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Interaction of naturally occurring bioactive flavonoids 5,6,7-trihydroxyflavone (Baicalein) and 7,8-dihydroxyflavone (DHF) binding with
calf thymus deoxyribose nucleic acid (dsSDNA) was studied by employing UV absorption, fluorescence, circular dichroism, cyclic
voltammetric and molecular modeling techniques. All studies were confirmed that the structural changes of DNA binding to the flavonoid.
From the CV results positive shift in peak potential and increased peak current of the flavonoid in the presence of DNA and then the
fluorescence quenching of DNA-flavonoids system indicated the intercalative mode of binding between flavonoid and DNA. CD studies
suggest the conformational changes in DNA upon interaction with the flavonoids. Molecular docking simulation methods are used as tools
to delineate the binding mode and probable location of the flavonoids and their effects on the stability and conformation of Ct-(ds) DNA.
Furthermore, Baicalein can bind with more potential with Ct-(ds) DNA than DHF. This is helpful to understand the molecular aspects of
binding mode and provides direction for the use and the design of new effective therapeutic agents. These results could provide useful

information for insight into the pharmacological mechanism of flavonoids.
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INTRODUCTION

Flavonoids are polyphenolic compounds and due to their
tremendous biological importance and broader range of
pharmacological activities including antioxidant, anticancer,
antitubercular, antibacterial, antiallergic, antimicrobial, anti-
inflammatory,  antiviral,  antitumor,  antimutagenic,
antidiabetic, hepatoprotective and cardiovascular activities,
flavonoids gained much attention and become a topic of
interest for researchers in the last decades.*® Over 5000
flavonoids have been isolated from plants, most of which
are divided into subclasses, including anthocyanidins,
flavanones, flavonols, flavones, and isoflavones. Among
them, flavones are less common than flavonols, including
the well-known flavones 5,6,7- trihydroxyflavone and 7, 8-
dihydroxyflavone. 7,8-DHF (Figure 1A) flavone is isolated
from Wagatea spicata, then baicalein (Figure 1B) flavone is
originally isolated from Oroxylum indicum,® a Chinese
medicinal plant with various biological properties.
Flavonoids are everywhere in plants. They are rich in seeds,
citrus fruits, olive oil, tea, and vegetables.*®

Over the last few decades structure of DNA and its
interaction with different bioactive molecular moieties have
gained a great interest in the field of organic synthesis and
pharmacology. DNA is a nucleic acid that contains all the
information necessary for specifying the biological
development of all living bodies. It is a molecule that
controls hereditary information transferred to the offspring.
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During reproduction, DNA is replicated and transmitted to
the new trait. In this process, the sequence of DNA base
pairs defines the characters of individuals ranging from
physical traits to disease susceptibility. It is necessary to
understand at molecular level gene expression and their
mechanism of transfer to offspring.)*** This could be
helpful to understand the transfer of many diseases. It is also
a key step towards the development of new
chemotherapeutic strategies.  The interaction of many
naturally occurring compounds with DNA adducts is an
active area of research in chemistry and biology which leads
to the understanding of drug—DNA interaction and the
consequent design of new efficient drugs targeted to DNA.
14 Due to the central role of DNA in replication and
transcription, DNA has been a major role for the antibiotic,
anticancer and antiviral, anti-inflammatory drugs.

Interaction of small molecules and DNA are mainly of
two types. One is covalent interactions and another one is
non-covalent interactions. Three major modes of non-
covalent interactions are electrostatic interactions, groove
binding, and intercalative binding. A small molecule can
interact with DNA involving a single mode of binding or
mixed binding modes. It is worth noting that the property of
mixed binding mode can be linked to their mechanism of
action and therapeutic efficiency.*>* Intercalation and
minor-groove binding are the predominant DNA-binding
modes of small ligands'’ while electrostatic interactions
between the cationic species and negatively charged DNA
phosphate backbone usually occur along the exterior of the
helix. DNA is an antiparallel double helix held together by
hydrogen bonding interactions between DNA base pairs.

The drugs could interact with DNA in different ways.*
The drugs could interact at DNA base pairs by the
breakdown of hydrogen bonding (intercalators) while some
moieties could interact at groove sites (groove binders). The
first evidence of interaction was published in 1961 when
Lerman demonstrated that acridine dye could intercalate

DOI: 10.17628/ech.2018.7.10-19 10



Interaction of flavonoids with calf thymus DNA

between DNA base pairs. It was concluded after this
research that only molecules with flat, an aromatic structure
can intercalate with DNA and are considered to be good
anticancer drugs.’® There are certain cases where the
cytotoxicity is parallel to anticancer activity. A number of
compounds like vitamins, hormones, vitamin antagonists,
antidepressants, and antihistamines are also good
intercalators.?%22 The non-planer structures mostly interact
with DNA through groove bindings, which do not disturb
the base pairs but just interact through outside bindings.
Generally, those drugs are considered to be best anticancer
which are organometallic in nature.?® These drugs are
intercalators as well. In this paper DNA interaction of two
compounds with DNA is reported.?*? The interaction is
carried out with Calf Thymus DNA and studied via
spectroscopic  and  cyclic  voltammetric  analysis.?
Furthermore, molecular modeling methods can be applied to
study of interaction drugs and biomacromolecules for saving
time and money, especially since the reactivity of newly
designed drugs with their targeted biomolecules can be
predicted prior to chemical synthesis.?’

The present investigation attempts to understand the
mechanism of binding of two flavonoids with DNA by
employing spectroscopic, electrochemical and molecular
modeling techniques. For this, UV-vis spectroscopy,
fluorescent spectrometry, voltammetry, circular dichroism
and molecular modeling (using Autodock 4.2%) are
employed, and the results could provide useful
pharmacological and toxicity information and insight into
the redox reactions of these molecules in the living body.

EXPERIMENTAL

Materials

Calf thymus-(ds) DNA was purchased from Sisco
Research Laboratories Private Limited (SRL), India and
used without any purification. 5,6,7-Trihydroxyflavone
(Baicalein) was extracted from Oroxylum indicum, 7,8-
dihydroxyflavone (DHF) was extracted from Wagatea
Spicata. Stock solutions of DNA and flavonoids were
prepared by dissolving the appropriate amounts of DNA
with flavonoids in Tris-HCI buffer pH 7.4 and double
distilled water containing 10 % DMSO, respectively. Both
DNA and flavonoid solutions were stored at 4 °C.

The concentration of DNA was determined
spectrophotometrically using the extinction coefficient value
of 6600 L mol™ cm™ at 260 nm. The solution of DNA was
found to be free from protein as evident from its absorbance
ratio value in the range of 1.7.2° All measurements were
carried out at the physiological pH of 7.4 by using the Tris-
HCI buffer.

UV-VIS absorption studies

All absorption spectra were recorded by using Agilent
diode array spectrometer (Agilent 8453) at room
temperature (25 °C). UV absorption spectra of flavonoids in
the absence and presence of increasing concentrations of
DNA was recorded in the wavelength range of 250-300nm.
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Matched quartz cells of 1 cm path length were used in this
study. Respective buffer solutions (Tris-HCI buffer, pH 7.4)
were used as the reference. During optical titration of the
flavonoids, an equal amount of DNA was added to both the
sample and the reference cells. The temperature was
maintained at 4°C especially for Ct-(ds) DNA. In the
spectrophotometric titrations to a fixed concentration of
flavonoid, the concentration of DNA was varied and the
change in the absorption at A max of the flavonoid was
noted at each P/D [DNA/flavonoid molar ratio]. The purity
of DNA was verified by monitoring the ratio of absorbance
at 260/280 nm (A260/A280). Appropriate blanks were run
under the same conditions and subtracted from the sample
spectra.

CD analysis

Circular dichroism (CD) is a powerful and reliable tool to
understand  the  conformational changes in a
biomacromolecule upon interaction. It is known that the
intercalation of linear or flat aromatic molecules into
double-stranded DNA induce large chirality changes and
consequently significant affects on their CD spectra. The
CD spectra of buffer were used and were automatically
subtracted from the CD spectra of the samples as baselines.
CD band intensities were expressed in terms of mean
residue ellipticity (MRE) in deg cm? dmol™. CD studies
support the conformational changes in DNA upon
interaction with the flavonoid.

Fluorescence spectral analysis

Fluorescence measurements were carried out on a carry
eclipse fluorescence spectrophotometer. Measurements were
made in a fluorescence free quartz cell of 1 cm path length.
The fluorescence characteristics of flavonoids (Aex = 270
nm and Aem = 350 nm) were used to investigate Ct-(ds)
DNA-flavonoids interaction in Tris HCI buffer solution (pH
= 7.4) at room temperature. Fluorescence spectra were
recorded in the range of 300-500 nm while maintaining the
constant  concentration of flavonoids and varying
concentrations of DNA.

Voltammetric studies

The electrochemical behaviors of flavonoids were studied
before and after adding DNA by cyclic voltammetry (CV)
using Tris HCI buffer solution of pH 7.4 as supporting
electrolyte. The mixed flavonoids—DNA solution was
allowed to equilibrate for 5 min at room temperature. The
voltammetric behaviours of both flavonoids and flavonoids—
DNA adduct were studied at different scan rates (25-250
mV s?). During the determination, a nitrogen atmosphere
was maintained over the solutions. All the measurements
were carried out at room temperature.

Molecular docking

Docking operations were performed using version 4.2 of
the AutoDock program package and the Lamarckian genetic
algorithm (LGA) available in AutoDock 4.2, which was
proven to be most reliable, successful and effective.1%2°
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Structures of the compounds, Baicalein and 7,8-
dihydroxyflavones were modeled by using ChemDraw
(version 11.0) and geometrically optimized using the
LigPrep module (Schrodinger, LLC). These two compounds
differed in the number of hydroxyl groups attached to the
phenyl ring. Then it was converted into PDB format from
mol format by online OPENBABEL
(http://www.vcclab.org/lab/babel/). The LGA was used in
this docking study of the compounds Baicalein and 7, 8-
dihydroxyflavone with double-stranded DNA. The DNA
duplex receptor structure from the Protein Data Bank (PDB
ID: 2dyw) contained 12 base pairs. The base pair sequence
was CGCGAATTCGCG: GCGCTTAAGCGC.

In all cases, we used grid maps with a grid box size of
120%x60%120 points with a grid-point spacing of 0.371 A,
Then, we started the molecular docking via the LGA using
default parameters. For ligands, ten independent docking
runs were carried out. Visualization of the docked pose was
done using Discovery digital studio molecular graphics
programs.

RESULTS AND DISCUSSION
Binding modes of flavonoids with DNA

It is generally accepted that small molecules are bound to
DNA double helix by three modes viz., electrostatic binding,
groove binding and intercalative binding. In fact, each small
molecule has a particular structure, which possibly has
different binding modes with DNA and each mode results in
a characteristic distortion of the DNA, in theory giving rise
to a specific pharmacological effect.

Absorption spectroscopy
Interaction of Baicalein and DHF with ct-DNA

UV-Vis absorption spectra were obtained by titration of a
1.0 x 10°mol L*flavonoids with double strand DNA (ds-
DNA) solution. The results, shown in Figures 1A and 1B,
show a single absorption band of 270 nm for flavonoids in
the absence of Ct-(ds) DNA. As the DNA concentration
increases the intensity of the absorption band decreases. The
phenomenon indicated an interaction between DNA and the
flavonoid and it is typical of intercalate mode. %

The hypochromic shift observed in the spectra of
flavonoids indicates helical ordering of flavonoids in the
DNA helix. Flavonoids binding to DNA through
intercalation is characterized by change in the absorbance
hypochromic and a red shift in wavelength, due to the
intercalative binding mode involving a stacking interaction
between the DNA base pairs.3!

The absorption spectra of Baicalein and DHF when
titrated with ct-DNA showed the isosbestic point at 250 nm
and 300 nm respectively.®? The binding constants were
calculated from the ratio of the intercept to the slope of the
linear fitting of the curve obtained by plotting 1/(A-Ao)
versus 1/[DNA] for both the flavonoid. The binding
constants of flavonoids with Ct-(ds) DNA were observed to
be in the order of Baicalein > DHF.
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Figure 1. Absorption spectra of (A) 48 uM of Baicalein and (B) of
84 uM of DHF with varying concentration of Ct-(ds) DNA.

The values of the binding constants K were obtained
according to the methods reported. To calculate the
flavonoid—polynucleotide binding constant, the data are
treated according to the following equations.

DNA + flavonoid 2 DNA flavonoid complex D

[DNA falvonoid complex]

K= @)

[Free DNA][Free flavonoid]

The values of the binding constants K were obtained from
the DNA absorption at 260 nm according to the published
methods,33* where the bindings of various ligands to
hemoglobin were described. For weak binding affinities the
data were treated using linear reciprocal plots based on the
following equation.
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Based on the variations of absorbance in the spectral band,
the binding constant, K of the complex-DNA can be
obtained according to the following equation.

&g 1
—&; K[DNA]

A Ze +

A-A &e,6-& Eus

®)

where

Ao and A are the absorbencies of the complex in the
absence and presence of DNA, respectively, and

& and ene are their absorption coefficients,
respectively.
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Figure 2. Fitting of experimental data of Baicalein and DHF
with Eqgn. (4).

The association constant demonstrated that flavonoid binds
to CT-DNA through outside binding such as an electrostatic
interaction. Planarity, hydrophobicity, and electrostatic
component of flavonoids play important roles in its binding
to DNA through intercalative mode.*®

The result of fitting the experimental data with Eqn. (4) is

shown in Figure 2. It is suggested that the complex of
flavonoids with DNA is to be a kind of 1:1 ratio. From a
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plot of A¢/(A-Ag) vs. 1/[DNA], the ratio of the intercept to
the slope gives the binding constant, K = 2.18 x10°mol*L
and K=3.16 x105mol L.

Circular dichroism

Circular dichroism (CD) is a reliable tool to understand
the conformational changes in a biomacromolecule upon
interaction. Conformational changes associated with the
binding of flavonoids to DNA were investigated by CD
studies. Small molecules bind to the DNA double helix by
three dominant modes referred to as (i) intercalative binding
where the probe intercalates within the nucleic acid base
pairs, (ii) groove binding involving van der Waal’s
interaction in the major groove or the minor groove of the
DNA helix and (iii) electrostatic binding between the
negatively charged DNA phosphate backbone and cationic
end of the molecules.

Intercalated probes are comparatively more protected
from the external agents compared to those bound through
other interactions.*®3” Electrostatic, hydrogen bonding and
hydrophobic interactions generally contribute to the stability
of groove binding,*® whereas intercalative binding® is
mostly favoured by stacking interaction with the adjacent
DNA bases.*

It is well known that the intercalation binding of linear or
flat aromatic molecules into calf thymus (double-stranded)
DNA induce large chirality changes and consequently
significant effects on their CD spectra.*! The CD spectrum
of free DNA shows a negative band at 245 nm due to
helicity (Figure 3), and a positive band at 275 nm due to the
base stacking, which is the characteristic of DNA in the
right-hand B form.*> The CD band of DNA at 270-280 nm is
assigned to base stacking interactions between the bases and
the band at 245 nm is attributed to the polynucleotide helical
structure.*®

These bands are caused by the stacking interactions
between the bases pairs and the helical suprastructure of the
polynucleotide that provides an asymmetric environment for
the bases. The secondary structure of DNA is perturbed
markedly by the intercalation of small molecules leaving its
signature through the conformational changes in the intrinsic
CD spectra of ct-(ds) DNA. Groove binding, however, does
not put so much impact on the CD signal in this report.#-47

Emission spectroscopy

The fluorescence signal of 452 nm was responsible for
Baicalein and 338 nm for DHF. When the DNA solution
was added to the flavonoids, Baicalein peak shifted from
452 nm to 450 nm and DHF is shifted from 338 nm to 346
nm. This information indicates that flavonoids were more
binding (turn on) with Ct-(ds) DNA. Figures 6A and 6B
shows the fluorescence spectra of flavonoids in the presence
and absence of calf thymus DNA.

The stronger enhancement in fluorescence intensity of
Baicalein with DNA may be largely due to the increase of
the molecular planarity of the complex and the decrease of
the collisional frequency of the solvent molecules with the
complex which is caused by the planar aromatic group of
the complex stacks between adjacent base pairs of the DNA.

DOI: 10.17628/ech.2018.7.10-19 13



Interaction of flavonoids with calf thymus DNA

15
P
124 /’ ‘\
’ \ = 400 uM Ct-(ds)DNA
o] .~ \ = 40 uM (2-OH) + DNA
] ‘\ “ — 40 1M (3-OH) + DNA

200 2 240 260 280 300

wavelength (nm)

\
2 "---‘\\
\ P =
1 / f, \:‘Q g
o /{ RN e
(] 4 Y \ >
C \ ,, by - —
£ o 4 2
s N\ 7 g
J i
\\} ¥ | =400 Ct(ds)DNA | £
44 :.:gi e 40 1M (2-OH) + DNA
- = 40 uM (3-OH) + DNA
240 260 280
wavelength (nm)

Figure 3. Circular dichroism spectra of Ct-(ds) DNA in the
absence and presence of flavonoids.

Flavonoids were binding to DNA leading to a marked
increase in fluorescence emission intensity also agrees with
observations for other intercalators.*%%0

In the presence of DNA, emission quenching of flavonoids
may be caused by the fact that, flavonoids being a small
hydrophobic molecule and can be absorbed by hydrophobic
groups on the surface of DNA.

Cyclic voltammetry

In a cyclic voltammetry experiment, scanning the
potential in both directions provides an opportunity to
explore the electrochemical behaviour of species generated
at the electrode.

Electrochemical behavior of GCE was carefully
investigated in Tris HCI buffer by cyclic voltammetry. The
electrochemical response of flavonoids in DNA solution is a
rich source of information about binding and reactivity.5
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Figure 4. Emission spectrum of flavonoids in presence of
increasing amount of Ct(ds)DNA, (A) Baicalein and (B) DHF.

The cyclic voltammograms of flavonoids in the presence
of different amounts of DNA were recorded in Tris HCI
buffer solution pH 7.4 and are shown in Fig. 7A and 7B.
The voltammograms of Baicalein and DHF showed a
prominent oxidation peak at 0.15 and 0.25 V, respectively.
These peaks were found to be shifted towards positive
potential (from 0.12 to 0.26 V for Baicalein and from 0.03
to 0.24 V for DHF) in the presence of DNA. Such an
observation might be attributed to one of the two factors i.e.
either the nonconducting DNA can block the electron
transfer from the flavonoid or the DNA—flavonoid complex
formed is electrochemically inactive. If the electron transfer
was not blocked, then the current should increase but peak
shift would be expected.5? The observed shift in the peak
potential and increased peak current was attributed to the
formation of the DNA-flavonoid complex through the
intercalative mode of binding.5® Thus, the electrochemical
studies supported the spectroscopic results indicating the
intercalative mode of binding between the flavonoid and
DNA. Typical cyclic voltammetric behaviours of flavonoids
without and with Ct-(ds) DNA was studied in pH 7.4 Tris
HCI buffer solution under the potential range of (-1.2 to
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1.2 V) for Baicalein and (-1.0 to 1.0 V) for DHF with the
rate of 50 mV s (Fig.5A, B) and oxidation and reduction
peaks (redox reaction) appeared.
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Figure 5A. Cyclic voltammograms of interaction of Baicalein with
various concentrations of Ct-(ds) DNA.

As can be seen, on the bare GCE, flavonoids had a small
stable and quasi-reversible redox response, however, on the
GCE, much more obviously redox peaks of flavonoids were
found at 0.15 and 0.25 V, which were ascribed to the good
conductivity for flavonoids.>* Binding constant for Baicalein
is 2.046x10° and 3.1063x10° for DHF. A further study
showed that the peak currents of flavonoids were linear with
the scan rates (v), in the scan rates range from 25— 250 mV
s 1.5 In the presence of 0.016 mg mL™ dsDNA, the peak
current of the flavonoids decreased apparently and the peak
potentials show almost no changes, indicating that
flavonoids combined with DNA forming an electroactive
complex.

Molecular docking

Molecular docking techniques are an attractive scaffold to
understand the drug—DNA interactions in rational drug
design, as well as in the mechanistic study by placing a
small molecule into the binding site of the target specific
region of the DNA mainly in a non-covalent fashion.

Eur. Chem. Bull., 2018, 7(1), 10-19
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conformations in order to predict the best-fit orientation, and
the best energy docked structure is analyzed.%®
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Figure 5B. Cyclic voltammograms of interaction of DHF with
various concentrations of Ct-(ds) DNA.

Molecular docking is an exemplary platform to interpret
ligand DNA interactions leads to drug discovery and design.
Here the ligands were individually docked with dodecamer
duplex sequence of DNA d(CGCGAATTCGCG), (PDB ID:
1BNA) so as to find out the binding site besides position of
the ligand. From the docking results, Minimum binding
energy conformer is elected for calculations.’

The binding interactions of DHF and Baicalein with Ct-
(ds) DNA (1BNA) seems to had intercalation mode of
binding with DNA. Both ligands interacted on the same site
of the DNA molecule but Baicalein seems to have more
interaction with the nucleotide than the other. Maximum of
10 poses will be generated depending upon torsions in the
ligands.®

The above studies confirm that both Baicalein and the 7,8-
dihydroxyflavone interact with the double-stranded DNA by
intercalation binding. Among these, the Baicalein has a
better binding efficiency compared to 7,8-dihydroxyflavone.
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Figure 6A. Docking of interaction between Baicalein to Ct-(ds)  Figure 6B. Docking of interaction between 7, 8-DHF to Ct-(ds)
DNA DNA
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Conclusion

In conclusion, the binding interactions of flavonoids with
calf thymus DNA have been studied using UV-VIS
absorption,  fluorescence, =~ CD  spectroscopy  and
electrochemical studies. The results indicated that the
binding mode of flavonoids to DNA is an intercalation
binding, which was supported by the results from
electrochemical studies [Guowen Zhang et al.]. It was found
that both hydrophobic interactions and hydrogen bonds play
a major role in the binding of flavonoids to DNA. Their
studies indicated that these flavonoids intercalated into the
dsDNA helix, which accounts for the high binding constant.
Their experimental results are similar to those of our present
study, which might be attributed to the similar chemical
structures of the flavonoids. Based on binding constants, it is
apparent that Baicalein (2.046x107%) can bind more strongly
with than DHF (3.1063x10%). These studies may provide
useful information for further study of the pharmacological
effect and insight into the redox reactions of these molecules
in the living body.
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