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The electrochemical behavior of the interaction of furazolidone (Fu) with bovine serum albumin (BSA) was
investigated by cyclic voltammetry and differential pulse voltammetry at a glassy carbon electrode. Fu shows
an irreversible reduction at −0.34 V in pH 4.0 Britton–Robinson buffer (B–R) buffer–10% DMF solution. After
the addition of BSA into the Fu solution, the reductive peak currents decreased without any significant shift of
the peak potential and the appearance of new peaks. The electrochemical parameters of the interaction
systemwere calculated in the absence and presence of BSA. This electrochemical method was further applied
to the determination of BSA samples and the results were in good agreement with the traditional cellulose
acetate electrophoresis. The linear dynamic range was between 10.0 and 80.0 mg l−1. The detection limit was
7.6 mg l−1 and the recoveries were obtained from 97.0% to 104.0%.

© 2009 Published by Elsevier B.V.

1. Introduction

Bovine serum albumin (BSA) is a single-chain 582 amino acid
globular nonglycoprotein cross-linked with 17 cystine residues
(8 disulfide bonds and one free thiol). As most abundant proteins,
BSAplays an important role in the transport and deposition of a variety
of endogenous and exogenous ligands in blood. BSAhas awide range of
physiological functions involving the binding, transport, and delivery
of fatty acids, bilirubin, porphyrins, thyroxine, tryptophan and steroids
[1–4]. It is home to specific binding sites for metals, pharmaceuticals,
and drugs. The binding ability on the interaction of drug with protein
will significantly affect the apparent distribution volume of the drugs
and also affect the elimination rate of drugs in most cases.

A key process in the development of new drugs is elucidation of the
nature of the interaction between the drug molecule and the target
protein. Such knowledge then makes it possible to make systematic
structuremodificationsof the drugmolecule to optimize the interaction.

There are a variety of techniques currently available for obtaining
information about drug–protein interactions such as the measure-
ment of kinetics and binding affinities. Two traditional methods, X-ray
diffraction and NMR spectroscopy, employed to obtain structural
information of proteins and drug–protein complexes. Both of these
methods have disadvantages: X-ray diffraction requires the prepara-
tion of a crystal, which can be time consuming or even impossible;
and NMR spectroscopy is not easily applied to larger proteins of
more than a few hundred amino acids. Other analytical techniques
that can be applied to proteins in solution are spectrophotometry,
chemiluminescence, resonance light scattering [5–8].

Compared with spectroscopic methods, electrochemical assay is
simple, easily implemented, and has low-cost and fast response. On the
other hand, the interpretation of electrochemical data can contribute to
elucidation of the interaction of drug with biomolecules. Li et al. [9–11]
had studied the interaction of DNA with some electrochemical active
compounds, such as 9,10-anthraquinone or porphyrins. However, by
comparison with other techniques, the electrochemical methods have
been still largely overlooked.

The drug furazolidone (Fu) belongs to the group of nitrofuran
antibacterial agents, which has been widely applied as a feed additive
in food-producing animals such as cattle, swine, poultry, and cultured
fish and shrimps and for prophylactic and therapeutic treatment of
diseases causally linked to bacteria or protozoa [12]. Furazolidone
forms protein-bond metabolite in vivo [13] leading to a significant
decrease in plasma levels of the parent compound [14] and may
persist for considerable periods in the tissue of animals after
treatment. Although the use of furazolidone is prohibited in numerous
countries, there are indications of its illegal use. At present, available
data concerning the identity and toxic potential of compounds
released from bound furazolidone residues are still insufficient [15].

Investigations of metabolism of radioactive labeled furazolidone
had shown that the drugwas able to form tissue-bound residues. These
metabolites included an intact side-chain that could act as marker
residues for furazolidone—namely 3-amino-2-oxazolidone [14]. This
marker can be released by mild acid hydrolysis. It was found that the
interaction of Fu with BSA could be studied by the voltammetric
method according to the changes of peak current of the Fu–BSA
reaction in a relatively acidic solution. Thus in this paper electro-
chemical studies of the interaction of Fu in the presence of BSA at the
glassy carbon electrode are reported. In our previousworks [16–18]we
have reported the voltammetric behavior of nitro radical formation of
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Fu and its kinetic parameters. In continuation of our interest in the
electrochemistry of biological active organic compounds [16–20], we
developed an electrochemical method as a sensitive and convenient
technique for investigation of binding mechanism between Fu and
BSA. Additionally this electrochemical behavior was applied to the
determination of BSA.

2. Experimental

2.1. Reagent

Bovine serum albumin (BSA, Sigma) was commercially purchased
and accepted for use without further purification. The 1.0 g l−1 stock
solution of BSAwas prepared by directly dissolving it in twice distilled
water and was stored at 4 °C. The working solutions were obtained by
diluting the stock solution with water. Furazolidone was obtained
from Sigma. Stock solutions were prepared by dissolving the
appropriate amount of Fu in B–R buffer (pH 4.0)–10% DMF solution.
A stock B–R buffer solution 0.04 M with respect to boric, ortho-
phosphoric and acetic acid was used to control the pH of solutions
tested. All other reagents used were of analytical reagent grade.

2.2. Apparatus

Electrochemical measurements were carried out with Metrohm
model 746 VA trace analyzer connected to a 747 VA stand. Theworking
electrode was a glassy carbon electrode (GCE) (2 mm diameter).
Before use the working electrode was sequentially polished with
graded 10 μM alumina powder, and rinsed with doubly distilled water.
A platinum wire and a commercial saturated Ag/AgCl from Metrohm
were used as the auxiliary and reference electrodes respectively. The
scan rate in cyclic voltammetry was 100mV s−1, with exception of the
experiments in which the influence of this variable was studied. All
solutions were purged with pure nitrogen for 10 min before the
voltammetric runs.

3. Results and discussion

3.1. Electrochemical behavior of Fu

Fu is an electrochemically active nitro compoundwith a nitro group
in its molecular structure, so it can be easily reduced at the glassy
carbon electrode.

In our previous reports, we showed that voltammetric reduction of
nitro group depends significantly on the solvent system and pH of
medium [16–18]. In protic media (low percent of DMF and acidic pH
media) Fu is reduced at two reductive potentials at −0.34 and −1.25 V

due to the following well known mechanism for aromatic nitro
compounds.

RNO2 þ 4e þ 4H
þ→RNHOH þ H2O ð1Þ

RNHOH þ 2e þ 2H
þ→RNH2 þ H2O ð2Þ

However, in this work our current interest is devoted to the study of
the interaction of BSA with first reductive peak (0.34 V) corresponding
to the reduction of nitro group to hydroxylamine derivatives. Fig. 1
shows the differential pulse voltammograms of Fu in the absence and
presence of BSA at glassy carbon electrode in B–R buffer (pH 4.0)–10%
DMF solution. On the addition of BSA, a decrease in the cathodic peak
current without any significant shift in peak potential was observed.
Two factors may be considered for decreasing of the reductive peak
current. First, is the competitive adsorption between the Fu and BSA on
the GCE and second, the formation of electroinactive complex without
the changes of electrochemical parameters. The competitive adsorption
factor can be excluded by recording cyclic voltammogram of Fu in the
excess of BSA. The peak current of Fu did not disappear completely with
the increase of the concentration of BSA, whichwas not the character of
competitive adsorption. The interaction of some biomolecules such as
hemoglobin, albumin andDNA showed that in such lower concentration
of protein and shorter accumulation time, the coverage of electrode
surfacewasonlyaccounted for about10%of the total areaof electrode, so
the competitive absorption between small molecules with protein can
hardly exist [9,21]. Thus the decrease in the peak current without any
changes in electrochemical parameters is a good indication of BSA.Fum
electroinactive complex formation (m is Hill coefficient), which results
in the decrease of equilibrium concentration of Fu in solution.

The multi-sweep cyclic voltammograms of BSA.Fum in B–R buffer
(pH 4.0)–10%DMF solution at the glassy carbon electrode indicated that
the cathodic peak current decreases in second cycle, which means that
thepeak current had adsorption behavior. The effect of scan rate onpeak
current showed that the plot of current vs. υ is linear for a limited short
scan rate, indicating that electrochemical process virtually belongs to an
adsorption-controlled process. However, the process is also diffusion-
controlled due to the linear plot of peak current versus υ1/2 at higher
scan rates (υN300 mV s−1) [22–24]. From the observed experiments it
can be concluded that the electrochemical process virtually belongs to a
mixture of diffusion–adsorption-controlled process, depending on the
scan rate.

Fig. 1. The differential pulse voltammograms of (a) pH 4.0 B–R buffer–10% DMF
solution, (b) 1.0 mM Fu in the absence and (c) 1.0 mM Fu in the presence of 60 mg l−1

BSA at glassy carbon electrode.

Fig. 2. Cyclic voltammograms of 1.0 mM Fu at various scan rates. Inset right, the linear
plot of Ep vs. υ (y=−0.2953x–0.3355, R2=0.981). Inset left, the linear plot of Ep vs. ln
(υ/V s−1) (y=−0.0138x–0.3932, R2=0.979). pH 4.0 B–R buffer–10% DMF solution at
glassy carbon electrode. Scan rates: 20, 40, 50, 60, 70, 80, and 90 mV s−1.

27L. Fotouhi et al. / Bioelectrochemistry 77 (2009) 26–30



Download English Version:

https://daneshyari.com/en/article/1267330

Download Persian Version:

https://daneshyari.com/article/1267330

Daneshyari.com

https://daneshyari.com/en/article/1267330
https://daneshyari.com/article/1267330
https://daneshyari.com

