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ABSTRACT

Voltametric behaviour of metronidazole was studied in Britton Robinson buffer system at
composite polymer membrane working electrode. Cyclic voltammetric method has been developed for
the determination of drug in pharmaceutical formulation. A well-defined cathodic peak was observed
for the metronidazole in the entire pH range. The current increases steadily with diffusion scan rate and
concentration. The results indicate that the process is irreversible and diffusion controlled. This composite

film showed good current response.
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INTRODUCTION

Nitroimidazole derivatives contain toxic
selectivities to anaerobic micro-organisms?. The
most important derivatives contain the 5-
nitroimidazole nucleus with substituints at the N1
position of the heterocyclic aromatic ring?2.
Metronidazole [1-(2-hydroxyethyl)2-methyl-5-
nitroimidazole] has been used as a therapeutic drug
for at least 30 years. The reduction of the
nitroimidazoles is a complex process, involving 6
electrons for complete reduction of the nitro group

.
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In voltammetric studies of nitroimidazole
derivatives’™®, two reduction waves were observed
in aqueous acid medium. The first one is due to the
nitro group reduction to hydroxylamine and the last
one to the subsequent reduction to the amine
derivative. Generally the E,, values for the nitro
group reduction change with the lateral chain at the
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to the amine derivative® (Scheme-A). Under
anaerobic conditions or low oxygen pressure, the
reduction process is similar to that observed for
nitrobenzene*. The reduction mechanism for several
aromatic and heterocyclic nitrocompounds was
presented by Zuman and co-workers®.

A total of two electrons and two protons is
involved in the formation of the nitroso (R-NO)
intermediate, two more electrons and protons result
in the hydroxylamine(R-NHOH)E:
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N1 position of the heterocyclic ring*°. Some
compounds showed only one reduction wave
involving six electrons in alkaline medium. The
polarographic behaviour of metronidazole was
initially reported to be similar in neutral (pH 7.3)
and acid medium, with E., = -0.34 and -0.92 V vs.

1/2
SCE. Later, Leach and co-workers* observed only
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one cathodic wave for metronidazole with E,, = -
0.465 V in the same buffer solution of pH 7.3. For
ornidazole two waves were also reported in acid
and neutral medium with disappearance of the
second cathodic wave on increasing pH. Zuman and
co-workers*? showed that the E,,, for the first
reduction step of nitrocompounds is shifted to more
negative potentials with increasing pH. This change
in the E,,, values occurs both in agueous medium
and solutions with different percentages of organic
solvents. These shifts were attributed to an acid-
base pre-equilibrium followed by the first electron
transfer to form the nitro radical. Voltammetric
methods have been applied to the study of the
mechanism of nitroimidazoles as antimicrobial
agents'®, and its determination in pharmaceutical**
% and clinical*®'” matrices. The mercury electrode
was the most used, but good results were obtained
using solid electrodes when studying nitrobenzene!®
and metronidazole'®. Barety and co-workers?°
observed the stabilization of the nitro radical
(R-NO,) by using cyclic voltammetry in non agueous
medium (dimethylsulfoxide). This species may be
responsible for the observed DNA damage?. The
process was characterized as an EC, mechanism
and the reversibility of the first step was dependent
on the substituent groups on the heterocyclic ring
of the nitroimidazole.

In recent years, increased interest in
conducting polymers has led to a large number of
important applications such as rechargeable
batteries, electrosynthesis, in corrosion to protect
films, biosensors, modified electrodes and
capacitors??>®! etc. Conducting polymers containing
two components can be prepared as copolymers®,
bilayers®* and composites. Some properties of two
component conductive polymer systems, such as
electrical and physical properties can be improved
by copolymerization. The mechanical properties of
two component conductive polymeric systems may
also be improved by polymerization to two
monomers, on platinum foil electrodes®%.
Electrolysis of two monomers generally gives a
copolymer, as in the case of aniline and thiophene.
Pekmez and co-workers® reported that the
thiophene / aniline ratio in the copolymer could easily
be adjusted by controlling the polymerization
potential.

In the present study, the electrochemical
behaviour of metronidazole has been studied at
composite polymer membrane electrode. The main
aim of the combination of polycomponent
composites, copolymers and blends is to improve
the electrical, physical and chemical properties of
the homopolymers. In the present paper composite
polymer membrane of polyaniline and pyrrole is used
as an electrode material for the investigation of
electrochemical behaviour of metronidazole. This
composite polymer membrane electrode was
prepared electrochemically.

EXPERIMENTAL

The voltammetry experiments were
performed using an EG & G Princeton Applied
Research Model 273A potentiostat controlled by the
model 270 / 250 Research Electrochemistry
Software 4.30. A three-electrode system was
composed of a composite polymer membrane
electrode, saturated calomel as reference electrode
and platinum wire as auxiliary electrode.

The platinum foil was washed with dilute
HNO, and acetone and then coated with polymer
to provide a reproducible active surface with
improved sensitivity and resolution. Then composite
polymer membrane electrode was thoroughly rinsed
with methanol and double distilled water and gently
dried with a tissue paper. The electrode cleaning
procedures require only 2 min. All the solutions
examined by electrochemical technique were purged
for 10 min with purified nitrogen gas after which a
continuous stream of nitrogen was passed over the
solutions during the measurements. All
measurements were carried out at room
temperature. The pH metric measurements were
made on digital pH meter (Decible, Db- 1011) fitted
with a glass electrode and saturated calomel
electrode as reference, which was previously
standardized with buffers of known pH in acidic and
alkaline medium.

Reagents and Materials

Metronidazole was obtained from
pharmaceutical company, India. KCI (1 mol L*?)
solution was prepared in distilled water and used
as supporting electrolyte. A stock solution of
metronidazole (I x 10 mol L) was prepared in
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dimethyl formamide (DMF). The solutions for
recording voltammograms were prepared by mixing
appropriate volume of stock solution and buffer of
varying pH. Britton Robinson buffers in the pH range
2.5-12.0 were prepared in distilled water by adding
suitable amounts of 0.4 M NaOH solution (basic
solution) to a stock solution composed of a mixture
of 2.14 mL phosphoric acid, 2.472 g boric acid and
2.3 mL of glacial acetic acid (acidic solution).
Solution was stirred after mixing and left overnight
to attain equilibrium. All reagents used were AnalaR
grade.

Procedure

The amount of metronidazole present in
each tablet was 100 mg. Excipients such as
microcrystalline cellulose, hydroxypropyl
methylcellulose, lactose and titanium dioxide are
added to dosage forms. Ten tablets were weighted
accurately and crushed to a fine powder. The
accurately weighted quantities of these powders
equivalent to 2.5 g of metronidazole were
transferred to 50 mL volumetric flask and dissolved
in dimethylformamide. After sonicating and shaking
the mixture for 30 min, it was completed to volume
with the same solvent, mixed and centrifuged. An
aliquot of the supernatant liquid was then transferred
into a calibrated flask and a series of dilutions were
prepared with BR buffers at pH 2-12 and mixed 1
mL KCI as supporting electrolyte.

RESULTS AND DISCUSSION

The voltammetric behaviour of
metronidazole was examined in the pH range 2.0-
12.0 by cyclic voltammetry. Metronidazole gave one
well-defined cathodic peak in the entire buffer
system at composite polymer membrane electrode.
Cyclic voltammograms of metronidazole were also
recorded in dimethylformamide at composite
polymer electrode at varying scan rates (20--200
mV/s). Cyclic voltammograms show a single
reduction peak at -784 mV at 20 mV/s. As the scan
rate increased, the cathodic peak potential shifted
towards negative potential -930 mV at 200 mV/s
(Fig. 1). Plot of i _ vs. u"? (u = scan rate) is a straight
line passing through the origin indicating diffusion
controlled nature of the electrode process (Fig. 2).
With the increase in concentration of the drug a
linear relation between peak current and

concentration was observed in the range from
1x10° to 4x10° at composite polymer membrane
electrode. The peak potential (Ep.c) shifted toward
more negative potential (from -784 to -859.9 mV)
on increasing the concentration of the
metronidazole, indicating the irreversibility of the
electrode process. Plot of ip.c VS. concentration is a
straight line at composite polymer membrane
electrode (Fig. 3).

Cyclic voltammograms using composite
polymer membrane electrode were also recorded
at different pH. The pH of the solution was varied
from 2.0 to 12.0. No anodic peak in the entire pH
range was observed. The peak potential values of
metronidazole are dependent on pH and peak
current increases with increase in the pH of the
buffer system. The influence of several electrolytes
(Phosphate & Britton- Robinson) on the analytical
signal was also studied. With the rise in pH peak
potential shifted towards more negative values (Fig.
4) up to pH 7.9 indicating the participation of proton
in the electrode process.

Reaction Mechanism

On the basis CV, chromatographic and
spectral studies following mechanism may be
postulated for the reduction of metronidazole. The
addition of two more electrons results in formation
of the amine.

R-NO; + e — R-NO2~
R-NO; + H" - R-NO:H

R-NO;H +H" — R-NOH» ™"
R-NO;H;™ + ¢ — R-N(OH);
R-N(OH), — R-NO + H;0
R-NO +2e+2H" — R-NHOH

R-NHOH + 2e + 2H" —+ R-NH: + H:0
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Fig. 1: Cyclic voltammograms of metronidazole (pH 7. 9) in Britton Robinson buffer
at different scan rates at composite polymer membrane electrode, Conc. 1x10° M
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Fig. 2: Plot of current (ip,c) vs. v¥2 for metronidazole (conc. 1.0 x 103
M, BR buffer, pH 7.9) at composite polymer membrane electrode
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Fig. 3. Plot of current (ip.c) vs. concentration (mL) for metronidazole
(v = 50 mV/s, BR buffer, pH 7.9) at composite polymer membrane electrode
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Fig. 4. Plot of current (ip,c) vs. pH for metronidazole
(conc. 1.0 x 10 M, u = 50 mV/s) at composite polymer membrane electrode.

CONCLUSION

Electrochemically deposited composite

polymer membrane electrode on the platinum foil
indicates good catalytic current response for the

10.
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