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bstract

In this work the interaction of DNA and the flavonoid–transition metal complex (Cu(II)–naringin complex) is characterized. The interaction
as evaluated by using electrochemical ssDNA- and dsDNA-based biosensors and the results were supported by UV, CD and 1H NMR data.

n the electrochemical method, changes in the oxidation peak of the guanine and adenine bases obtained by square wave voltammetry (SWV)

howed evidence of the interaction. The variations of the spectroscopic characteristics of DNA and Cu(II)–naringin complex in aqueous medium
emonstrated that the predominant interaction mode may be by intercalation. Cu(II)–naringin complex interacts to dsDNA probably via N(7) of
uanine site.

2007 Elsevier B.V. All rights reserved.
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. Introduction

DNA plays a key role in the synthesis of proteins (gene
xpression) as well as its own replication making it a potential
arget for drugs, especially for antiviral, antibiotic and anticancer
ction. Thus, favorable DNA interaction patterns based on the
tudy of small molecules that bind to nucleic acids is one of the
ost important parameters in the screening design for new drugs

nd development processes. The recognition of the DNA binders
nvolves a complex interplay of a variety of interactive forces.
t includes hydrogen bonding interactions, strong electrostatic
nteractions arising due to phosphates, mobile counter-ions,
ydration and Van der Waals interactions [1]. As a result, the
ormed DNA–drug complex leads to changes in the thermody-
amic stability and structural properties of DNA.

In this context, there is a constant interest to find and to

haracterize new substances that can exert some biological and
iochemical effects as anticancer or antibiotic drugs. The clin-
cal use of drugs is limited by some factors such as the limited

∗ Corresponding author. Tel.: +55 1935213127; fax: +55 1935213023.
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pectrum of their anticancer activity, development of resistance
fter continuous treatment and another very important aspect is
hat frequently these compounds are highly toxic to normal cells
2].

Recently, natural substances such as flavonoids, that show
iological activity in many mammalian cell systems in vitro and
n vivo, have been investigated as to their interaction with DNA.
ssociation studies reported with DNA involving flavonols such

s morin [3], quercitin [4], kaempferide and luteolin [5] revealed
hat the predominant interaction mode is intercalative. Some
orks obtained with resveratrol and genistein [6,7] have con-
rmed that their structural configuration, possessing a planar
romatic system, is suitable to insert between base-pairs in a
elix. Most flavonoids have a common phenyl–benzopyrone
keleton, which differ with respect to the hydroxyl and methoxy
roups (Fig. 1). Their nucleophilic structure in the chromophore
egion, which includes the B-ring, the 2,3 double bound and the
arbonylic region, justify their notable antioxidant activity due
o the free radical scavenging abilities and metal complexing

gents [8].

In contrast to the accepted protective role of the flavonoids,
iterature evidences the action of these compounds in muta-
enic process [9,10] and having DNA damaging ability [11,12].

mailto:kubota@iqm.unicamp.br
dx.doi.org/10.1016/j.jpba.2007.08.007
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Fig. 1. Basic structure of flavonoids.

thers work reveal that the strand scission of the DNA by
avonoids is increased in the presence of transition metal ions,
uch as copper(II) and iron(II) [13,14]. Previously, other stud-
es showed that the nuclease ability is more active when the
olyphenol is modified forming flavonoid–transition metal com-
lexes [8]. This behavior can be associated to the mode of
nteraction with DNA. The energy of the intercalating mode of
inding causes a structural perturbation and leads to cell cycle
rrest and DNA degradation. In fact, each flavonoid has a par-
icular structure, which possibly has different binding modes
nd each mode resulting in a characteristic distortion of the
NA, this in theory gives rise to a specific pharmacological

ffect.
In this direction, research to understand how flavonoid com-

ounds interact with biomarkers, like DNA are important to
btain information about their therapeutic potential, considering
hat these substances are present in plants in high concentrations
nd are identified as active principles in most of them. For this
urpose, the use of electrochemical and spectroscopic methods
pplied to a drug–DNA interaction system in vitro provide a
seful complement to other methods and in many cases yield
nformation about the interaction mechanism.

The class of affinity biosensor consisting of nucleic acid lay-
rs combined with electrochemical transducer has been found
uitable in the detection of genotoxic substances. It has also
hown a great potential in drug–biological target interaction
tudies, in special those related to the cancer chemotherapy
here DNA is the main marker [1,15]. Thus, DNA-based biosen-

or can be used as an efficient screening system to discover new
rugs.

Information about the mechanism of interaction between a
avonoid–transition metal complex, Cu(II)–naringin complex
nd DNA is the main aim of this work. An electrochemical
NA-based biosensor and UV, CD and 1H NMR spectroscopic
ethods were employed during the investigation.

. Experimental

.1. Reagents and solutions
Nucleotide 5′GMP, copper acetate, sodium acetate, sodium
hloride, naringin and chromatographic grade methanol were
urchased from Merck (Darmstadt, Germany). Lyophilized sin-
le (ssDNA D8899) and double (dsDNA D4522) stranded

a
a
r
m
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alf thymus DNA was supplied by Sigma (St. Louis, USA).
ll aqueous solutions were prepared using ultrapure water

ρ > 18 M� cm−1) from a Milli-Q system (Millipore, System).
NA stock solutions (nominally 1000 mg L−1) were prepared

n purified water, taking aliquots and storing in a freezer.
he screen-printed electrodes were obtained from Prof. Marco
ascini Laboratory (Florence, Italy).

.2. Synthesis of the Cu(II)–naringin complex

The synthesis of the complex consisted in the preparation
f an aqueous solution of copper acetate(II) [Cu(CH3COO)2]
.25 × 10−4 mol (0.0249 g) in 2 mL of distilled/purified water
nd dropped slowly in a methanol solution of naringin
.5 × 10−4 mol (0.146 g in 10 mL methanol). The mixture
as stirred for 30 min at room temperature. The precipitate
as filtered in a vacuum system, washed with water and
ried by liofilization. The resulting compound 0.0595 g of
u(II)–naringin complex was obtained (60% yield). %C (calc);
H (calc) for CuC29H46O21: 42.50 (42.98); 5.22 (5.68).
Melting point of naringin (171 ◦C) and Cu(II)–naringin

omplex (242 ◦C) were obtained in Quimus Melting Point
quipment.

.3. Spectroscopic characterization of the Cu(II)–naringin
omplex

The Cu(II)–naringin complex was characterized by FT-IR,
V–vis and 1H NMR spectroscopy and mass spectrometry tech-
iques.

Infrared measurements were recorded in KBr pellets in
000–400 cm−1 range using a FT-IR Nexus spectrophotome-
er. The UV–vis spectra were recorded in methanol solution in
00–200 nm range using a Varian Cary 50 spectrophotometer.

In the mass spectrometry characterization, the samples were
nalyzed by direct infusion electrospray ionization (ESI) by
eans of a syringe pump (Harvard Apparatus) at a flow rate of

0 �L min−1. Positive ion mode ESI-MS fingerprints and posi-
ive mode ESI-MS/MS for collision-induced dissociation (CID)
ere acquired using a hybrid high-resolution and high-accuracy

5 ppm) Micromass Q-TOF mass spectrometer (Micromass UK
td., Manchester, UK). Capillary and cone voltages were set

o 3000 V and 30 V, respectively, with a desolvation tempera-
ure of 100 ◦C. Samples were added to a solution containing
0% (v/v) chromatographic grade methanol (Tedia, Fairfield,
H, USA) and 30% (v/v) deionized water and 1 �L of formic

cid (Merck, Darmstadt, Germany) per millilitre. Fingerprint
ass spectra were acquired in the range between m/z 100

nd 2000 where no ions attributed to the solvents used were
bserved.

1H NMR spectra were recorded at room temperature with
Varian Gemini-2000 NMR spectrometer operating at fre-

uency of 300 MHz using 3-(trimethylsilyl)-propanesulfonic

cid sodium salt (D2O) (Merck, 99.8% D) or DMSO (Merck)
s solvent. All chemical shifts (δ) of protons were measured in
elation to the residual peak of the solvent and given in parts per
illion.
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.4. Measurements for characterization of the
NA–complex interaction

The interaction between DNA and Cu(II)–naringin complex
as characterized by UV–vis, CD and 1H NMR spectroscopy

echniques.
The UV absorption spectra recorded in acetate buffer

.25 mol L−1 (pH 5.0) were obtained in a UV–vis spectropho-
ometer from Pharmacia Biotech® Ultrospec 2000 connected to
PC (software Wavescan®) using a quartz curvette (10 mm path

ength).
Circular dichroism (CD) spectra were obtained in acetate

uffer 0.25 mol L−1 (pH 5.0) at room temperature by using a
ASCO J-180 spectropolarimeter (JASCO Co. Ltd., Hachioji,
apan) in a quartz cell (10 mm path length) using a computer for
pectral subtraction and noise reduction. Each CD spectrum was
ollected by taking the average of at least three accumulations
sing a scan speed of 50 nm min−1 and response time of 3 s with
nm intervals from 210 to 320 nm.

1H NMR measurements were carried out in the same
onditions and apparatus used for characterization of the
u(II)–naringin complex. The concentration of 5′GMP and
u(II)–naringin complex solutions were 5.1 × 10−5 mol L−1

nd 1.8 × 10−5 mol L−1, respectively.

.5. Electrochemical measurements and apparatus

.5.1. Biosensor preparation
The biosensor preparation procedure consisted in a clean

tep of the electrode before the DNA immobilization. The
lectrode surface was treated by applying a fixed poten-
ial of +1.6 V for 2 min, after applying +1.8 V for 3 min in
cetate buffer (0.25 mol L−1, pH 4.7 containing 10 mmol L−1

f sodium chloride), versus Ag pseudo-reference electrode.
he initial conditioning step improves the resolution of the
nalytical signal because the application of high potentials
n acidic medium increases the hydrophilic properties of the
lectrode surface through the introduction of oxygenated func-
ionalities [16]. The ssDNA and dsDNA were subsequently
mmobilized onto the activated electrode surface by adsorp-
ive accumulation involving the application of positive electrode
otential to achieve electrostatic binding of negatively charged
NA. Thus, the electrode was immersed in an acetate buffer

ontaining DNA from calf thymus and it was applied a
otential of +0.5 V versus Ag-pseudo-reference electrode, for
min.

Differences among screen-printed electrodes used as dispos-
ble were recorded by using the normalized (relative) signal
pDNAbound/IpDNAfree, for the same electrode and it is referred as
NA signal in the text. This was recorded in the following steps:

a) DNA-free signal (IpDNAfree) expressed as the DNA signal
ecorded in acetate buffer only; (b) DNA bound (IpDNAbound)
xpressed as the DNA signal recorded in acetate buffer after

nteraction with the complex. All signals were recorded after
pplying the electrochemical conditioning step of the electrode
urface followed by the DNA immobilization step as described
arlier.

o
p
6
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.5.2. Electrochemical measurements
Measurements were carried out at room temperature and

sing a screen-printed electrochemical cell based on a sil-
er pseudo-reference electrode, graphite working electrode and
raphite as auxiliary electrode. Each electrode was used as dis-
osable. A potentiostat Autolab® PGSTAT30 connected to a PC
software GPES 4.8) from Eco Chemie (The Netherlands) was
mployed in the electrochemical measurements. The interaction
etween DNA and Cu(II)–naringin complex in acetate buffer
as investigated by using square wave voltammetry (SWV). The

xperimental parameters were: potential range between +0.2
nd 1.5 V; frequency = 200 Hz; step potential = 15 mV; ampli-
ude = 40 mV. All measurements were carried out under stirred
olution. In the data treatment process, the original signals were
ecorded using the Autolab® software and applied Savitzky and
olay filter (level 2) with moving average baseline correction

peak width = 0.05).

. Results and discussion

.1. Characterization of the Cu(II)–naringin complex

The Cu(II)–naringin complex was characterized by FT-IR
nd UV–vis spectroscopy. Naringin shows a maximum absorp-
ion, in methanol solution, at 282 nm attributed to the A ring
ortion and a very weak band at 326 nm, attributed to the B ring
ortion. Upon binding with Cu(II), the maximum absorption
and shifted to 304 nm and the weak band shifted to 379 nm,
considerable shift in relation to uncomplexed flavonoid. This

hange in the maximum absorption suggested an interaction of
he Cu(II) ion with the condensed ring of the flavonone in the
ositions 4 and 5 [17,18].

The infrared spectra of free naringin in KBr pellets showed
ands at 1645 cm−1 (νCO) and 1298 cm−1 (νC–O–C). Upon bind-
ng to Cu(II), the complex exhibits bands at 1614 cm−1 (νCO)
nd 1274 cm−1 (νC–O–C), which indicates the coordination of
he copper to the condensed ring of naringin.

Complexation of Cu(II) to naringin was also verified by 1H
MR, but using DMSO-d6 as a solvent. The peak of the naringin

nd Cu(II)–naringin complex in the 1H NMR spectra are shown
n Table 1. The spectra of naringin is compared with the spectra
f the complex and significant differences between the spectra
shift of the signals of the H6; H8, H2′ ; H6′ H3′ ; H5′ , H2 and
3 are observed. The proton signals of the complex are shifted

o low frequency relative to the free flavonoid, due to coordi-
ation with copper ion, which decreases the electron density
f the flavonoid. The signal referent to H2 and H3A and H3B
n complex becomes broader when compared to free naringin.
his coordination could increase the planarity of the flavonoid,

herefore decreasing the mobility of the protons and as a result
roadening the signals.

In order to obtain more structural information of the
u(II)–naringin complex, mass spectrometry data were also

btained. The positive ion mode ESI-MS fingerprint of the com-
lex sample showed characteristic ions with nominal m/z 581,
03, 619, 641, 643, 673, 675, 705, 707, 796, 798, 889, 933,
183 and 1222. These ions were mass selected and submitted to
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Table 1
Partial data of 1H and 13C{1H} NMR for the naringin and Cu(II)–naringin
complex

Compound 1H NMR (δ, ppm)

Naringin 11.88 (s, OH); 9.51 (s, OH); 7.17 (d, H2′ , H6′ ,
J = 8.0 Hz); 6.64 (d, H3′ , H5′ , J = 8.0 Hz); 5.94
(d, H8, JH6/H8 = 7.0 Hz); 4.97 (d, H6,
JH6/H8 = 7.0 Hz), 5.13 (dd, H2, JH2–H3A = 4.5 Hz
and JH2–H3 = 3.0 Hz); 4.70 (dd, H3A,
JH3A–H3B = 12.0 Hz and JH2–H3A = 4.5 Hz); 4.8
(dd, H3B, JH3A–H3B = 12.0 Hz and
JH2–H3A = 3.0 Hz)

Cu(II)–naringin Complex 12.05 (s, 1H, 5-OH); 9.64 (s, 4′-OH); 7.02 (d,
H2′ , H6′ , J = 6.6 Hz); 6.52 (d, H3′ , H5′ ,
J = 7.0 Hz); 5.78 (H8, JH6/H8 = 5.5 Hz); 4,79
(Sbr); 5.13 (m, H2), 4.70 (dd br, H3A,
J = 12.0 Hz and J = 4.5 Hz); 4.8
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H3A–H3B H2–H3A

(dd br, H3B, JH3A–H3B = 12.0 Hz and
JH2–H3A = 3.0 Hz)

ollision-induced dissociation (CID) in order to elucidate their
tructures. The identified structures can be observed in Table 2.

These results suggest that naringin molecule interacts with
u(II) by losing a hydrogen and co-coordinating preferentially
ith two molecules of methanol per Cu(II) and having a counter-

ons (lost during ionization) observed as m/z 705 and 707.
uring the ionization, the methanol adducts are sometimes lost,
bserved as m/z 641, 643, 673 and 675. Adducts of naringin with
odium and potassium were also observed, as these elements
re commonly found in natural products as well as protonated
aringin, observed as m/z 603, 619 and 581, respectively. These
re probably present in small proportions but ionize well in the
ositive ion mode. Clusters containing two or more molecules
f naringin are also probably present in solution and can be
bserved as m/z 933, 1183 and 1222.

The elemental analysis shows experimental data, %C
2.50 and %H 5.22, what suggested a proportion of
:1 of Cu(II) ion/naringin. Therefore, in solid state as

Cu(naringin)]+[CH3COO]−·5H2O can be proposed. When dis-
olved in methanol, it coordinates with two molecules of solvent,
eading to square planar geometry with CH3COO− as counter-
on (Fig. 2b) [19].

able 2
ominal m/z of ions observed in the positive ion mode ESI-MS fingerprint of

he Cu/naringin sample and identified structures

ominal, m/z Identified structure

581 [Naringin + H]+

603 [Naringin + Na]+

619 [Naringin + K]+

641 [Naringin–H + 63Cu]+

643 [Naringin–H+ + 65Cu]+

673 [Naringin–H + 63Cu + CH3OH]+

675 [Naringin–H + 65Cu + CH3OH]+

705 [Naringin–H + 63Cu + 2CH3OH]+

707 [Naringin–H + 65Cu + 2CH3OH]+

933 Doubly charged: [3 Naringin–2H + 2 63Cu]2+

183 [2 Naringin + Na]+

222 Doubly charged: [4 Naringin–2H + 63Cu + Na + K]2+
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According to the FT-IR, UV–vis and the mass spectrometry
nalysis, the proposed structure of the complex can be observed
n Fig. 2b.

In the solution, a square planar configuration was proposed,
ontaining one copper ion coordinating with naringin proba-
ly through the carbonyl group in position 4 and by oxygen
f hydroxyl group in position 5 and two methanol molecules
Fig. 2b).

.2. Electrochemical characterization of the interaction

In the characterization of the interaction, some preliminary
bservation were important such as: the Cu(II)–naringin com-
lex interaction with DNA, the free naringin compound not
inding with the macromolecule. It was also observed the
u(II)–naringin complex showed no electrochemistry activity
hen tested using a KCl 0.1 mol L−1 solution as electrolyte in

he studied potential range.
Thus, the study was carried out considering the system

nvolved basically three important steps: (I) DNA-based biosen-
or preparation; (II) interaction of the complex with the
iosensor and (III) evaluation of the event that occurred at elec-
rode surface.

The DNA-based biosensor preparation procedure (step of
retreatment of the electrode surface and DNA immobiliza-
ion) as well as the general assay conditions (buffer composition,
onic strength, pH, electrochemical method and parameters of

easurements) was reported in a previous work [20].
Thus, the interaction study was accompanied by changes

n the electrochemical signals of the DNA bases, in special,
he guanine peak. Guanine (G) is one of the two main purine
ases present in nucleic acids, with the smallest (among the
ther bases) value of redox potential [21]. Oxidation of guanine
oieties at carbon electrodes has been explored as a detection
ethod in event of interaction of several compounds with DNA

22].
Fig. 3 shows the square wave voltammetric scans of the DNA

iosensor before and after the interaction with Cu(II)–naringin
omplex. The redox behavior of native DNA exhibits two oxi-
ation processes of guanine around 1 V (versus Ag-SPE) and
denine around 1.2 V (versus Ag-SPE) as seen in Fig. 3a. As
eported by Popovich et al. [23] the rates of electron transfer
etween guanine or adenine and carbon electrode surface is slow
nd consequently the current obtained from direct oxidation of
ase residues is small. The contact with the complex solution
ffects electrochemical parameters of both nucleobases signal
n a different way as can be verified in Fig. 3b. It was observed
o increase in the peak current of the guanine (around 44%)
ith a shift of the peak potential toward more positive value (by
0 mV) than those observed for the original DNA signal. An
pposite effect is observed with adenine, its signal was lower in
omparison to the original DNA signal (around 34%) with a pos-
tive shift (by 20 mV) in the peak potential. These changes show

hat interaction between Cu(II)–naringin complex and DNA take
lace.

The reproducibility of the measurements was verified and
ach experiment was repeated at least three times on different
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Fig. 2. (a) Structure of naringin and (b) pro

lectrodes. The results were reproducible, leading to relative
tandard deviation (R.S.D.) of less than 10%.

In order to obtain more information about the interaction
vent, the complex was tested with a biosensor based on immo-
ilized ssDNA and the results were compared with biosensor
ased on dsDNA and are shown in Fig. 4. The behavior of ssDNA
iosensor was the same in both concentrations of tested com-
lex. The signal corresponding to bases in the ssDNA biosensor
as not significantly affected by the presence of the complex as

ndicated by the guanine response that remained almost constant,
hile the adenine response had a small decrease. The dsDNA
iosensor signal had a great variation as a result of the contact
ith the complex. The observed increase in the peak current
esponse of the bases indicates that the interaction can occur by
ntercalation. In fact, as reported, flavonoids are well known to
e intercalators into the double stranded DNA [24–26]. Thus,
he increase in the bases signal, in special the guanine signal,

ig. 3. SWV curves of the dsDNA-based biosensor obtained in 0.25 mol L−1

cetate buffer (pH 5.0) with 10 mmol L−1 KCl in the absence (a) (—)
nd presence (b) (· · ·) of the Cu(II)–naringin complex solution 10 mg L−1.
WV parameters: potential range = +0.2–1.5 V; frequency = 200 Hz; step poten-

ial = 15 mV; amplitude potential = 40 mV. Immersion time of the electrode in
he complex solution = 30 s. dsDNA solution concentration used at the immobi-
ization = 30 mg L−1.
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structure for the Cu(II)–naringin complex.

ue to dsDNA interaction with Cu(II)–naringin complex lead-
ng to the changes in the surface accessibility of the bases to the
lectrochemical oxidation process, means that the insertion of
he complex into structure of DNA promotes a certain degree
f opening of the double helix. It can be followed by disruption
f the some hydrogen bonds between Watson–Crick base-pairs
nd as a result, discharging other groups in the guanine moiety
o oxidize on electrode surface and consequently generating an
ncrease in the signal.

The interaction of free naringin with DNA was not observed,
owever the presence of Cu(II) ion, in the complex, capable of
nteracting with nitrogen bases, is responsible for the interaction
f the complex.

The binding of the Cu(II)–naringin complex to dsDNA is

ependent on the incubation time. The effect of the accumulation
ime of the complex on the DNA biosensor surface was verified
s shown in Fig. 5, having great influence on the guanine peak
hat increased with the accumulation time, whereas the adenine

ig. 4. Relative signals for ssDNA and dsDNA immobilized on SPE electrode
urface obtained in acetate buffer solution 0.25 mol L−1 (pH 5.0) after the inter-
ction with the Cu(II)–naringin complex solution. ssDNA solution and dsDNA
olution concentration used at the immobilization = 30 mg L−1. Other conditions
s in Fig. 3.
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Fig. 5. Effect of the incubation time of the Cu(II)–naringin complex solution on
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CD spectra is observed proportional to the increase in the con-
centration of the complex in the dsDNA solution. These results
suggest that during the binding of the complex with DNA a slight
he signal of the DNA-based biosensor related to the bases signal, (�) guanine
nd (�) adenine. Complex solution concentration = 90 mg L−1. Other conditions
s in Fig. 3.

eak showed no modification. This phenomenon demonstrates
hat a large contact time of the Cu(II)–naringin complex with
he DNA bases probably provokes damage to guanine. These
re preliminary observations and a more extensive study would
e necessary in order to assert that the complex acts as cleavage
gent.

.3. Spectroscopic characterization of the interaction

.3.1. UV spectrocopy
Electronic absorption spectroscopy is very suitable to inter-

ction studies related to DNA. In this sense, in Fig. 6 the
V–vis spectra of the Cu(II)–naringin complex and dsDNA

n acetate buffer in the range 190–450 nm are presented. The
olution of dsDNA exhibits a typical main absorption band at
60 nm, while flavonoid modified with Cu(II) in buffer solu-
ion shows a small and large band at 350 nm. The very small
bsorption of Cu(II)–naringin complex might be explained by
ts very low solubility in aqueous solvent. The spectrum of the

ixed solution exhibits only a maximum absorption band com-
on to dsDNA close to its absorption region (around 260 nm).
his can be justified considering that the intermolecular bonds

ormed between DNA and complex resulted in a decrease in
he bond order and led the low energy electronic transition
27]. This result is a typical characteristic of intercalation mode
26,28] involving a strong stacking interaction between the aro-
atic chromophore region of the complex and the base-pairs of
NA.

.3.2. CD spectroscopy

The type of interaction is also confirmed by circular dichro-

sm experiments as shown in Fig. 7: the spectra of DNA in the
bsence (Fig. 7a) and the presence of Cu(II)–naringin complex
Fig. 7b and c) A positive peak near 275 nm and a negative peaks

F
p
C

ig. 6. UV spectra obtained in 0.25 mol L−1 (pH 5.0) acetate buffer solution
or (a) 25 mg L−1 dsDNA solution, (b) 2.5 mg L−1 Cu(II)–naringin complex
olution and (c) mixture of dsDNA and Cu(II)–naringin complex solutions.

round 246 nm can be visualized. The negative spectrum corre-
ponds to the helical structure of DNA (helicity) and the positive
pectrum corresponds to stacking of the base-pair that is charac-
eristic of DNA in the right-handed B form [29,30]. The presence
f the Cu(II)–naringin complex does not affect in a significant
ay the profile of the CD spectrum of DNA. A decrease in the

bsorption intensity of both positive and negative bands in the
ig. 7. CD spectra of dsDNA solution 200 mg L−1 (pH 5.0). (a) absence, (b)
resence of 20 mg L−1 Cu(II)–naringin complex and (c) presence of 50 mg L−1

u(II)–naringin complex.
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Fig. 8. 1H NMR spectra at 25 ◦C: (a) 5′GMP in D2O, (b) Cu(II)–naringin com-
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9 (1994) 193–197.
lex in DMSO and (c) mixture of the 5′GMP and Cu(II)–naringin complex in

2O. The concentration of 5′GMP and Cu(II)–naringin complex solutions were
.1 × 10−5 mol L−1 and 1.8 × 10−5 mol L−1, respectively.

hange in its secondary structure occurs. In this present con-
itions of pH and DNA/Complex ratio for CD measurements,
s possible to describe the interaction by two binding modes:
he complex binds directly to DNA by base-pair type a partial
ntercalative interaction, which is observed by reduction in the
ntensity of positive band and also the interaction can take place
y random surface binding inducing some partial change in the
NA conformation observed by alteration in the intensity of the
egative band [31]. Probably in solution, the metal ion of the
omplex can interact with negatively charged phosphate groups
n the surrounding DNA. Furthermore, the interaction of the
omplex with DNA via hydrogen bonds may help stabilize the
nteraction.

.3.3. 1H NMR spectroscopy
Using the 1H NMR spectroscopy and evaluating the changes

n the chemical shifts of the protons is possible to obtain specific
nformation about the interaction sites. As reported, intercala-
or compounds are investigated and related to their biological
ctivity involving coordination to DNA preferentially by base
esidues in single or double-stranded DNA usually with adduct
ormation [32]. Binding sites are N7 of guanine, N7 and N1 of
denine and N3 of cytosine [33]. In our case, the interaction was
valuated by decrease of the protons signal of the guanine and
he appearance of these signals corresponding to guanine bound
o Cu(II)–naringin complex.

The reaction of 5′GMP and the Cu(II)–naringin complex was
onitored by 1H NMR spectroscopy as displayed in Fig. 8. In
ig. 8a the signal of H8 of 5′GMP at δ 8.18 was observed, when

he complex was mixed with 5′GMP a new signal of H8 went

ownfield (δ7.63), proving the interaction via N7 of 5′GMP [34].
fter 24 h a new 1H NMR spectrum was obtained and no change
as observed in the proton signal indicating that interaction is

table (data not shown).

[

[

d Biomedical Analysis 45 (2007) 706–713

As shown in the 1H NMR spectra, the downfield displacement
f the H(8) proton of 5′GMP, indicated that the coordination site
f Cu(II)–naringin complex to DNA occurred via N(7) of gua-
ine (Fig. 8c). The NMR information confirms the proposition
hat the Cu(II)–naringin complex acts as an intercalator, binding
o DNA preferentially by guanine residues instead of the DNA
hosphate groups.

. Conclusions

The results of this work demonstrated the interaction of the
u(II)–naringin complex with DNA by electrochemical and

pectroscopic methods. The binding of Cu(II)–naringin com-
lex to DNA resulted in changes in the electrochemical behavior
f the purine bases, which suggested that the interaction takes
lace. The changes in the spectroscopic characteristics of DNA
nd Cu(II)–naringin complex in aqueous medium, measured by
V and circular dicroism, indicated that the predominant inter-

ction mode may be by intercalation. The information from
H NMR spectra corroborated to the nature of the interac-
ion demonstrating that the coordination of the Cu(II)–naringin
omplex to dsDNA probably occurs via N(7) of the guanine.
owever, the presence of hydroxide groups in the flavonoid por-

ion could provide interaction with DNA via hydrogen bonds,
tabilizing the interaction between the complex and DNA. The
lectrostatic interaction with phosphate groups cannot be dis-
arded either.
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