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ABSTRACT

The interaction between ketoconazole (KTZ) and iHgriSperm DNA (HsDNA) have been studied by cyclic
voltammetry, differential pulse voltammetry, UV-alssorption and fluorescence spectral studies ardowmetric
methods. The measurements were performed in 0.1 MmBBS buffer solution at pH = 7.4. The voltammetric
behaviour of KTZ in the presence and absence ofNAsidas investigated at glassy carbon electrodegu€iyclic
Voltammetry and Differential Pulse Voltammetry. eTdalculated binding quenching constants,jKvere 1.057 x
10%, 5.9268 x16, and 3.039 x18L mol* at 298, 303 and 308 K respectively. The Stern-¥plquenching rate
constant (K, binding site number (n) and corresponding thedgmamic parameters4d, 4G and 4S) were
calculated.
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INTRODUCTION

KetoconazoleKigure 1) is one of the most famous antifungal medicatiamd a potent inhibitor against the enzyme
cytochrome P450 (CYP3A4); several statins, inclgdsimvastatin and lovastatin, interact with thispdiic
microsomal enzyme, which is responsible in sigaificpart for statin clearance [1]. It is oftendise treat fungal
infections that can spread to different parts @& Body through the bloodstream such as yeast iofecof the
mouth, skin, urinary tract, and blood, and cerfaimgal infections that begin on the skin or in thags and can
spread through the body. KTZ works by slowing dhewth of fungi which may cause infection. It isedl to treat a
variety of fungal infections such as candida infew of the skin or mouth (thrush), blastomycokistoplasmosis,
coccidiomycosis, and others. Protein is an importamponent of cell and the executor of life atite. Itis a
frontier topic to study the function of protein lifie science. Studying the thermodynamics charesties and
mechanism of the interaction of a small organicenole such as medicament with biological macromdéscis an

important component of life sciences.
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Fig.1 Chemical structure of Ketoconazole

Serum albumins are the most abundant proteinsasnm [2]. As the major soluble protein constitaewit the
circulatory system, they have many physiologicalctions. They contribute to colloid osmotic blomessure and
are primarily responsible for the maintenance obldlpH [3, 4]; they can play a dominant role ingdlmetabolism,
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efficacy and disposition [5]. Many drugs and otb@yactivity small molecules bind reversibly to afbin [6-8],
which implicates a serum albumin role as carrie€ansequently, it is important to study the intémats of drugs
with this protein. These studies may provide infation about the structural features that deterrtingherapeutic
effectiveness of drugs, and have become an imporésearch field in the life sciences, chemistry afinical
medicine.

As far as we know, the interaction between KTZ &sdDNA has not been investigated. In this work;BI$A
was selected as our DNA model because of its mletigzortance, low cost, ready availability, unuslighnd
binding properties.

In recent years, there has been a growing intémetite CV investigations of the interactions betweltugs and
proteins. Observing the pre- and post-electrocbainsignals of proteins provides good evidencedfetermining
the interaction mechanism. An electrochemical aggih can provide new insight into rational drugigiesand
would lead to increased understanding of the intema mechanism between drugs and proteins.

Spectroscopy (fluorescence and UV-vis. spectrogc@pyalso a powerful tool for the study of the réae of
chemical and biological systems since it allows-mdrusive measurements of substances at a lowertration
under physiological conditions [9]. Quenching maament of albumin fluorescence is an importanthmetto
study the interactions of drugs with protein [1Q]).1 The effectiveness of drugs depends on theidibg ability
with albumins, so it is significant to study thedractions of drugs with proteins [12]. These ®sdan reveal the
accessibility of quenchers to DNA, help to underdt®NA binding mechanisms to drugs, and provideglio the
nature of the binding phenomenon.

In the present work, we demonstrated the interastibetween KTZ and HSDNA by cyclic Voltammetry,
differential pulse Voltammetry, spectroscopic amstometric methods. The aim of our work was teedatne the
affinity of KTZ for HSDNA, and to investigate thedrmodynamics of their interaction.

MATERIALS AND METHODS

1.1 Materials

Herring sperm DNA, approximately 99% pure were oigd from Sigma Aldrich, India. Ketoconazole was
obtained as gift sample from Cipla, India. All etthmaterials were of analytical reagent grade. 3Jdiations of
drug and Hs-DNA were prepared in 0.1 M PBS buffepld 7.4 containing 0.15 M NaCl. Hs-DNA solutiorasv
prepared based on its molecular weight. Water useddistilled and deionized.

1.2 Equipments and spectral measurements

Electrochemical experiments were performed in aveantional three-electrode cell powered by an ebetiemical
system comprising a CH electrochemical analyzell. fldorescence measurements were carried out oR-4500
spectrophotometer (Hitachi, Tokyo, Japan) equippitd a 150W Xenon lamp source and 1.0 cm quartis.ceh
double beam Ellico UV-Vis spectrophotometer (Indiguipped with 1.0 cm quartz cells was used fonsicey the
UV spectrum. Viscosity measurements were perforodg a viscometer, which was immersed in a thetato
water-bath at room temperature.

RESULTS AND DISCUSSION

3.1. Voltammetric behaviour of KTZ at a GCE

The electrochemical behaviour of KTZ (1.0 x“MI) at a GCE was investigated by CV and DPV. KTdwed
one oxidation peak at 0.667 V with correspondingkpeurrent -2.202 YA in PBS buffer of pH 7.4 witls@an rate
of 50 mV §' (Figure 28). No peak was observed in the reverse scan, stiggehat the oxidation of KTZ on the
GCE was irreversible. Multi-sweep cyclic voltammag of KTZ (data not shown) revealed a significd@trease
in peak current, indicating fouling of the electeoglirface due to adsorption of KTZ or its oxidatiwaduct.

For an irreversible process, the number of elediramsfer (n) could be obtained by Eq. (1) [13].

AEp, = Eja— Boaz= (47.76n) mV (at 298 K) Q)
Where K., is the half peak potentiad, represents the electron transfer coefficient (gahe 0.3 <o < 0.7),a is
assumed to be 0.5 for a totally irreversible precds this study, a value of 47 mV for |Epa-Egjpa obtained from

equation 1 and the value of n is 2.0292) is yielded referring to Eq. (1) [14]. Theredoithe electrochemical
oxidation of KTZ undergoes 2&ansfer process.
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Based on the above results, it is proposed thamglelectrooxidation, KTZ involves two protons ameb electrons
oxidation to yield substituted ketone adduct, duarn oxidation mechanisn®¢heme 1} similar to caffiene. This is

also in agreement with an earlier report [15].
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Scheme 1. Probable reaction mechanism for electroiobation of KTZ

For an irreversible oxidation reaction, the follogiequation was used to calculate standard ratetaun(k) [16,
17].

E, = E° + (RThnF) [In (RTky anF)] —Inv (2)

Where E is the formal potential, R is the universal gasiatant (8.314 J K mol'), T (K) was the Kelvin
temperatureq is the transfer coefficientoKs?) is the electrochemical rate constant and F was#raday constant
(96,487 C mot). The value of Ewas obtained from the intercept of ¥sIn v plot by the extrapolation to the
vertical axis av = 0. The kvalue, 1.27 x 1bs'was evaluated from the plot of Esin v.
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Fig. 2 (a) Cyclic voltammogram for the oxidation of1.0 x 10°M of KTZ at different scan rates: 25, 50, 75, 100125, 150, 175, 200, 225
250, 275 and 300 mV-5(a—f). (b) Plot of k, versusv (c) Plot of I, versusy “of KTZ.

3.2. Influence of scan rate on electrooxidation d{TZ

We examined the influence of the scan rate on léxetrechemical behaviour of KTZ, to understand tia¢ure of
the electrode process. For this, we recorded @yditammogram of 1.0 x 10M KTZ at a GCE at different scan
rates Figure 28). The oxidation peak current of KTZ was notediriorease with increasing scan rate, with a
positive shift in the peak potential. The plotvafues of log J versus log in the scan rate range of 25 - 300 mV s
yielded a straight line with a slope of 0.532. Salue is close to the theoretical value of 05eexed for an ideal
reaction condition for a diffusion-controlled elexte process [13]. In addition, the graphsgfversusv and |,
versusv*? (Fig. 2b and 29 have good linearity. In the range from 25 to 3@0@s”, the anodic peak currents were
proportional to the scan rate. The correlatiorffament was found to be -0.997981 (n = 12) an®8221 (n = 12),
which indicates the electrode reaction was diffasiontrolled.

3.3. Voltammetric studies of KTZ-HSDNA interaction

CVs and DPVs of 1.0 x 1tM KTZ in absence and presence of HsDNA on GCE s PBffer of pH 7.4 are shown
in Fig 3(a) and 3(b) The voltammogram without HSDNA shows stable angeak in the potential range of 0.2 -
1.0 V. The anodic peak was appeared at 0.667 SugeBCE corresponding peak current is -2.202 pA.the
addition of 10 - 180 uM of HsDNA the anodic pealtgmtial was shifted to negative direction and alrodic peak
current () was decreased. The significant decrease in peaient is attributed to the formation of slowly
diffusing KTZ- HsDNA complex due to which the comtmtion of the free drug, which is responsible foe
transfer of current is lowered. The calculatedigadf k is found to be 1.27 x & in the absence of HsDNA and
1.38 x 16 s* in presence of HsDNA. In this way, appreciabléegénce in the value of,kn presence and absence
of HsDNA was not observed indicating that HSDNA dit alter the electrochemical kinetics of KTZ aadidn.
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Fig. 3 (@) CV’s and (b) DPV’s of 1.0 x 10M KTZ in absence of HSDNA (a), and in presence of &Gpona = 10.0, 50.0, 70.0, 100.0, 120.0,
150.0 and 180 uML* (b to h) in PBS buffer of pH 7.4 at 50 mV$

In general the positive shift in potential is caligg the intercalation of the drug into HsDNA [18]hile negative
shift is observed for the electrostatic interactidiisDNA [19]. So the obvious negative peak pt&dshift in the
CV and DPV of KTZ by the addition of HsDNA is alititable to the electrostatic interaction of KTZwiHsDNA.
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The cathodic peak potential shift indicates theezasxidation of KTZ in presence of HsDNA becautseaxidized
form is more strongly bound to HsDNA than its reedidorm.

According to the decrease in peak current of KTZHgyaddition of different concentration of HsDNAe binding
constant was calculated according to the follovéggation [20]:

1 K@A) @)
[BSA] ~ 1-(1y)

Where, K is the binding constant, | angl dre the peak currents with and without HSDNA andisAthe
proportionality constant.

A plot of I/ [1- (I¢/1)] versus 1 [DNA] was constructedHig. 4@ and from the ratio of the intercept to slope, the
value of K is calculated to be 1.24 x*10mol™ (R?= 0.9999).

The binding constant and binding site size wasrdeted using the following equation [21]:

Gy {[Free base pair}]
— =K s 4

Where, S is the binding site size in terms of lz&es. Measuring the concentration of HSDNA imierof [KTZ],
the concentration of the base pairs can be exptessfDNA]/2. Therefore, Eq. (4) can be written as

Cy { [BSA] }
K <{—— 5)
c 25

Therefore, €and G represent the concentrations of the free and HsbNénd species respectively. Thg@
ratio was determined by the equation given belo®y,[2

= (6)

Where, | andd represent the peak currents of the drug in thegmee and absence of HSDNA respectively.

Putting the value of 1.24 x 1@ mol ™" as calculated according to Eq. (3), the binding size of 0.8% 1.0 bp was
obtained from the plotHig. 4b) of G,/C; versus [HsDNA]. The small value of ‘S’ indicatelectrostatic interaction
of KTZ with HsDNA.

3.4. Fluorescence spectral studies

The interaction between KTZ and HsDNA was invegtdaby evaluating fluorescence intensity of HsDN&fdre
and after addition of KTZ in a physiological conadlit (pH = 7.4) upon excitation at 260 nm. Here the
concentration of HSDNA was stabilized at 1.0 X2 and the concentration of KTZ varied from 10 &0luML™.
The effect of KTZ on HsDNA fluorescence intensisyshown inFigure 5a. The fluorescence intensity of HsDNA
decreases progressively but the emission maximuimndt move to shorter or longer wavelength, dughi
interaction of KTZ with HsDNA and quench its intsio fluorescence [23], but there was no alterativthe local
dielectric environment of HSDNA.

In order to confirm the quenching mechanism, flsoence quenching mechanism was analysed accoalistgrn
— volmer equation [24]

Fo/ F=1+ k1 [Q] = 1 + Ky[Q]
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In this equation, f-and F are the fluorescence intensities of HsDNAksence and presence of KTZ respectively,
[Q] is the KTZ concentration,qKs the quenching rate constamnfis the average excited-state lifetime andikthe
Stern-Volmer quenching constant.
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Fig. 4 (a) Plot of 1/ [1- @i)] versus 1/ [1- HSDNAJ; (b) Plot of G /Cs versus [HSDNA]
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Fig. 5 (a) Florescence spectra of 1xf® HsDNA in the absence of HsDNA and in presence @ = 10, 50, 70, 100, 120, 150, 180 puML
(b to i) in PBS of pH 7.4, (b) Plot of &/F versus [HSDNA] and (c) Plot of log [(i-F)/F] versus log [HSDNA]

The quenching mechanism of KTZ with HSDNA was piblusing the Stern-Volmer equation [24], which can b
applied to determine ¥ by linear regression from the Stern-Volmer plotFgf, against [KTZ] Fig. 5(b)). The
value of Stern-Volmer quenching constant decreasiisincrease in temperature. According to theréiture [25]
for dynamic quenching, the maximum scatter coltisjipenching constant of various quenchers wittbtbpolymer
is 2.0 x 16° L mol™* s and the fluorescence lifetime if the biopolymed & s. FromFig. 5(c), the values of K
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and k, (= Ksy/to) were calculated. The obtained values pfk0527 x 1& L mol*s™) were larger than the limiting
diffusion rate constant of the biomolecule (2.0%°1L mol™*s?), which indicate that the fluorescence quenching i
caused by a specific interaction between HsDNA Emd. Therefore, the quenching mechanism mainlgeari
from the formation of HSDNA-KTZ complex rather thaynamic quenching. So it was implied that thdista
guenching was dominant in the system. From thegfldog [(R-F)/F] vslog [KTZ] binding constant K and the
number of binding sites ‘n’ were calculated frora thtercept and slope.

3.5. Determination of thermodynamic parameters

In order to elucidate the interaction between KT &iIsSDNA, the thermodynamic parameters were catedltom
the van’t Hoff’s plotFig. 6(b). If the enthalpy changeAH) does not vary significantly over the temperattaege
studied then the thermodynamic parametatd, AG andAS can be determined from the following equations
respectively.

In K = AH/RT +AS/R ("
AG =-RT InK (8)
AS = (AH -AG)/T 9)
g,A
164 @ 0] ©
154 904
|} 88+
144
W m 208K o
> ® 303K ' 86
134 308K
844
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824
114 80+
0 2‘5 3‘) 7‘5 l(l)O 1‘25 1%0 1I75 200 32',2 32'.4 32',6 32',8 K;,O K;,Z K;A K;,G
[Q10°ML* UT10°K*

Fig. 6 (a) Stern-Volmer plots for (KTZ- HsDNA) at different temperatures and (b) Van't Hoff plots of InK vs. 1/T

According to the theory of Ross, the positive elmhahange 4H) and entropy change\§) are associated with
hydrophobic interaction. The negative valuesAbf and AS are associated with hydrogen binding and van der
Waals interactions whereas the very low positivenegativeAH and positiveAS values are characterized by
electrostatic interactions. From the valueabf AG andAS (-16.87, -22.958 and 20.49 respectively), it feasmd

that there is electrostatic interaction between N&Rand KTZ [26].

3.6. Binding sites

The binding reaction in HSDNA molecules happened tfee static quenching interaction. According tee t
relationship of

o [FOF' F] vs. Ig [Q]

the fit to the fluorescence data using equation

o [FFF] = 19K +2Ig[Q)

for KTZ and HsDNA was found by settireg 0.848 + 0.037.

3.7. UV/Vis absorption spectroscopy

To explore the structural change of HsDNA after dlokelition of KTZ, we have measured the UV-vis abaoce
spectra of KTZ with various amounts of HsDNAigure 7adisplays the UV-vis absorbance spectra of KTZ4# 2
nm at different concentrations of HSDNA. The iotdative binding mode of molecule to HSDNA has been
considered by appreciable shift in the wavelengik tb interaction between HsDNA stack with ligamdile
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outside binders (groove binder) display a slighted shift [27,28]. The absorbance of KTZ decreas#th
increasing concentration of HsDNA and the peak slagtly red shifted. The decrease in absorptipecta is
mostly attributed to the interaction between elautr states of the compound and the HSDNA basesné&ithese
results non-intercalation or groove binding modey ima ruled out as a major binding mode of KTZ viitsDNA.

1.0

(@

0.8 a Y =7.4177 + 53.68687 X
R®=0.92846

0.6 "

0.44

Absorbance

0.2 8

0.0

250 275 300 305 350 0.00 0.02 0.04 006 0.08 0.10
Wavelength 1 [Q] pML?

Fig. 7 (a) UV-visible spectra of 1.0 x 1M KTZ in the absence and in presence of Gona= 10, 50, 70, 100, 120 uMEHsDNA in PBS of
pH 7.4 and (b) Plot of (A/ (A-Ao) versus 1/ [Q]

3.8. Determination of viscosity

One indication of HSDNA binding mode is the chamgeiscosity when a small molecule associates WisDNA.
Intercalative binding increases the length of HsDIAd the viscosity significantly, whereas grooveding
typically has a smaller effect on viscosity [2Hig. 9 reveals that the viscosity of KTZ decreased cansioly by
the addition of HSDNA at concentrations more th@r04nmol L%, It supports the electrostatic or groove mode via
hydrophobic interaction.

1.0+ \

.\.

— — v v v
0.2 0.4 0.6 0.8 1.0 1.2 14
Binding Ratio

Fig. 9. Effect of HsDNA on the viscosity of KTZ saltion at 100pmol L™, Cyspna= 0, 10, 20, 30, 40 and 5@mol L *phosphate buffer (0.1
mol L™, pH 7.4) at 298 K

CONCLUSION

In this paper, the interaction of KTZ with HSDNA svastudied by cyclic voltammetry, differential pulse
voltammetry spectroscopic (fluorescence spectroscapd UV-Vis absorption spectroscopy) and viscommetr
methods. The results show that the modified Stimer quenching constant Kis inversely correlated with
temperature, which indicates that the probable cpieg mechanism of KTZ-HsDNA binding reactionsngtiated

by complex formation. The results of fluorescengecsroscopy and ultraviolet spectra indicate thatgecondary
structures of albumin molecules are changed draaibtiin the presence of KTZ. The experimentallssalso
indicate that the probable quenching mechanism lwfréscence of HsDNA by KTZ was static quenching
procedure. The binding reaction of KTZ with HsDWAmainly enthalpy driven; the electrostatic intgi@ns play a
major role in the reaction, in addition to the hyginobic association.
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