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ABSTRACT

The interaction between Moxifloxacin (MXF) and Hiegr Sperm DNA (Hs-DNA) was investigated by using
voltammetric (CV and DPV), UV-vis, spectrofluorornteand viscometric methods in Britton-Robinson BRffer

of pH 7.4. The binding of MXF to Hs-DNA was subs#ded by the hypochromism and bathochromism @ th
absorption and the emission quenching in fluoreseespectra. The voltammetric method using carbastep
electrode (CPE) suggested an electrostatic intéoactwhile spectroscopic methods show minor grdamding as
the predominant mode. The values of binding coistabtained from UV absorption, spectrofluorimesnyd
voltammetric measurements were in close agreemEm obtained results confirmed that the preserthatkis a
good alternative for the determination of the birglconstant and site number for the molecular ext&on.
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INTRODUCTION

Moxifloxacin (MXF) (Fig. 1) is a fourth-generatiofluoroquinolone antibacterial agent active agaiasbroad
spectrum of Gram-positive and Gram-negative ocp&hogens, a typical microorganisms and anaerdfesl|f

differs from the other quinolones by having a mea&thaadical at the 8-position, with an S, S-configuir
diazabicyclonoyl ring moiety at the 7-position, aog having improved anti-bacterial activity ovehet similar

quinolones [2-4]. Moreover, this compound appéaarsover bacterial resistance to second- and themkeration
fluoroquinolones [5,6].

Fig 1: Structure of Moxifloxacin

DNA is known to be a major target for drugs and edrarmful chemicals to be attacked. Small molecot@mally
interact with DNA via non covalent interaction medeTherefore, the study of the possible interastiof the drug
with endogenous compounds is important. The intena between drugs and DNA is a fundamental issuide
process, and it is crucial for gene therapy dusotoelation with the mechanisms of drug and getieaty systems.
Intercalation, groove binding, and electrostatietiactions are the three major binding modes oflamaecules to
DNA [7].
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So far, the studies on the irdetion betveen MXF andHs-DNA have not beerepated in the literature. In this
work, the interaction of MXF with herring sperm DNAIs-DNA) is investigated using voltammetry, spestropic
and viscometric techniques. The binding constdMi¥F to DNA was calculated and the binding meclksamiis
discussed. We hopthe results obtained in thé work will provide some additional seful information for the
evaluation 6 the safety peformance & MXF through undestanding thai interactionwith DNA.

MATERIALS AND METHODS

1.1. Apparatus

Electrochemical experiments wer@erformed in a conventional three-electrode cell
powered by anelectrochemical system comprising Analyzer model-29stem. A carbon paste
electrode (CPE)was used as working electroaplatinumwire asa counter electrodand a calomel

electrode ageference electrode.

The UV-vis spectra were recorded on a double bebicoBJV-visible spectrophotometer (INDIA) in mateti
quartz cell of 1-cm path length. The fluorescemoeasurements were carried out on a HITACHI F-4500
spectrofluorimeter equipped with a 150W Xenon laamgl 1-cm quartz cell. The titrations were perfatntegy
keeping the constant of MXF concentration and vayyioncentration of Hs-DNA. The pH measurementewe
made with Scott Gerate pH meter CG 804. An eleatréhermostat water-bath was used for controllihg
temperature.

1.2. Reagents

Hs-DNA with a purity of> 98 %, MXF with a purity of> 99% and all other chemicals were purchased fragm&i
Aldrich (India). They were used without furtherrification. The solutions were stored at 4°C befbeing used.
Britton-Robinson (BR) buffepH 7.4 was prepared by following the standard wdthand was used as a
supporting electrolyte. Analytical grade reagemd double distilled water were used throughouettEeriment.

RESULTS AND DISCUSSION
3.1. Electrochemical Oxidation of MXF
The electrochemical behaviour of MXF at CPE wasestigated employing CV and DPV. Among various
supporting electrolytes, MXF (1.0 x £0M) showed higher signal response in BR buffer ldf4. MXF showed
an anodic peak at -981 mV in BR buffer of pH 7.4hvsican rate of 50 m\s No peak was observed in the reverse

scan but when the scan rate is increased, the peektial shifted to negative values suggesting tta oxidation
of MXF at CPE is irreversible [Fig. 2].
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Fig 2: Cyclic voltammogram of MXF on CPE Supportingelectrolyte: BR buffer (pH 7.4); (a) 10 mV&; (b) 20 mVs?; (c) 30 mVs';(d) 40
mVs? and (e) 50 mvg

The plots of logJvslogv in the scan rate range of 10 - 50 miAgelded a straight line with slope of 0.8934. §hi
value is close to the theoretical value, 1.00, Whi expected for an ideal reaction condition fdsaption
controlled electrode process [8,9]. The graphinbthhas good linearity betwegn Vs scan ratev) (R? = 0.9943)
and pavsv % (R = 0.9985) [Fig. 3 A & B].
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Fig 3A: Graph of |, vs.v of MXF Fig 3B: Graph of |5, vs.v*20f MXF. Supporting electrolyte: BR
buffer (pH 7.4).

In the range from 10 to 50 mV*she anodic peak currents were proportional tositen rate which indicates, the

electrode reaction was adsorption controlled [#lence, the electrooxidation of MXF involves thenster one
electron [10]. The probable reaction mechanisml@ftrooxidation of MXF was shown in Fig. 4. [10]1

H N OH —€ > H N OH_H"' N OH
| ] - |
F F g F

A A

Fig 4: Probable mechanism for electrooxidation of NKF

The electron transfer coefficiend’‘is calculated from the difference between peateptal (E) and half wave
potential (k) according to equation given below [12]:

AE, = B, — By»= (47.7b) mV (irreversible reaction; at 298 K)

The obtained value af is 0.539. For an irreversible oxidation reactiosre may use the following equation to
calculate standard rate constany) (£3,14].

E, = B+ (RThn) [In (RTk/ anF) - Inv]

Where E is the formal potential, R was the universal gasstant (8.314 J Kmol?), T (K) was the Kelvin
temperaturep. was the transfer coefficient, ks') was the electrochemical rate constant and F WwasFaraday
constant (96,487 C mid). The value of Ewas obtained from the intercept of thevBv plot by the extrapolation to
the vertical axis at = 0. The value of kwere evaluated from the plot of #sIn v and found to be 0.9849x31§.
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3.2. Electrochemical confirmation of the interactim of MXF with DNA
CV and DPV of MXF in presence and absence of Hs-Rix&Ashown in Fig. 5 and Figréspectively.
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Fig 5: Cyclic voltammogram of a) 1.5 x 1M MXF in the Fig 6: Differential pulse voltammogram of a) 1.5 X.0*M MXF in
absence of DNA and the presence ofyGa = 5.0, 10.0, 15.0 uM t* the absence of DNA and the presence ob = 5.0, 10.0, 15.0,
BSA (b to d) in BR buffer of pH-7.0 at scan rate 56nVs™. 20.0, 25.0, 30.0 uM X BSA (b to d) in BR buffer of pH-7.4 at scan

rate 50 mvs!

MXF exhibited a single well defined anodic peal8i mVvs CPE in BR buffer (pH 7.4), which corresponds to
the oxidation of the -N-H group [10]. Addition BMNA to MXF results in decrease of peak current off The
decrease in peak current of MXF upon addition ofADiNay be attributed to several possible reasorfse major
electrochemical kinetic parameters gnd k) of MXF in presence and absence of DNA can dematesiwhether
DNA influences the electrochemical kinetics of MXF not. The values of and k are found to be 0.539 and
0.9849 &in absence of DNA and 0.612 and 1.139 2sI'Gin presence of DNA. In this way, appreciableefiéince

in the values ofi and k in presence and absence of DNA was not obsendichiting that the DNA did not alter the
electrochemical kinetics of MXF oxidation. The dhmegative shift observed in the oxidation potahtf MXF
may be evidence of electrostatic interactions [15].

The binding constant was calculated using followeagation [16,17]:

1N o
log (7[DNA]) =logK + log (f—o —I)

Where, K is the binding constant, dnd | are the anodic peak currents of free MXF BXF-DNA complex,
respectively. The plot of log (1/[DNAPslog (I/(Io—1)) constructed. From the ratio of the intercepslope, K was
estimated to be 9.384x%10 mol™* and the correlation coefficient was found as 09@6= 6).

3.3. UV-vis Spectroscopic study

The interaction between MXF and Hs-DNA has beerrattarized classically by UV-vis absorption spectiighe
MXF exhibits maximum absorbance at 289 nm in thgeaof 200 - 400 nm. The effect of progressivedasing
concentration of Hs-DNA (5 to 15 pMY. on the absorption spectrum of MXF (1.0%1M) is shown in Fig. 7 A.
The absorption spectra show an increase of peaksity about 22.4 % and a small red shift abound0 at
absorption band of MXF with increasing concentmatad Hs-DNA. The hypochromicity and bathochromyicitf
absorption band are due to the effective interactietween MXF with Hs-DNA. The resultsrevealedthat
intercalation may be ruled out as a major binding mode of MXF wilANA. Therefore,we propose
electrostatiddinding mode between MXF and Hs-DNA based owariationsin absorbanceapectra of MXF
upon binding to  Hs-DNA. The binding constaK}, (was calculated using the equation,

4 g £ 1
0 _ G, 6
A-4) &5.-&; €5c—&; K[DNA]

Where, A and A are the absorbance of drug in the abserdt@r@sence of Hs-DNAg andey_gare the absorption
coefficients of drug and its complex with Hs-DNAespectively. The plot of AA-Ay) versus1l/[DNA] was
constructed as shown in Fig. 7 B.
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Fig 7 : (A) UV-visible spectra of (a) 1 x 16M MXF in the absence of Hs-DNA and in presence ofCpona = 5, 10, 15 pML! of HS-DNA (b
to d) in BR buffer of pH 7.4; (B): Plot of (Ay/ (A-Ag) vs. 1/ [HS-DNA]

From the ratio of intercept to slope, the bindimpstant, K was estimated to be 4.2296 X110 mol* which is
consistent with that reported value £4KLO? - 1C°) [9]. This indicates that MXF shows strong affjniith Hs-DNA
(Lu et al. 2011). Standard free energy change’, (at 27”C) was evaluated from K using the relationshi@’ = -
2.303RT log K. It was found to be -17.866 k J thioidicating the spontaneity of the reaction.

3.4. Spectrofluorimetric study of MXF-HsDNA complex

A strong fluorescence emission spectrum of MXF @ Bm was observed in the range of 350 - 550 ner aft
excitation at 289 nm. The fluorescence emissid@nsity of MXF increased with increasing conceimraof Hs-
DNA (Fig. 8A). An enhanced fluorescence intensityMXF was observed with the increasing concerdratf Hs-
DNA, but not altering the emission maximum and €hapthe peak. This is due to the microenvironnaotnd
the chromophore of MXF is changed which increadesnolecular planarity of the complex and decredises
collision frequency of solvent molecules with MXHAhis is due to diffusion which occurs between edia base
pairs of Hs-DNA [19]. The fluorescence intensignds to be constant at a high concentration of N&,Dwhich
shows the binding of MXF to Hs-DNA reached satunati

The binding constant was calculated according éorS¥olmer equation,

7 F=1+ k7 [Q] = 1+ K,[Q]
Where, kK and F are the fluorescence intensities in absamck presence of Hs-DNA respectively, [Q] is the
concentration of quencher, ks the quenching rate constan,is the average life time of biomolecule without

guencher and its value 4& and K, is the Stern-volmer quenching constant. The wahfeK,, and K, can be
determined from the slope of regression cury€ ¥s[Q] [Fig. 8 B].
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Fig 8 (A) Fluorescence spectra of a) 1.5 x 1M MXF in the absence of Hs-DNA and the presence @ona= 5.0, 10.0, 15.0, 20.0, 25.0, 30.0,
35.0 uM L™ Hs-DNA (b to h) in BR buffer of pH-7.4; (B) Sternvolmer plot of (F / Fy) vs. [Q] and (C) Plot of log [(F,- F)/F] vs. log [Q]
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The binding constant (§ and K, values calculated were 5.611 x>10mol™* and 5.611 x 1§ L mol* s* (R? =
0.9988) respectively. The maximum rate constantcalfisional quenching (i of various quenchers with
biopolymers is about 2.0 x 0L mol™ s*[20], which suggests that the fluorescence quemchimcess may be
mainly controlled by static quenching mechanisrheathan dynamic. Standard free energy chang8,(at 27C)
was evaluated from K using the relationshig® = -2.303 RT log K. It was found to be -21.369 tdI™ indicating
the spontaneity of the reaction.

3.5. Determination of binding constant and number bbinding sites
The binding constant and number of binding sitesMXF-Hs-DNA were determined by the following eqjoat
[21].

Where, K and n are binding constant and number of bindites gespectively. The values of n ang ¢an be
determined from the slope and intercept of the toldmarithm regression curve log {(F F)/F] versuslog [Q]
[Fig. 8C]. The value of Kwas found to be 4.964 x 10 mol™* (R? = 0.9988) and the value of nis ~ 2. The n value
indicates that there is one independent classrdfifg sites in Hs-DNA for MXF. Standard free enegiange,
AG® (at 27C) evaluated from K using the relationshig’ = -2.303 RT log K was found to be -19.851 k J ol
indicating the spontaneity of the reaction.

The binding constant and number of binding sitesadso calculated according to the equafion(F, - F)/FR, [22].

Where, F and §are the fluorescence intensities of MXF with aritheut DNA. Fluorescence data was analyzed
using the method described by Ward [23].

EEB]
og % |5 log K, + nlog [Q] .

L _ID]_,p,
(1-0)K 0 T

Where, K is the association constant for drug-HsADNteraction, n is the number of binding sitest][I3 the total
drug concentration and {Pis the total Hs-DNA concentration. The valuesnadnd K can be determined from the
slope and intercept of the double logarithm regoes$/(1-6) versuslog [Dt]/6 (Fig. 9). The values of K and n are
found to be 5.3 x 0L mol™ and 2.03 respectively. Standard free energy ehax@’ (at 27”C) was found to be -
20.663 k J mot indicates the reaction is spontaneous.
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Fig 9: Plot of 1/ (1-0) vs. [D{] / 8 for MXF-Hs-DNA system

3.6. Viscometric study

Optical photophysical studies provide necessarynbtisufficient clues to explain a binding betwésdA and the
complex, while hydrodynamic measurements that aresive to the length change are regarded asedhst |
ambiguous tests of a binding model in solution [2&hus, viscosity measurements were carried oanasffective
tool to further clarify the binding mode of MXF tds-DNA. An intercalator is generally known to caua
significant increase in the viscosity of DNA soartidue to lengthen the DNA helix as base pairsseparated to
accommodate the binding ligand [25]. In contraspartial, non-classical ligand intercalation iln@res causes a
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bend in DNA helix reducing its effective length athereby its viscosity [26]. As illustrated in Fit0, the relative
viscosities of the Hs-DNA increased steadily upba increasing concentration of MXF. Such behaviouther
confirmed that MXF bound to DNA through a non-clask intercalation or groove mode via hydrophobic
interaction.
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Fig 10: Effect of increasing concentration of Hs-DX on the relative viscosity of MXF
CONCLUSION

The interaction between MXF and Hs-DNA was studigdlifferent electrochemical, spectroscopic andwmisetric
methods at pH 7.4. In voltammetric studies, it whserved that the presence of DNA reduces thdilegum

concentration of free MXF and produces an electouhbally inactive complex. Both electrostatic natetions and
minor groove binding modes were deduced from tlelte of different methods, although groove bindsegmed
to be predominant. Thermodynamic parameters likdibg constant, changes in enthalpy and Gibbs dresrgy
during the interaction process were calculatede iRteraction was favourable with respect to baith&pic and
entropic changes, and the negative sign of Gibdes énergy change shows the spontaneity of interabetween
MXF and Hs-DNA.
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