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Abstract The interaction between vitamin B1 and DNA was studied with differential pulse voltam-

metry (DPV) at the bare and DNA modified MWCNTPE. The differential pulse voltammograms of

vitamin B1 showed that peak potentials shifted to a more negative value and peak currents

decreased with the addition of DNA, indicating the dominance of electrostatic interactions. The

combining constant (b) and combining number (m) of DNA–mVB1 were determined too. The work

has been supplemented by an UV spectral study.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Vitamins are an essential group of food ingredients which have
to be supplied in sufficient amounts with diet. Vitamins are a
broad group of organic compounds that are minor, but essen-

tial constituents of food required for normal growth, self
maintenance and functioning of human and animal bodies
( Poongothai et al., 2010). Vitamin B1 (Scheme 1) contains

pyrimidine and a thiazole ring. It performs important bio-
chemical functions as a coenzyme thiamine pyrophosphate
(TPP) which is involved in energy metabolism. Vitamin B1

(VB1) is one of the eight vitamins that make up the powerful

group called the vitamin B complex. It plays a major role in
the good health of the body as well as in sound mental health
(Akyilmaz et al., 2006; Zhang et al., 2010; Markopoulou et al.,
2002).

The investigation of DNA interactions (Lu et al., 2000;
Radi, 2010; Wang et al., 2003; Dogan-Topal and Ozkan,
2011; Liping et al., 2006; Raufa et al., 2005; Yaheng et al.,

2008; Nawaz et al., 2006; Brahman et al., 2012) with small
molecules is an important fundamental issue on life science,
which is of great importance to understand the action mecha-
nisms of some anti-tumour and anti-viral drugs. The interac-

tion of DNA with small molecules can cause the change of
conformation as well as the charge distribution state of
DNA. Carbon nano tube paste electrodes (CNTPE) have ac-

quired greater importance in the field of electrochemistry due
to their low residual current and less noise and because they
are very economic and easy to prepare and replace.

In this work, electrochemical data are reported on the
interaction between vitamin B1 andDNA, obtained by applying
cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) at multiwalled carbon nanotube paste electrode. The

results suggest that the principal interactions between vitamin
B1 and DNA are cooperative and dominant of electrostatic
nature.
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Figure 1 Differential pulse voltammograms of 6.66 · 10�5 M

DNA in acetate buffer of pH 6.3 at MWCNTPE, scan rate

50 mVs�1, current range 10 lA and pulse amplitude 50 mV.
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Scheme 1 Chemical structure of vitamin B1.
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2. Experimental

2.1. Chemicals and reagents

All reagents were of AR grade purchased commercially. Calf
thymus DNA and vitamin B1 of Himedia Ltd. Mumbai were
used. Solutions were prepared using double distilled water.

Stock standard solution of vitamin B1 was prepared in double
distilled water.

2.2. Apparatus

All voltammetric experiments were performed with a X Metr-
ohm model 797 VA Computrace (ion analyzer, Switzerland.)

through electrochemical software version 3.1. A three-elec-
trode cell was employed incorporating a working MWCNTPE,
an Ag/AgCl (saturated KCl) reference electrode and a plati-

num wire counter electrode. A Systronics digital lpH meter
model-361 was used for pH measurements. All experiments
were performed at room temperature and the dissolved oxygen

was removed by passing pure nitrogen through the solutions.
A double beam UV–vis spectrophotometer (Elico-SL-164)
was used to measure absorbance of vitamin B1 solutions.

2.3. Preparation of multiwalled carbon nanotube paste electrode

The MWCNTPE was prepared by mixing MWCNT powder,

graphite powder and high viscosity paraffin (den-
sity = 0.88 g cm�3) from Sigma Aldrich in a ratio of
10:60:30% (w/w) in a mortar. A portion of the resulting paste

was then placed in the bottom of a Teflon well. The electrical
connection was implemented by a copper wire lead fitted into
the Teflon well. The surface of the resulting paste electrodes
was smoothened on a weighing paper and rinsed carefully with

distilled water. The polished electrode was pretreated at the
optimized potential of +1.80 V vs. Ag/AgCl for 5 min for elec-
trochemical activation of electrode surface. Pretreatment was

carried out in 0.2 M acetate buffer solution (pH 4.80) contain-
ing 20 mM of NaCl without stirring.

2.4. Fabrication of ds-DNA modified MWCNTPE

MWCNTPE was polished to a mirror-like surface with 1.0, 0.3

and 0.05 lm alumina slurry on micro cloth pads, and sonicated
in ethanol and water. The freshly pretreated MWCNTPE was
modified by attaching �0.2 ml of DNA stock solution
(0.001 M) was dropped onto the surface of the electrode, also
followed by drying at room temperature for 6 h. Finally, it was

soaked in double distilled water for more than 3 h to remove
unabsorbed ds-DNA.

3. Results and discussion

3.1. Electrochemical behaviour of DNA at MWCNTPE

When a solution of DNA (6.66 · 10�5 M) in 0.2 M acetate buf-
fer of pH 6.3 ± 0.01 was electrolysed using MWCNTPE, it

produced two oxidation peaks (Fig. 1) at +0.75 and +1.09 V
respectively. The peak current was found to be proportional
to DNA concentration in the analyte. The first peak at

+0.75 V may be due to the oxidation of guanine and second
peak at +1.09 V is due to the oxidation of adenine site of
DNA molecule. Significantly ds-DNA did not produce any

reduction peak under the given conditions.

3.2. Electrochemical characterization of MWCNTPE modified
by ds-DNA

Fig. 2 presents the cyclic voltammogram (CV) of MWCNTPE
and ds-DNA–MWCNTPE in 3.0 · 10�3 M K3[Fe(CN)6] solu-

tion containing KCl supporting electrolyte. As DNA adsorbed
on the MWCNTPE and DNA were both negatively charged,
showed a repellence towards [Fe(CN)6]

4�, leading to a decrease

of peak currents on ds-DNA–MWCNTPE. These electrochem-
ical behaviours indicated that the electrode surface had been
covered with DNA. After a number of sweeps, CV of ds-

DNA–MWCNTPE in K3[Fe(CN)6] solution was almost un-
changed, indicating its good structural stability.

3.3. Electrochemical behaviour of vitamin B1 on ds-DNA–
MWCNTPE

Fig. 3 shows the DPV curves of MWCNTPE and ds-DNA–

MWCNTPE in 1.0 · 10�4 M VB1 and 0.2 M acetate buffer
solutions with pH value 6.3. As can be clearly seen, there is a
reduction peak at�1.42 V onMWCNTPE, while the reduction

peak current decreased significantly on ds-DNA–MWCNTPE.
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Figure 2 CVofMWCNTPE (curve a) and ds-DNA–MWCNTPE

(curve b) in 3.0 · 10�3 M K3[Fe(CN)6] solution containing 0.2 M

acetate buffer; scan rate 50 mVs�1.
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Figure 3 Curve (1) differential pulse voltammograms of

1.0 · 10�4 M vitamin B1 at bare MWCNTPE in 0.2 M acetate

buffer (pH 6.3 ± 0.01), curve (2) DPV of 1.0 · 10�4 M vitamin B1

at DNA modified MWCNTPE, pulse amplitude 50 mV, scan rate

50 mVs�1, current range 10 lA.

Figure 4 DPV of 1.0 · 10�4 M of vitamin B1 in the absence (1)

and the presence of (2) 6.6 · 10�5 M (3) 1.33 · 10�4 M (4)

2.0 · 10�4 M (5) 2.66 · 10�4 M DNA in 0.2 M acetate buffer of

pH 6.3 at MWCNTPE, pulse amplitude 50 mV, scan rate

50 mVs�1, current range 10 lA.
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The evident difference in current intensity demonstrated the
existence of the interaction between DNA and VB1. It is consid-
ered that the only reason is the formation of the electrochemical

inactive super molecular complex as demonstrated by using the
electrochemical method.

3.4. Interaction of vitamin B1 with DNA in solution

After studying the electrochemical behaviour of vitamin B1 at
the MWCNTPE, we have been able to study its interaction

with DNA. For the said purpose experimental sets of solutions
were prepared by taking a fixed concentration of 1.0 · 10�4 M
vitamin B1 in 0.2 M acetate buffer of pH 6.3, and varying the

concentration of DNA from 6.66 · 10�5 M to 2.666 · 10�4 M.
The reduction of vitamin B1 was investigated for each set.
Fig. 4 shows DPV with and without adding DNA into vitamin

B1 solution. The peak current decreases and peak potential
was shifted towards a more negative value of the applied po-
tential with the increase of DNA concentration. Probably, this
current decrease can be ascribed to the DNA–VB1 complexa-

tion in the ‘‘bulk’’ solution. Bard et al. reported that positive
peak potential shifts of intercalators were observed in the bind-
ing form via hydrophobic interactions (intercalation) while

electrostatic interactions led to negative shifts.
After interaction with different concentrations of DNA, the

peak current of vitamin B1 attached to electrodes is plotted as

a function of the concentration of DNA (Fig. 5).The magni-
tude of the peak current decreased sharply with the concentra-
tion of DNA.When the value of [DNA] reaches to 1.0 · 10�4 M
the decrease in peak current becomes slight. At 1.6 · 10�4 M

DNA, the current becomes saturated and remains constant
indicating that all the accessible VB1 attached to the electrode
surface were bound to DNA completely. This illustrates that

VB1 attached to the electrode interacts with DNA quantita-
tively, and the interactive equilibrium is reached at the
[DNA] value of 1.5 · 10�4 M.

3.5. The binding constant and the binding number between DNA

and VB1 on MWCNTPE

There are three models of binding of small molecules to DNA
double helix viz., intercalative binding, groove binding and
electrostatic binding. Bard et al. have reported the negative

shift and positive shift in the peak potential for electrostatic
and hydrophobic (intercalation) interactions between a ligand
and DNA. A negative shift in the peak potential of vitamin B1

was observed in the presence of DNA indicating the presence
of electrostatic interactions.

The binding constant (b) and the binding number (n) be-

tween DNA and VB1 were calculated according to the literature
(Liping et al., 2006; Yaheng et al., 2008;Nawaz et al., 2006). Un-
der the assumption that VB1 and DNA formed the compounds
DNA–nVB1, the following equilibrium equation existed.

DNAþ nVB1 ! DNAðVB1Þn

The equilibrium constant is

b ¼ ½DNA� nVB1�=½VB1�n½DNA�
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Figure 7 UV spectra of (1) 2.0 · 10�4 M vitamin B1,

(22.0 · 10�4 M ds-DNA and (3) mixture of ds-DNA–vitamin B1

(2.0 · 10�4 M: 2.0 · 10�4 M).

Figure 5 Relationship between peak current and concentration

on addition of DNA in acetate buffer (pH = 6.3).
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and the following equation can be deduced:

log½DI=DImax � DI� ¼ log bþ n log½DNA�

where DI is the difference in peak current in the presence and

absence of DNA and DImax corresponds to the obtained value
when the concentration of VB1 is extremely higher than that of
DNA. If DNA interacts with vitamin B1 to form a single com-

plex, then the plot of log [DI/DImax � DI] versus log[DNA]
(Fig. 6) shows linearity. The values of binding constant and
binding ratio are obtained from intercept and slope, respec-

tively and these values are found to be 5.097 M�1 and 2.

3.6. Spectroscopic evidence of the interaction between DNA and
VB1

UV–vis spectroscopic techniques have often been used to study
the drug–DNA interaction mechanism.(Liping et al., 2006;

Yaheng et al., 2008; Shankara et al., 2009) Fig. 7 shows the
UV spectra of vitamin B1 (curve 1), DNA (curve 2) and
VB1–DNA (curve 3). DNA has an absorption peak at about

260 nm. Vitamin B1 has two absorption peaks at about 230
and 270 nm, respectively. Having interacted between DNA
and vitamin B1, one big absorption peak has been observed

at about 265 nm, which ascribes to the combination of DNA
and vitamin B1. Therefore, it could be concluded that vitamin
Figure 6 The relationship between [DI/DImax�DI] and log[DNA]

at MWCNTPE in 0.2 M acetate buffer solution (pH 6.3 ± 0.01) in

the absence and the presence of DNA.
B1 interacts with DNA. The result is consistent with that from
electrochemical study.

4. Conclusion

This paper investigated the interaction of vitamin B1 with
DNA by electrochemistry and UV spectral study. From the
electrochemical and UV–vis spectral studies, it was inferred

that an electrochemical inactive complex DNA–nVB1 was
formed. The binding constant of this complex was calculated
to be 5.097 M�1, and the binding number was determined to

be 2 between DNA and vitamin B1. The results indicate the
electrostatic interaction between DNA and vitamin B1.
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