
 
J. Serb. Chem. Soc. 77 (10) 1409–1422 (2012) UDC 547.831+544.022+577.213.3+ 
JSCS–4362 547.213.3+547.963.32+541.183 
 Original scientific paper 

1409 

An electrochemical study of the adsorptive behaviour of 
varenicline and its interaction with DNA 

VALENTINA RADULOVIĆ1, MARA M. ALEKSIĆ2*# and VERA KAPETANOVIĆ1 

1University of Belgrade, Faculty of Pharmacy, Department of Analytical Chemistry, Vojvode 
Stepe 450, 11000 Belgrade, Serbia and 2University of Belgrade, Faculty of Pharmacy, 

Department of Physical Chemistry and Instrumental Methods, 
Vojvode Stepe 450, 11000 Belgrade, Serbia 

(Received 20 April, revised 10 July 2012) 

Abstract: The electrochemical behaviour of a novel nicotinic α4β2 subtype re-
ceptor partial agonist varenicline (VAR), which is used for smoking cessation, 
was investigated in Britton–Robinson buffers (pH 2.0–12.0) by cyclic, diffe-
rential pulse and square wave voltammetry at a hanging mercury drop electrode 
(HMDE). The influence of pH, scan rate, concentration, accumulation potential 
and time on the peak current and potential suggested that the redox process was 
adsorption controlled in alkaline media. In addition, the experimental value of 
the surface coverage, Γ = 1.03×10-10 mol cm-2, was used to determine the con-
ditions when VAR was fully adsorbed at the electrode surface. Bearing in mind 
the potential high toxicity of VAR due to the presence of a quinoxaline struc-
ture, its interaction with double stranded-DNA (ds-DNA) was postulated and 
studied when both compounds were in the adsorbed state at a modified HMDE. 
Using the adsorptive transfer technique, changes in potential and decreases in 
the normalized peak currents were observed. The estimated value of the ratio of 
surface-binding constants indicated that the reduced form of VAR interacted 
with ds-DNA more strongly than the oxidized form. Subtle DNA damage under 
conditions of direct DNA–VAR interaction at room temperature was observed. 
The proposed type of interaction was intercalation. This study employed a 
simple electroanalytical methodology and showed the potential of a DNA/  
/HMDE biosensor for investigation of genotoxic effects. 
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INTRODUCTION 

Varenicline (VAR, 7,8,9,10-tetrahydro-6,10-methano-6H-pyrazino(2,3-h)(3) 
benzazepine), (Scheme 1) is a novel nicotinic α4β2 subtype receptor partial ago-
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nist approved by the Food and Drug Administration (FDA) for smoking cessa-
tion.1 VAR is similar in structure to nicotine but, as a partial agonist, it does not 
produce the full effect of nicotine. VAR competitively blocks the ability of nico-
tine to bind and stimulate the dopamine system. Only a small portion of VAR is 
metabolized, so most of the active compound is excreted renally. 

Scheme 1. Chemical structure of varenicline. 

Since VAR posses a quinoxaline core, which is known as a cytotoxic struc-
ture,2 it can be supposed that varenicline also shows some cytotoxic effects. 

There are only few reports on determination of VAR or its degradation pro-
ducts and impurities by different chromatographic methods in tablets3–7 and plasma 
samples.8 Recently, the electrochemical behaviour of VAR at several electrodes 
was reported.9 VAR undergoes reduction of the two C=N bonds of the substi-
tuted quinoxaline ring. In two consecutive, one electron steps the C=N bonds in 
VAR are reduced to give dihydrovarenicline, which undergoes further hydrogen 
ion-catalyzed chemical transformation and after the addition of two protons and 
two electrons, it is reduced to the final product, tetrahydrovarenicline. The criti-
cal factor governing the reduction processes of VAR is the pH of the solution. 
The overall process was possible only in acid solution and is represented by two 
reduction peaks, separated by more than 0.5 V. In alkaline medium, dihydrovare-
nicline is formed as the final product, which can be reversibly oxidized back to VAR. 

Since the VAR molecule has a planar structure, it can be assumed that it will 
show considerable adsorption at an electrode surface. Bearing in mind its high 
toxicity, interactions with DNA molecule may be postulated. 

The best way to study these interactions is to measure the electrode signal 
when both compounds are in the adsorbed state at the electrode surface. 

Electrochemical DNA-based biosensors10–12 are often used for the determi-
nation of low-molecular weight compounds with affinity for nucleic acids and for 
the detection of the hybridisation reaction.13 There are many interesting applica-
tions of DNA biosensors for detection of different analytes in water, soil, plant, 
food samples and pharmaceuticals.14 It is well known that drugs bind to DNA 
both covalently and non-covalently. The covalent binding with DNA is irrever-
sible and leads to complete inhibition of DNA processes and subsequent cell 
death. Non-covalent binding of small molecules to DNA can occur in three mo-
des: intercalation into the base pairs, binding in the “major” or “minor” grooves, 
and by electrostatic interactions outside the helix.15 The intercalators are usually 
planar molecules which contain heterocyclic groups that stack between adjacent 
DNA base pairs and cause strong structural perturbations in the DNA molecule. 
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 VARENICLINE–DNA INTERACTION 1411 

Since the structure of varenicline contains three planar heterocyclic rings, its po-
tent interaction with DNA could be assumed. 

Electrochemical analysis of DNA is based on the fact that the adenine and 
cytosine residues produce reducible signals, while guanine residues yield an ano-
dic signal due to the oxidation of the guanine reduction product. For the detection 
of such signals, voltammetric techniques at a hanging mercury drop electrode 
(HMDE) are used most frequently.16 The interaction between drugs and DNA 
that cause DNA damage can be monitored by following the changes in the cur-
rent intensity and the shift in the potential of the voltammetric peaks of DNA and 
investigated drug. 

In this work, the preliminary results on the interaction of the nicotinic recep-
tor agonist varenicline with calf thymus double-stranded DNA (ds-DNA) immo-
bilized at a HMDE using adsorptive transfer stripping square wave voltammetry 
(AdTSSWV) are presented. 

EXPERIMENTAL 

Reagents and solutions 

VAR was kindly donated by the Agency of Drugs and Medical Devices, Belgrade, Ser-
bia. A stock solution (S0) 1×10-3 mol dm-3 of VAR was prepared in redistilled water and 
stored in a freezer. More dilute solutions were prepared daily from the stock solution (S0). 

Double-stranded calf thymus DNA (MW = 10×106–15×106 g mol-1) was purchased from 
Sigma-Aldrich (Deisenhofen, Germany). The stock solution of DNA was 1.3×10-4 mol dm-3 
in 2×10-3 mol dm-3 phosphate buffer, pH 7.0, and its exact concentration was determined 
spectrophotometrically and related to the nucleotide content. 

Britton–Robinson buffer solutions, used as the supporting electrolytes for VAR inves-
tigation, were prepared in the usual way.17 For the DNA studies, the adsorption was per-
formed in phosphate buffer, and voltammetric measurements were realised in ammonium 
formate/sodium phosphate buffer. All the chemicals used for buffer preparation were of anal-
ytical grade. 

Double distilled water was used throughout. All experiments were performed at room 
temperature. 

Instrumentation 

The measurements were performed with an μAUTOLAB analyzer (EcoChemie, Utrecht, 
The Netherlands) connected to VA-Stand 663 (Metrohm, Herisau, Switzerland), and con-
trolled by GPES 4.9 software. A standard three-electrode electrochemical cell was used. The 
working electrode was a hanging mercury drop electrode (HMDE) with drop area of 0.4 mm2, 
the reference electrode was Ag/AgCl/3 mol dm-3 KCl, and a platinum wire was used as the 
auxiliary electrode. 

Alternatively, in some voltammetric measurements, an Amel 433-A computerized pola-
rographic analyzer was used, with a similar three-electrode system (working HMDE with a 
drop area of 1.9 mm2, Ag/AgCl reference and Pt-auxiliary electrode).  

A Radiometer PHM 220 pH meter with a Radiometer GK2401B combined pH electrode 
was used. 

Cyclic (CV), differential pulse (DPV) and square wave (SWV) voltammetric techniques 
were used in this work. The CV mode was applied with the scan rates from 5 to 100 mV s-1, 

_______________________________________________________________________________________________________________________

2012 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/



1412 RADULOVIĆ, ALEKSIĆ and KAPETANOVIĆ 

DPV was performed with pulse amplitude of 50 mV, pulse width 50 ms and scan rates of 20, 
50 and 100 mV s-1, while the parameters for the SWV mode were: amplitude 50 mV, scan 
increment 1–5 mV, frequency 125 Hz and sampling time 1 ms, and when required, the stirring 
speed of 300 rpm was applied. In the adsorptive stripping experiments, the adsorption accu-
mulation potential and time were selected.  

Procedure for the pH investigation 

An appropriate volume of the supporting electrolyte of different pH values were placed 
in the electrochemical cell, de-aerated for 10 minutes with high purity nitrogen and then 0.15 
ml of the VAR stock solution (S0) was added to give a final VAR concentration of 1×10-5 mol 
dm-3 for cyclic voltammetry (CV) and differential pulse voltammetry (DPV). The solution 
was purged for a further 3 min and the current–voltage curves were recorded. 

Procedure for adsorptive stripping voltammetric investigation 

An aliquot of 15.00 ml of supporting electrolyte (BR buffer) solution was introduced into 
the electrochemical cell and de-aerated with pure nitrogen for 10 min. A selected accumu-
lation potential was applied to the mercury drop for a selected accumulation period, while the 
solution was stirred at 300 rpm. The stirring was then stopped and after the rest period, 
adsorptive stripping square wave voltammetry was applied for reduction process over the 
range –0.2 to –1.2 V vs. Ag/AgCl. After the background voltammogram had been recorded, 
an adequate aliquot of the stock VAR solution was added to the cell and under the same con-
ditions, the AdSSW voltammogram was recorded at a new drop.  

Procedure for adsorptive transfer stripping technique (AdTS, ex situ) 

DNA was adsorbed from a 5 µl sample drop onto the HMDE surface for 120 s. Then the 
electrode with an adsorbed DNA layer was washed with water and transferred into the 
background electrolyte, where the voltammetry was performed. The same procedure was em-
ployed with VAR under the same experimental conditions. The measurements were per-
formed in the absence of oxygen, by passing nitrogen through the solution for 5 minutes 
before starting the measurements.  

Alternatively, VAR and DNA were mixed, and after the selected incubation period (2–30 
min) this mixture was adsorbed from a 5 µl drop onto the HMDE. The electrode modified 
with a VAR–DNA layer was washed and transferred into the background electrolyte and the 
SW voltammogram was recorded. 

RESULTS AND DISCUSSION 

Effect of pH 

The study of the redox processes of VAR was performed in the pH range 2.0 
to 12.0 in BR buffers. VAR exhibited electrochemical activity at all the investi-
gated pH values. The voltammetric behaviour of VAR was examined using CV 
and DPV. Some representative voltammograms are presented in Fig. 1. Two re-
duction peaks (I and II) were present. Peak I was present over the whole pH 
range, and its reversibility increased with increasing pH. On the other hand, peak 
II was irreversible and not well developed. This peak appeared at negative 
potentials (–0.7 V < Ep < –1.0 V) and disappeared in neutral and alkaline media 
while the peak I attained full reversibility. 

_______________________________________________________________________________________________________________________

2012 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/
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Fig. 1. Representative CV voltammograms of 
1×10-5 mol dm-3 VAR in BR buffer: pH 2.0, 
5.0, 8.0 and 11.0. Scan rate: 100 mV s-1. 

Attention was focussed on peak I, which is the consequence of the two-elec-
tron reduction of the C=N bond in VAR to give dihydrovarenicline.9 The peak 
current increased with the increasing pH, (Fig. 2A), indicating a higher rate of 
drug adsorption at the electrode surface in neutral and alkaline media. At the 
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same time, the peak potential was shifted towards more negative potentials, and 
linearly varied from –0.3 V at pH 2.0 up to –0.96 V at pH 12.0 (Fig. 2B), proving 
that protons participate directly in the reduction process. 

 

 
Fig. 2. The influence of pH on CV peak current (A) and peak potential (B) of 1×10-5 mol dm-3 

VAR in BR buffer at different scan rates: 20 (■), 50 (●) and 100 mV s-1 (▲). 

Using a VAR concentration of 1×10–5 mol dm–3 at different pH values and 
varying the scan rate over the range 5–100 mV s–1, the voltammetric peak cur-
rent was measured. At pH < 4.0, the Ip vs. ν dependence is nonlinear, but at pH > 
> 4.0, a linear dependence was obtained, suggesting that the reduction process is 
controlled by adsorption. According to the values of the obtained slopes (Table 
I), it seems that the most pronounced adsorption of VAR at the mercury surface 
was observed at pH around 8. This means that the adsorbed form of VAR under-
goes an electrode reduction process under these conditions. 

The slope of the linear dependences of log Ip vs. log ν at pH > 4.0 increases 
and becomes equal to the theoretical value of 1.0 at pH 8.0, which is characte-
ristic for an entirely adsorption controlled processes. In addition, the small de-
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 VARENICLINE–DNA INTERACTION 1415 

crease of the slopes in the linear dependences log Ip vs. log ν at pH > 8.0 ex-
presses a weakened adsorption in highly alkaline solutions. 

TABLE I. Regression equations of the Ip = f(ν) and log Ip = f(log ν) linear dependences, in 
acid and alkaline medium 

pH Ip / µA = f(ν / V-1 s) r log Ip = f(log ν) r 

2.0 Nonlinear – log Ip = 0.483log ν – 0.269 0.997 
4.0 Nonlinear – log Ip = 0.664log ν + 0.267 0.997 
6.0 Ip = 5.740v + 0.0466 0.996 log Ip = 0.861log ν + 0.668 0.995 
8.0 Ip = 7.218ν + 0.0143 0.997 log Ip = 1.001log ν + 0.882 0.998 
10.0 Ip = 7.217ν + 0.0851 0.995 log Ip = 0.741log ν + 0.642 0.999 
12.0 Ip = 6.965ν + 0.0553 0.995 log Ip = 0.628log ν + 1.292 0.997 

Adsorptive character of the drug 

To improve the sensitivity for monitoring the accumulated drug, adsorptive 
stripping square-wave voltammetry was applied. The signal intensity of the AdSSW 
voltammetry was found to be 30 and 600 times higher than those of differential 
pulse (DP) and linear sweep (LS) adsorptive technique, respectively. The advan-
tage of the application of an SW waveform was documented by trace analysis of 
several drugs that exhibited adsorption at the electrode surface.18–21 The SW res-
ponse markedly depended on the parameters of the excitement signal. In order to 
obtain the maximum peak current, the optimum instrumental conditions (fre-
quency of 125 Hz, scan increment of 5 mV and pulse amplitude of 50 mV) were 
applied in the further work. 

Effect of accumulation time (tacc) and potential (Eacc) 

The effect of accumulation time on the peak current for 1×10–7 mol dm–3 
VAR was studied in the range from 1 to 30 s. The peak current increased with 
increasing accumulation time up to 10 s when adsorptive saturation on the mer-
cury electrode surface was finally achieved. Under such conditions, interactions 
among the drug molecules in the adsorbed state became noticeable and the peak 
current commenced to decrease slightly. Hence, accumulation times longer than 
10 s are required for work with an electrode surface covered with a VAR layer 
(Fig. 3A). 

The potential range of –0.1 to –0.8 V was examined for 1×10–7 mol dm–3 
VAR after a pre-concentration time of 10 s, to define the optimal accumulation 
potential. The highest current peak was obtained with a deposition potential of 
–0.4 V at pH 5.0 and –0.6 V at pH 8.0 (Fig. 3B). The observed gradual decrease 
in peak current intensity may be the consequence of desorption of the drug at 
much higher or lower potentials compared to the potential of zero charge, when 
the maximum adsorption of uncharged organic molecules is expected. 
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Fig. 3. The influence of (A) accumulation time 
(tacc) and (B) accumulation potential (Eacc) on 
the AdSSWV current peak for 1×10-7 mol dm-3 
VAR in BR pH 5.0 (■) and 8.0 (●) (B: tacc = 
= 10 s). 

Effect of the drug concentration 

Applying AdSSW voltammetry under the chosen optimal conditions for VAR 
concentrations above 10–7 mol dm–3, the peak height increased linearly up to 
4×10–7 mol dm–3, and then slightly decreased. Simultaneously, the peak potential 
was almost constant (Fig. 4). 

This behaviour suggests that with increasing concentration, the electrode 
surface reaches its full coverage, and it can be assumed that at a VAR bulk con-
centration above 5×10–7 mol dm–3, a monolayer is completely formed and only 
the adsorbed VAR molecules undergo electron transfer processes. The CV res-
ponse involving only the adsorbed species is characterized by symmetric catho-
dic and anodic peak shapes, which are noticeable in Fig. 1. The relative position 
of cathodic and anodic peaks depends on the relative adsorption energies of the 
oxidized and reduced species, and the corresponding peak current is given by: 
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where n represents the number of electrons transferred in a reversible electrode 
reaction, A is the electrode surface area and Γ is the surface coverage in moles of 
adsorbed molecules per surface area. Applying this equation to the results ob-
tained for the CV curves of 1×10–5 mol dm–3 VAR two electron reduction at pH 
8.0, the amount of electroactive specie on the surface was evaluated, and the 
experimental surface coverage was found to be Γ = 1.03×10–10 mol cm–2. To check 
whether this corresponds to a monolayer, the theoretical surface coverage was es-
timated by considering the varenicline molecule as a rectangle with an area of 1.5 
nm2 (0.75 nm×2 nm corresponding to the bond lengths22). A dense arrangement 
of these molecules should lead to a coverage of Γ = 1.107×10–10 mol cm–2. This 
confirms that in the limit of the approximations made, the electrode was covered 
with a monolayer of varenicline. 

 

 
Fig. 4. Dependence of the AdSSWV peak potential (A) and current (B) on the 

VAR concentration in BR buffer at pH 8.0. 
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VAR–DNA Interaction 

For the study of VAR–DNA interaction, DNA was pre-incubated with VAR 
in equal concentrations for different incubation periods. After this incubation pe-
riod, the HMDE was modified with this mixture and the interaction was studied 
by comparing the obtained voltammogram with the signals obtained for HMDE/  
/VAR and HMDE/DNA modified electrodes under the same conditions. The con-
ditions pH (pH 7.0), ionic strength (5×10–2 mol dm–3 NaCl), concentrations (20– 
–100×10–6 mol dm–3), and incubation time (2–30 min) were selected in order to 
ensure that both components are fully adsorbed at the electrode surface. After the 
incubation period, SWV measurements were performed using the adsorptive 
transfer stripping technique (AdTS).  

The usual reduction and subsequent oxidation and electron transfer reactions 
characteristic for both components are shown in Fig. 5. The reversible reduction 
peak at –0.654 V corresponds to the two-electron reduction of VAR (curve 1, 
peak V), while DNA produces a cathodic peak at –1.426 V due to the reduction 
of adenine and cytosine (curve 2a, peak A/C) and an anodic peak of re-oxidized 
guanine at –0.253 V (curve 2b, peak G) after its reduction at extremely negative 
potentials. 

After the incubation of VAR and DNA, the obtained voltammogram showed 
changes in the peak heights and potentials (curves 3a and 3b). All peak currents 
decreased, and the VAR peak potential was shifted to a more positive potential. 
This indicates that VAR and DNA interact and that the ds-DNA structure can be 
distorted as a result of subtle damage by this drug. 

The changes in the current responses caused by VAR–DNA interaction were 
expressed as normalized peak currents: V (%), A/C (%), and G (%) using Eqs. 
(2)–(4): 

 V (%) = 100Ip,V/Ip0,V (2) 
 A/C (%) = 100Ip,A/C/Ip0,A/C (3) 
 G (%) = 100Ip,G/Ip0,G (4) 

where Ip,V, Ip,A/C and Ip,G and Ip0,V, Ip0,A/C and Ip0,G are the peak currents of 
varenicline, adenine/cytosine and guanine after and before interaction, respecti-
vely. The obtained results are summarized in Table II. The normalized peak cur-
rent of both compounds decreased after incubation.  

The phenomenon of a change in the nature of the interaction from electro-
static to intercalative with increasing ionic strength was reported.23 According to 
this study, the formal potential shift in the negative direction at low ionic strengths 
shows that the behaviour of the ds-DNA on the electrode surface was dominated 
by electrostatic interactions, while the formal potential shift in the positive direc-
tion at higher ionic strengths indicates intercalative interactions. 
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Fig. 5. AdTSSW voltammograms of: 1×10-5 mol dm-3 VAR (1 - - -), ds-DNA (2a, 2b ···) and 

VAR–DNA mixture (3a, 3b ─). The compounds were adsorbed from 0.05 mol dm-3 NaCl 
with 0.002 mol dm-3 phosphate buffer, pH 7.0, for tacc = 120 s, Eacc = OCP. The HMDE with 

adsorbed layers of (1), (2) or (3) were transferred to the blank background electrolyte 
0.3 mol dm-3 ammonium formate/sodium phosphate buffer, pH 6.86 and the SW 
voltammograms were recorded (frequency 25 Hz, amplitude 200 mV, potential 

range from 0 to –1.85 V). A) cathodic; B) anodic peaks. 

The formal potential shift can be expressed as: 

 Red0' 0'0'
surf sol

Ox
Δ ln

RT K
E E E

nF K
= − =  (5) 

where 0'
surfE  and 0'

solE  represent the formal potentials of the redox species immo-
bilized on the electrode surface and in the solution, and KRed and KOx are the 
surface-binding constants for the reduced and oxidized forms of the redox spe-
cies, respectively. In the case of VAR, which undergoes a reversible, two-elec-
tron transfer at relatively high ionic strength (0.05 mol dm–3), the ratio of KV,Red/  
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/KV,Ox was estimated and is presented in Table II. These results indicate that the 
reduced form of VAR interacts with the ds-DNA on the modified electrode 
surface more strongly (3–14 times, depending on the incubation period) than the 
oxidized form. This behaviour is characteristic of intercalative interactions.23 The 
shift in VAR peak potential, Ep, towards more positive potentials after VAR–
DNA incubation supports this hypothesis. 

TABLE II. The VAR–DNA interaction expressed by normalized values of the SW voltam-
metric responses, change in the peak potential, and surface binding constants ratio 

Peak Ep / V 
100Ip/Ip0 ΔEp / V KV,Red/KV,Ox 

tinc / min 

10 30 10 30 10 30 
V 
A/C 
G 

–0.654 
–1.426 
–0.253 

74.9 
31.0 
72.5 

31.1 
6.95 
68.7 

34.0 
– 
– 

15.0 
– 
– 

14.0 
– 
– 

3.0 
– 
– 

CONCLUSIONS 

The novelty of these investigations is based on the adsorption effects of VAR 
at a mercury surface, which enables the application of AdSSW voltammetry for 
studying the redox processes of VAR in the adsorbed state. The obtained values 
of surface coverage and accumulation potential and time were used to determine 
the conditions under which VAR is fully adsorbed at the electrode surface. 

Association interaction of calf thymus ds-DNA with VAR at the modified 
HMDE was investigated. At room temperature and selected ionic strength, subtle 
DNA damage in the direct DNA–VAR interaction was observed, suggesting in-
tercalation as the type of the interaction. The results lead to the conclusion that 
the toxicity of the investigated drug could be caused by this interaction. This 
study used simple electroanalytical methodology and showed the potential use of 
a DNA/HMDE biosensor for investigation of genotoxic effects. 
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ЕЛЕКТРОХЕМИЈСКО ИСПИТИВАЊЕ АДСОРПЦИЈЕ И 
ИНТЕРАКЦИЈЕ ВАРЕНИКЛИНА И ДНК 
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1Универзитет у Београду, Фармацеутски факултет, Катедра за аналитичку хемију, Војводе Степе 
450, 11000 Београд и 2Унивезитет у Београду, Фармацеутски факултет, Катедра за 

физичку хемију и инструменталне методе, Војводе Степе 450, 11000 Београд 

Електрохемијско понашање варениклина, новог парцијалног агонисте α4β2 нико-
тинског рецептора, који се користи за одвикавање од пушења, испитано је цикличном, 
диференцијално пулсном и волтаметријом правоугаоних таласа у Бритон–Робинсоно-
вом пуферу (pH 2,0–12,0). На основу утицаја pH, брзине промене потенцијала, концен-
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 VARENICLINE–DNA INTERACTION 1421 

трације, потенцијала и времена акумулације на висину и положај пика, закључено је да 
је процес редукције у алкалној средини контролисан адсорпцијом варениклина. Кориш-
ћењем експериментално добијене вредности површинске запоседнутости, Γ = 1,03×10-10 
mol cm-2, одређени су услови под којима је варениклин потпуно адсорбован на повр-
шини електроде. Имајући у виду могућу високу токсичност варениклина, с обзиром на 
присуство хиноксалинског прстена у структури, претпостављено је да варениклин ин-
терагује са ДНК када су оба молекула адсорбована на модификованој живиној елек-
троди. Ова интеракција је испитана коришћењем „адсорптивне трансфер технике“ и 
примећене су промене потенцијала и смањење нормализованих струја волтаметријских 
пикова. На основу израчунате вредности односа константи везивања закључено је да се 
редуковани облик варениклина јаче везује за ДНК од оксидованог. Претпостављено је да 
директна варениклин-ДНК интеракција на собној температури доводи до извесног оште-
ћења ДНК и да је тип интеракције – интеркалација. Ова једноставна електроаналитичка 
методологија могла би наћи примену у виду потенцијалног биосензора за испитивање 
генотоксичних ефеката. 

(Примљено 20. априла, ревидирано 10. јула 2012) 

REFERENCES 

1. J. W. Coe, P. R. Brooks, M. G. Vatelino, J. Med. Chem. 48 (2005) 3474 
2. R. M. Rajurkar, V. A. Agrawal, S. S. Thonte, R. G. Ingate, Pharmacophore 1 (2010) 65 
3. B. Satheesh, S. Kumarpulluru, V. Raghavan, D. Saravanan, Acta Chromatogr. 22 (2010) 

207 
4. A. A. Kadi, M. S. Mohamed, M. G. Kassen, I. A. Darwish, Chem. Cent. J. 5 (2011) 30 
5. Methods of Reducing Degradant Formation in Pharmaceutical Compositions of Vareni-

cline, http://www.freepatentsonline.com/y2008/0026059.html (accessed January 2012) 
6. Varenicline Standards and Impurity Controls, http://www.freepatentsonline.com/  

/US2007/0224690.html (accessed September 2011) 
7. F. R. Busch, P. E. Concannon, R. E. Handfield, J. D. McKinley, M. E. McMahon, R. A. 

Singer, T. J. Watson, Synth. Commun. 38 (2008) 441 
8. H. M. Faessel, B. J. Smith, M. A. Gibbs, J. S. Gobey, D. J. Clark, A. H. Burstein, J. Clin. 

Pharmacol. 46 (2006) 991 
9. M. M. Aleksić, V. Radulović, N. Lijeskić, V. Kapetanović, Curr. Anal. Chem. 8 (2012) 

133 
10. J. Labuda, M. Fojta, F. Jelen, E. Paleček, in: Encyclopaedia of Sensors, Vol. 3, E.-F. C. 

A. Grimes, E. C. Dickey, M. V. Pishko, Eds., American Scientific Publishers, Valencia, 
USA, 2006, p. 201 

11. J. Wang, in Electrochemistry of Nucleic Acids and Proteins. Towards Electrochemical 
Sensors for Genomics and Proteomic, E. Paleček, F. Sheeller, J. Wang, Eds., Elsevier, 
Amsterdam, The Netherlands, 2005, p. 175 

12. M. Fojta, Electroanalysis 14 (2002) 1449 
13. F. Lucarrelli, G. Marrazza, A. P. F. Turner, M. Mascini, Biosens. Bioelectron. 19 (2004) 515 
14. K. J. Odenthal, J. J. Gooding, Analyst 132 (2007) 603 
15. E. Palecek, M. Fojta, Anal. Chem. 73 (2001) 74A 
16. E. Palecek, Electroanalysis 8/1 (1996) 7 
17. D. D. Perrin, B. Dempsey, Buffers for pH and Metal Ion Control, Chapman and Hall, 

London, UK, 1974, p. 155 

_______________________________________________________________________________________________________________________

2012 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/



1422 RADULOVIĆ, ALEKSIĆ and KAPETANOVIĆ 

18. M. M. Ghoneim, A. M. Beltagi, Talanta 60 (2003) 911 
19. A. H. Al-Ghamdi, O. M. Al-Ghamdi, M. A. Al-Omar, Anal. Lett. 41 (2008) 90 
20. S. A. Ozkan, Curr. Pharm. Anal. 5 (2009) 127 
21. M. Aleksić, V. Kapetanović, J. Electroanal. Chem. 593 (2006) 258 
22. Handbook of Chemistry and Physics, 87th ed., D. R. Lide, Ed., CRC Taylor and Francis 

Group, Boca Raton, USA, 2006–2007, pp. 9–1 
23. D. W. Pang, H. D. Abruna, Anal. Chem. 70 (1998) 3162. 

_______________________________________________________________________________________________________________________

2012 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




