from +0.1 V to
positive/negative potential values direction. The conditions were
Estep = 0.005 V, Epulse = 0.025 V and scan rate = 0.050 V s−1.

3. Results and discussion

3.1. Curcumin–Cu(II) interaction

In our previous paper [31] it has been studied the electrochemi-
cal properties of curcumin using voltammetric techniques and CPE.
It has been shown that optimum deposition potential is 0.30 V and
deposition time is 120 s for the reduction peak at 0.3 V. In the same
condition, in this article, it has been conformed making complex
between curcumin and Cu(II) [34], what is obvious from Fig. 1.
The presence of 2.00 × 10−5 M Cu(II), at pH 5.0 affects the differen-
tial pulse voltammetric curves observed for CC. The characteristic
peak of curcumin at 0.3 V significantly decreased, and a new peak
appeared at 0.0 V as observed for the Cu(II)–CC system.

In addition, the voltammogram of curcumin at HMDE in the
cathodic scan [31] is shown that optimum deposition potential is
−0.8 V and deposition time is 60 s for reduction peak at −1.0 V and
−1.6 V. Using the same conditions and appropriate concentrations
of the metal and curcumin, reaction between those was followed.
In the presence of an appropriate amount of Cu(II), the DPV sig-
nals differ from those of CC. As a result of the reaction between

curcumin and Cu(II) (Fig. 2) the characteristic peak of curcumin at
−1.0 V significantly decreased, and the peak at −1.6 V disappeared.
The results show that there is an interaction between curcumin and
copper(II), with the possible formation of a complex between the
metal and this ligand, Cu(II)–CC complex.
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Fig. 1. DPAdS voltammograms in cathodic scan of (a) curcumin (5.00 × 10−6 M);
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b) as in (a) + 2.00 × 10−5 M Cu(II) in solution after incubation for 10 min at CPE.
eposition at 0.30 V for 120 s. The measurement was carried out in 0.2 M acetate
uffer solution, pH 5.0, a scan rate = 50 mV s−1, Estep = 5 mV, and Epulse = 25 mV.

.2. Damage of calf-thymus DNA by curcumin and Cu(II)

Cu(II)–CC complex generated changes in calf-thymus DNA. The
eaction between dsDNA and Cu(II)–CC complex was assessed by
ecording the characteristic peak of DNA at +1.02 V. This peak cor-
esponds to the oxidation of guanine residues [35]. As a result of
his interaction, the characteristic peak of dsDNA decreased. The
ncreased DNA damage by Cu(II)–CC complex was observed in the
resence of various concentrations of the transition metal ions, cop-
er(II) (140 mg L−1 dsDNA and 5 �M CC) (the results are not shown).
he most probable mechanism for DNA damage by Cu(II)–CC com-
lex appears to involve both the hydroxyl radical as well as singlet
xygen [34].

Furthermore, DNA was incubated with increasing concentra-
ions of Cu(II) (1–20 �M) in the presence of 5 �M curcumin at room
emperature in relation to different incubation time. Because the
ncubation time of the components is a very important factor affect-

ng the DPV response, the selection of the incubation time was done
ccording to the potential changes in the characteristic oxidation
eak of DNA. Fig. 3 presents the peak current response at pH 5.0 of
he immobilized mixture after incubation of DNA with a constant

ig. 2. DPAdS voltammograms in cathodic scan of (a) curcumin (5.00 × 10−6 M);
b) as in (a) + 2.00 × 10−5 M Cu(II) in solution after incubation for 10 min at HMDE.
eposition at −0.80 V for 60 s. The measurement was carried out in 0.05 M phos-
hate buffer solution, pH 8.5, a scan rate of 20 mV s−1, a frequency of 230 Hz, and
eak amplitude of 10 mV.
Fig. 3. The effect of incubation time on the oxidation peak of guanine residues
between dsDNA (0.140 g L−1) and constant concentration of CC (5.00 × 10−6 M) and
Cu(II) (2.00 × 10−5 M). Other conditions as described in Section 2.

concentration of CC (5.00 × 10−6 M) and Cu(II) (2.00 × 10−5 M) in
relation to different incubation time intervals. It is shown that the
current response decreased in the beginning, and later constant
with incubation time. The optimal incubation time was selected to
be 5 min.

In our previous paper [36] the interaction of copper(II) with
double-stranded calf-thymus DNA has been studied in solution
as well as at the electrode surface by means of differential
pulse stripping voltammetry and alternating current voltammetry,
using carbon paste electrode and hanging mercury drop electrode,
respectively. The peak current due to the oxidation of guanine
residues gradually increased and reached a maximum value when
the Cu(II) concentration became equal to 1.8 × 10−6 M. The peak
current of DNA leveled off with increasing concentrations of Cu(II)
[36] (Fig. 4a and c). In addition, in our recent paper [31], it has
been shown that curcumin has one peak at 0.3 V and another one
at 0.6 V (using CPE and DPV). In this paper has shown that the
interaction between dsDNA and Cu(II)–CC complex is a very strong
and the peak at 0.3 V significantly decreased, the peak at 0.6 V
increased, while the characteristic oxidation peak of DNA drasti-
cally decreased (Fig. 4). Curcumin is capable of binding to DNA
(Fig. 4b) and if copper ions are available, it may lead to DNA damage
[34,37–40].

Fig. 5 shows the changes in the peaks current of curcumin and

peak oxidation current for guanine in dsDNA with the addition of
different concentrations of Cu(II) after incubation of stock dsDNA
with Cu(II) and CC in 0.2 M acetate buffer, pH 5, for 5 min. The peak
current due to the oxidation of guanine gradually decreased with

Fig. 4. Differential pulse voltammogram of: (a) dsDNA (140 mg L−1) immobilized
on the CPE surface; (b) as in (a) + 5.00 × 10−6 M CC in solution after incubation for
5 min; (c) as in (a) + 2.00 × 10−5 M Cu(II) in solution after incubation for 5 min; (d)
as in (b) + 2.00 × 10−5 M Cu(II) in solution. Other conditions as described in Section
2.
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ig. 5. Differential pulse voltammogram of: (a) dsDNA (140 mg L−1) + 5.00 × 10−6 M
C in solution; (b) as in (a) + 5.00 × 10−6 M Cu(II); (c) as in (a) 1.00 × 10−5 M Cu(II);
d) as in (a) + 2.00 × 10−5 M Cu(II). The incubation time was 5 min. Other conditions
s described in Section 2.

ncreasing concentrations of Cu(II) and constant concentration of
urcumin.

. Conclusion

Curcumin, a naturally occurring phytochemical responsible for
he colour of turmeric shows a wide range of pharmacological prop-
rties including anti-oxidant, anti-inflammatory and anti-cancer
ffects. Continuing the investigation on the activity of the curcumin,
ere we report its application for the interaction with dsDNA in the
resence of Cu(II), using carbon paste electrode and hanging mer-
ury drop electrode. It is shown that differential pulse adsorptive
ransfer voltammetry can be used in order to study the effects of
hemical substance into the DNA structure. The proposed method
s sensitive, fast and low cost.

Curcumin in the presence of Cu(II) causes damage in DNA
hrough generation of reactive oxygen species, particularly the
ydroxyl radical [34]. The DNA damage is the consequence of bind-

ng of Cu(II) on the curcumin molecule. The interaction dsDNA with
C–Cu(II) complex is shown to be time dependent and the optimal
eaction time was investigated.

In addition, the present results suggest a new approach for the

etection of toxic and potentially toxic metals. Based on the results,
his work could be potentially useful for further investigation for
he interaction between curcumin and some toxic elements in rela-
ion to dsDNA, knowing the electrochemical behavior of curcumin
n the presence of Cu(II).
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