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Studies on the Interaction between Rutin and DNA in the
Absence and Presence of B-Cyclodextrin by Electro-
chemical and Spectroscopic Methods
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The interactions between rutin or the inclusion complex of rutin-3-cyclodextrin and DNA were investigated by
means of cyclic voltammetry, UV-vis absorption spectroscopy and fluorescence emission spectroscopy. The appar-
ent binding constant of rutin with DNA is found to be 2.9%X10* L/mol. The results showed that the ben-
zopyranic-4-one plane of rutin mainly intercalated into DNA in the absence of -cyclodextrin, while the catecholic
portion of rutin was located in the double helix of DNA in the presence of [3-cyclodextrin.
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Introduction

The interaction between various molecules and DNA
is an important fundamental issue in life science that is
related to the replication and transcription of DNA in
vivo, mutation of genes and related variations of species
in character, action mechanisms of some DNA-targeted
drugs, origins of some disease, and action mechanisms
of some synthetic chemical nucleases and so on. Nu-
merous methods, including UV-vis spectroscopy,™?
fluorescence spectroscopy,” Raman spectroscopy” and
X-ray," have been used to study these interactions.

Electrochemical methods have also been used to
study the interactions of other molecules with DNA in
solution. Some metal chelates, such as Co(l11),>° Ru(l1)’
and Os(11),® with 1,10-phenanthroline and 2,2"-bipy-
ridyl bound to DNA have been studied by cyclic volt-
ammetry, differential pulse voltammetry, chronocou-
lometry, and electrogenerated chemiluminescence. Re-
cently, surface electrochemical methods, nhamely the use
of DNA-modified electrodes, have been used for
investigating the interaction between other molecules
and DNA..° Electrochemical investigation of the interac-
tions of nucleic-acid-binding molecules and DNA**
can provide a useful complement to the previously used
methods, such as spectroscopic methods.

Rutin is one of the bioactive flavonoid compounds,
which are present in substantial amounts in plants.
Some related investigations showed that rutin has a
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broad range of physiological activities. Bao™ et al.
pointed out that an electrochemical inactive supro-
molecular complex of rutin-DNA was formed by cyclic
voltammetry. Solimani®® indirectly suggested that
probably only the benzopyranic-4-one portion of rutin,
as well as quercetin, could be located into the biopoly-
mer, whereas the coplanar catecholic portion would
more likely be oriented towards the external agueous
medium by linear dichroism technique. As well known,
[B-cyclodextrin (3-CD) can provide a hydrophaobic cav-
ity in agueous solution for the hydrophobic molecules or
groups to form inclusion complexes. The 1 . 1inclusion
complex of rutin with 8-CD (denoted as rutin-3-CD)
was studied by thin-layer chromatography,™* reversed-
phase liquid chromatography™® and fluorimetry.*>¢

Recently, the interaction modes between small
molecules and DNA are investigated using cyclic volt-
ammetry and spectroscopic methods by means of
cyclodextrin.*”*® In order to reveal the interaction site
between rutin and DNA, the interaction mechanism of
rutin and the inclusion complex rutin-3-CD with DNA
has been respectively investigated by cyclic voltammet-
ric and spectroscopic methods. The experimental results
showed that either the benzopyranic-4-one plane or co-
planar catecholic portion could be localized in the dou-
ble helix of DNA, which depends upon the existence of
foreign molecules or not.
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Experimental

Chemical reagents

Double-stranded calf thymus DNA (dsDNA) was
purchased from Sino-American Biotechnica Company.
The purity of DNA was determined from optical meas-
urement (Azso/Azso=>1.8, where A represents absorb-
ance). dsDNA was dissolved in 0.025 mol/L phosphate
buffer solution (pH=7.0) prior to use. The concentra-
tion of DNA (2.8 10 mol/L in nucleotide phosphate,
NP) was determined using the molar extinction coeffi-
cient of 6600 L/(mol+cm) at 260 nm. B-Cyclodextrin
(B-CD, 95%, Shuzhou Gourment Factory, China) was
purified by twice recrystallization in doubly distilled
water. The stock solution of B-CD (1.0X10 2 mol/L)
was prepared with doubly distilled water. Rutin was
obtained from Aldrich (Milwaukee, WI, USA). Rutin
(1.0X 10 *mol/L) was prepared with alcohol. All solu-
tionswerestoredat 4 C.

Apparatus

Cyclic voltammetric measurements were performed
with CHI660A Electrochemical Workstation (CHI In-
struments Inc., USA). A glassy carbon electrode with a
diameter of 4 mm was used as a working electrode, the
reference electrode was a saturated calomel electrode
(SCE) and the counter one was a platinum wire elec-
trode. Absorption measurements were performed on a
UV-2501PC UV-vis Recording Spectrophotometer
(Shimadzu Corporation, Japan) with dlit width of 1 nm.
Fluorescence emission spectral measurements were
performed on an RF-5301 Spectrofluorophotometer
(Shimadzu Corporation, Japan). The spectra were re-
corded in the wavelength range of 480—600 nm by an
exciting wave at 447 nm using a slit width of 10 nm.
Experiments were conducted at (25.0x£0.5) ‘C. All
reported potential values were against the SCE.

Preparation of dSDNA modified electrode

The surface of glassy carbon electrode (GCE) was
polished by 0.15 pum aluminum suspension to a mirror
finish. The electrode was then washed with 1 © 1 HNOg,
acetone and doubly distilled water, respectively, with
ultrasonic bath. The freshly-pretreated GCE was modi-
fied by transferring 2 pL of dsDNA onto its surface by
air-drying. Thus dsDNA-coated GCE was obtained,
denoted as dsDNA/GCE.

Results and discussion

Interactions of rutin and rutin-B-CD with DNA by
cyclic voltammetry

Electrochemical method is widely used to study the
interaction between DNA and small molecules. Based
on the shift of formal potentials in the cyclic voltammo-
grams, the interaction mode of foreign molecules with
DNA can be inferred. When foreign molecules bind into
dsDNA by imtercalation, the formal potential shifts to-
wards more positive direction; while the electrostatic
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interaction, in which the foreign molecules attract elec-
trostatically to the negative charged deoxyribose-
phosphate backbone of DNA, makes the potential shift
to amore negative direction.

Figure 1 showed the cyclic voltammograms of rutin
at bare GCE (curve A) and dsDNA/GCE (curve B). It
can be seen that, at the bare glassy carbon electrode, a
couple of redox peaks for rutin appeared with a formal
potentia  E_, of 0.211 V, and the difference between
cathodic and anodic peak potential (A Ey) is49 mV. The
peak current is proportional to the square root of scan
rates, as expected for a process controlled by diffusion
and rate-determining. At the dsDNA/GCE, the formal
potential E is0.218 V and theA E, is 50 mV. The
peak current is directly proportional to scan rates, which
is characteristic of a surface process. According to the
shift of formal potential in the more positive direction, it
can be induced that rutin can interact intercalatively
with DNA >H

—_—
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Figure 1 Cyclic voltammograms of 1.0X 10 * mol/L rutin in
0.025 mol/L phosphate buffer solution (pH=7.0). (A) Bare GCE;
(B) dsDNA/GCE. Scan rate: 100 mV/s.

The shift of the formal potentia can be also used to
estimate the ratio of equilibrium constants for the bind-
ing of the reduced and oxidized forms to DNA. The
general process can be described by following
scheme®

o
sol . L. 3
Rutin r¢q_go1 (rutinin solution)

Ruting, ¢ + 2€

Kox Kred

Rutings surt  + 2e Rutin reg_surf (rutin bound to electrode surface)

In such acase, one can obtain following formula®**

RT Kox
2F Kred

AE®'=E,, —E, = (1)
where E, and E_, represent the formal potential of
redox species immobilized on the electrode surface and
in solution, respectively; Ky and Kiq are the sur-
face-binding constants for the oxidized and reduced
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forms of the redox species, respectively. Experimental
results showed that a ratio of Ke/Kox Was 1.7. This re-
sult indicated that the reduced form interacted with
dsDNA on the dsDNA/GCE stronger than that of the
oxidized form. Obviousdly, it is the evidence of interca-
|ative interactions.”

In comparison with the currents of rutin at the bare
GCE and dsDNA/GCE, the latter is smaller than the
former. It maybe resulted from two reasons. Firstly, the
active sites decreased due to the coverage of dsDNA on
the electrode surface. Secondly, rutin might intercalate
into DNA double helix, which resulted in the decrease
of its electrochemical activity.

The cyclic voltammograms of rutin in the absence
and presence of 3-CD were shown in Figure 2 (curve A
and B). At the GCE, there were a couple of redox peaks
in the range of 0.60——0.10 V. We had ever investi-
gated the interaction of methylene blue (MB) with DNA
by means of B-CD using cyclic voltammetry.”” The
formal potential (E”) of MB-B-CD shifted to more
positive by 21 mV compared to that of MB, which
meant that the planar tricyclic part of MB molecule en-
tered the hydrophobic cavity of -CD. As for electro-
chemical characteristics of rutin in this experiment, the
oxidation of catecholic portion (C-ring) of rutin (shown
in Scheme 1) occurred with two electrons and two pro-
tons.® The formal potential (E“") of rutin-g-CD hardly
changed in comparison with that of rutin aone. It mani-
fested that the existence of 3-CD did not affect the elec-
trochemical behavior of rutin. It isinferred that the cate-
cholic portion of rutin might be out of the cavity of
[B-CD, whereas the planar benzopyranic-4-one part
might be included in the cavity of 3-CD, which can be
depicted asfollows:

OH OH OH
OH
OH CH3
o O o) OH
(D) °
AN O
OH
OH

When DNA was added into the rutin-3-CD solution,
its formal potential shifted to more positive direction by
6 mV (Figure 2C), and it probably occurred that the
catecholic portion of rutin-3-CD complex may interact
intercalatively with DNA. That is, the catecholic portion
of rutin could intercalate into the double helix of DNA.
In order to demonstrate the above assumption, the spec-
troscopic experiments were carried out as below.

Interaction between rutin or rutin-B-CD and DNA
by UV-vis absorption spectroscopy and fluorescence
emission spectroscopy

The UV-vis absorption spectroscopy is one of the
most useful techniques for the study of DNA-binding.
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Figure 2 Cyclic voltammograms of rutin (1.0X10 °mol/L) in
the 0.025 mol/L phosphate buffer solution (pH=7.0). (A) Rutin
only (solid line); (B) A+1.0X10™* mol/L B-CD (dash line); (C)
B+3.1X10 ®mol/L DNA (dot line).

Scheme 1 Chemical structure of rutin. Dotted frame represents
the cinnamoy! part of the molecule.

As shown in figures, there were two absorption bands of
rutin with the maximum wavelength of 352.6 (band I)
and 252.6 nm (band Il) respectively. With the increase
of DNA concentration, a bathochromic shift and hy-
pochromism of band | were obviously observed, and it
is like the phenomenon yielded by the interaction be-
tween DNA and its typical intercalator.”! Based on the
variations of absorbance at the band I, the binding con-
stant, K, of rutin-DNA complex can be obtained ac-
cording to the following equation: *°

Ab — & + & 1 (2)
A=A &, & Ey_c— & KIDNA]

where Aqg and A are the absorbance of the free guest and
the apparent one, &; and &4—¢ are their absorption coef-
ficients, respectively. The result by fitting the experi-
mental data with Eq. (2) was shown in inset of Figure 3.
It suggested that the complex of rutin with DNA (per
nucleotide phosphate) is to be akind of 1 . 1 complex.
From the plot of Ay/(A—Ao) to L[DNA], the ratio of the
intercept to the slope gives the binding constant, K=
2.9%10" L/mol.

In order to clarify the portion of rutin interacting
with DNA, the inclusion complex of rutin-3-CD was
used to further study the interaction site by spectro-
scopic method. The UV-vis spectra of rutin were re-
corded in the absence and presence of 3-CD (shown in
Figure 4). Comparing curve 1 to 2, the shift of band |
towards longer wavelengths for 4 nm was observed, and
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Figure3 Effect of DNA on rutin UV-vis spectrain 0.025 mol/L
phosphate buffer solution (pH=7.0). [rutin] =5.0%< 10 ° mol/L.
Curves 1—6: DNA concentrations are 0.00, 6.2 , 12.4, 24.8, 31.0
and 62.0 pumol/L, respectively. Inset: The plot of Ay/(A—Ag) ve-
sus 1/[DNA].
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Figure 4 Absorption spectra of rutin (5.0X 10 °mol/L) in the
absence (curve 1) and presence (curve 2) of B-CD (2.0X1073
mol/L) in 0.025 mol/L phosphate buffer solution (pH=7.0).

the absorbance hardly changed. It revealed that the in-
clusion complex of rutin with 3-CD was formed. Due to
more hydrophobic with a regulation planarity of ben-
zopyranic-4-one plane than that of the cinnamoyl sys
tem,” benzopyranic-4-one plane is easier to interact
with 3-CD, and the inclusion complex is formed. In the
UV-vis spectrum of rutin, the band | was supposed to be
associated with the absorption of the cinnamoyl system
(shown in dotted frame of Scheme 1).% Because of the
B-ring localizing in the cavity of 3-CD, it also affected
the absorption of the cinnamoyl system. So the band |
shifts to longer wavelength in the presence of 3-CD.
Likewise, based on the shift to longer wavelength at
band | in Figure 3 in the presence of DNA, the ben-
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zopyranic-4-one of rutin was apt to intercalate into the
double helix of DNA."

As shown at the curves aand c in Figure 5, the fluo-
rescence intensities of rutin increase obviously with the
increase of 3-CD concentration (curves a and c). It re-
sulted from that the cavity of 3-CD offers a protective
microenvironment shielding the excited single species
from quenching and nonradiative decay process occur-
ring in solution. This fact further manifested that the
inclusion complex of rutin with 3-CD was formed. At
the same time, the association constant K of rutin with
[B-CD was determined to be 580 using steady state fluo-
rescence method.*® When DNA was added to rutin solu-
tion, the fluorescence intensities increased markedly
(Figure 5, curve b). It resulted from the increase of
fluorescence quantum yield when rutin intercalated into
the hydrophobic environment of the inner DNA-bases.
When DNA was in the rutin solution containing 1.0
10 3mol/L B-CD (Figure 5, curve d), the fluorescence
intensity still markedly increased. Comparing curve b
and d, it was inferred that the inclusion complex of ru-
tin-3-CD is not decomposed by DNA but combines with
DNA. It reveded that the ternary complex was formed.

140 1 a:[A-CD] = 0.00 mol/L,

,."’d\'\ [DNA] = 0.00 mol/L
120 - iy b: [-CD] = 0.00 mol/L,
FEREAY [DNA] = 0.28 mol/L.
7 .~'.,'5\ A% ¢ [#-CD]=1.00 mol/L,
2 1004 A 2N [DNA] = 0.00 mol/L
% N Y ¢ [ACDI= 100 mol/L,
£ 30 R [DNA]=0.28 mol/L
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Figure 5 Fluorescence emission spectra of 1.0X10™* mol/L
rutin in the absence and presence of 3-CD and DNA (pH=7.0).

When DNA was in the rutin and 3-CD-rutin solutions
respectively, an appearance of a fluorescence band in
the region 480—600 nm with a maximum emission at
530 nm was observed, and the fluorescence intensity
increased with the increase of DNA concentration in
rutin and rutin-3-CD solutions (shown in Figure 6). It
revealed that the interactive model between rutin-3-CD
and DNA is the same as that between rutin and DNA. It
showed that the catecholic portion of rutin-B-CD is lo-
cated in the double helix of DNA. The results are in
good agreement with those obtained by electrochemical
method.

According to the experimental results, a conclusion
is drawn that the interaction sites of small molecules
with DNA can be adjusted by the formation of a 3-CD
host-guest compound.
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Figure 6 Plots showing fluorescence intensity at 530 nm vs.
[DNA]/[rutin] (A) and [DNA]/[rutin-B-CD] (B). (A): [rutin] =1.0
%10 *mol/L; (B): A+5.0X10 *moal/L B-CD and DNA (pH=

7.0).
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