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a  b  s  t  r  a  c  t

A  selective  modified  glassy  carbon  electrode  based  on multiwall  carbon  nanotubes  decorated  with
MgCr2O4 nanoparticles  was  fabricated  and  used  for the  determination  of phenazopyridine  using  differen-
tial  pulse  voltammetry.  The  electrochemical  response  of  the  modified  electrode  toward  phenazopyridine
was  characterized  by different  electrochemical  methods  including  differential  pulse  voltammetry  (DPV),
cyclic voltammetry  (CV),  and  impedance  spectroscopy.  The  prepared  electrode  showed  an  efficient  syn-
ergic  effect  on  the oxidation  of phenazopyridine  at pH 6.0. The  oxidation  peak  current  was  proportional  to
the concentration  of  phenazopyridine  from  0.05 to 7.5 �mol  L−1. The  detection  limit  was  0.025  �mol  L−1.
The  applicability  of  the  method  was  confirmed  with  satisfactory  results  obtained  through  the  assay  of
phenazopyridine  in  human  plasma,  urine  samples,  and  pharmaceuticals.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Phenazopyridine is a type of azo dye and a very important
organic compound for its optical and electrochemical properties
as well as its medicinal relevance [1,2]. Other azo dyes, formerly
used in textiles, printing, and plastic manufacturing, have been
implicated as carcinogenic agents that can cause bladder cancer
[3]. Evidence from animal models suggests that it is potentially
carcinogenic [4], while phenazopyridine has never been shown to
cause cancer in humans. Phenazopyridine is prescribed for its local
analgesic effects on the urinary tract [5]. Moreover, it is sometimes
used in conjunction with an antibiotic or other anti-infective med-
ication at the inception of treatment to help provide immediate
symptomatic relief [6–8]. Phenazopyridine frequently causes a dis-
tinct color change in the urine, typically to a dark orange to reddish
color [9]. This effect is common and harmless, and indeed a key
indicator of the presence of the drug in the body. Less frequently,
it can cause a pigment change in the skin or eyes to a noticeable
yellowish color. Other such side effects include fever, confusion,
shortness of breath, skin rash, and swelling of the face, fingers, feet,
or legs. Long-term use may  cause yellowing of nails [10]. It is, there-
fore, necessary to develop a rapid and sensitive method with simple
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sample preparation and determination steps for phenazopyridine
analysis in biological fluids.

Several analytical techniques are available for the assay of
phenazopyridine in biological fluids. The methods commonly used
for the determination of phenazopyridine include amperometry
[11], gravimetry [12], polarography [13], voltammetry [14], UV
spectrophotometry [15], and potentiometric sensor [16]. High
performance liquid chromatography has been used with UV detec-
tion to determine phenazopyridine in a compound dosage form
[17–19]. Some researchers have used liquid chromatography–mass
spectroscopy (LC–MS) [20] and gas chromatography–mass spec-
trometry (GC–MS) [21,22] for the determination of this drug. The
facile and intense voltammetric response due to the reduction of

N N into NH NH and NH2 has provided a great deal of
information about their optical, structural, electrochemical, and
thermodynamic properties [1]. In recent years, substantial efforts
have been devoted to the field of electrochemical methods based on
modified electrodes, for their enhanced selectivity and sensitivity
[23].

Carbon nanotubes are molecular-scale tubes with high electrical
conductivity, high chemical stability, and very high tensile strength
and modulus [24]. There has been much interest in diverse appli-
cations of carbon nanotubes such as in scanning probes [25,26],
electron field emission sources [27], actuators [28], nanoelectronic
devices [29], batteries [30], potential hydrogen storage mate-
rial [31], and chemical sensors [32]. MNPs modified electrodes
have also received serious consideration due to their high surface
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