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Abstract
Single-walled carbon nanotubes(SWCNTs) were dispersed into DMSO, and a SWCNTs-film coated glassy carbon
electrode was achieved via evaporating the solvent. The results indicated that CNT modified glassy carbon electrode
exhibited efficiently electrocatalytic reduction for ranitidine and metronidazole with relatively high sensitivity,
stability and life time. Under conditions of cyclic voltammetry, the potential for reduction of selected analytes is
lowered by approximately 150 mV and current is enhanced significantly (7 times) in comparison to the bare glassy
carbon electrode. The electrocatalytic behavior is further exploited as a sensitive detection scheme for these analytes
determinations by hydrodynamic amperometry. Under optimized condition in amperometric method the concen-
tration calibration range, detection limit and sensitivity were about, 0.1 – 200 mM, detection limit (S/N¼ 3) 6.3� 10�8

mol L�1 and sensitivity 40 nA/mM for metronidazole and 0.3 – 270 mM 7.73� 10�8 mol L�1 and 25 nA/mM for
ranitidine. In addition, the ability of the modified electrode for simultaneous determination of ranitidine and
metronidazole was evaluated. The proposed method was successfully applied to ranitidine and metronidazole
determination in tablets. The analytical performance of this sensor has been evaluated for detection of these analytes
in serum as a real sample.

Keywords: Single-walled carbon nanotube, Modified electrode, Ranitidine, Metronidazole, Simultaneous detection,
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1. Introduction

Metronidazole, the most important derivative of nitro-
midazole, is one of the cytostatic drugs, well known for its
antimicrobial properties. It is effective against trichomonas,
vincent@s organisms, anaerobic bacteria, giardias and amoe-
biasis [1, 2]. It can kill or inhibit the majority of anaerobic
bacteria when the metronidazole concentration in serum is
in the range from 2 to 8 mg mL�1[3]. Ranitidine is the active
compound of the pharmaceutical formulation, which com-
petitively inhibits the action of histamine on the H2-
receptors of partial cells, and reduces gastric acid secretion
under daytime and nocturnal basal conditions [4]. The drug
is used for the short term treatment of active duodenal ulcer,
active and benign gastric ulcer, and the treatment of
photogenic gastrointestinal hypersecretory condition such
as Zollinger–Ellison Syndrome, short term symptomatic
relief of gastroesophageal reflux [5]. Ranitidine and metro-
nidazole have been successfully used in combination
therapy with antibiotics for the treatment of gastric Heli-
cobacter pylori infections [6]. Ranitidine andmetronidazole
have low plasma protein binding (20%) and their effective

plasma concentrations are 100 ng/mL and 6 mg/mL, respec-
tively [7]. Due to the critical roles of ranitidine and
metronidazole in the pharmaceutical industry, their deter-
mination is important in biological fluids and drug formu-
lations.Differentmethods such as; spectrophotometry [8, 9],
atomic absorption spectrometry [10], ion selective electro-
des [11], fluorimetric method [12], near infrared reflectance
spectrometry [13] have been used for the determination of
ranitidine and metronidazole. These methods, however, are
not adaptable for use in pharmacokinetic studies because of
their lack of selectivity, due to different interference exist in
pharmaceutical samples. In additions, some of these meth-
ods have poor sensitivity, requiring expensive apparatus and
most of them involve several manipulation steps before the
final result of the analysis. Thin layer chromatography [14],
HPLC [15, 16], capillary electrophoreses [17, 18], solid
phase extraction and liquid chromatography/mass spec-
trometry [19], have been used for the determination of
ranitidine and metronidazole. Furthermore, HPLC with
diode array detection [15, 20, 21] has been used for
simultaneous detection of ranitidine and metronidazole or
detection of one of them with the same compounds. It is
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essentially important to develop a simple instrumental
method with high sensitivity and selectivity for detection of
these drugs. Compared with other techniques, electrochem-
ical methods or combination of electrochemical detectors
with chromatographic methods showed several advanta-
geous including their easiness to operate, high selectivity
and sensitivity to the specific analytes, fast analysis and
reagentless detection, etc. Themetronidazole and ranitidine
contain a nitro group, which is the electrochemically active
reducible center. Several studies on the electroreduction of
metronidazole have been published. Polarographic detec-
tion of metronidazole and ranitidine in pharmaceutical
formulations and urine has been proposed [22, 23]. Electro-
chemical properties and voltammetric detection of metro-
nidazole at carbon fiber microdisk electrode have been
reported [24 and references therein]. The use of bare
unmodified electrodes as electrochemical sensors for met-
ronidazole and its derivatives detection has a number of
limitations such as; low sensitivity and reproducibility, slow
electron transfer reactions, low stability over awide range of
solution compositions and high overpotential at which the
electron transfer process occurs and some of them are not
sensitive enough for real sample analysis. The chemical
modification of inert substrate electrodes with redox active
thin films offers significant advantages in the design and
development of electrochemical sensors. Different modi-
fied electrodes such as carbon paste electrodemodifiedwith
incorporatedmethalloporphyrin [25] and nanomaterial thin
film coated glassy carbon electrode [26] have been used for
amperometric or voltammetric detection of metronidazole.
Furthermore, Ru-complex and graphite electrode modified
with vaseline and nickel oxide have been used for electro-
chemiluminescent detection of ranitidine [27, 28]. The
modification of electrode surfaces with new electron trans-
fer material is a challenge in electroanalysis. Carbon nano-
tubes can be used to promote electron transfer reactions
when used as electrode material in electrochemical devices,
electrocatalysis and electroanalysis processes due to their
significant mechanical strength, high electrical conductivity,
high surface area, good chemical stability, as well as relative
chemical inertness in most electrolyte solutions and a wide
operation potential window [29, 30]. The electronics proper-
ties of these nanomaterials have been exploited as means of
promoting the electron transfer reaction for a wide range of
molecules and biological species including; insulin [31],
carbohydrates [32], hydrogen peroxide [33], trinitrotoluene
[34], nucleic acids [35], dopamine, ascorbic and uric acids
[36], norepinephrine [37], aminophenol [38], 6-mercupto-
purine [39], nitric oxide [40], cytochromeC [41],meoglobine
[42], thymine [43] and glucose [44]. We have recently used
CNTs modified electrodes for determination of important
compounds such as thiols [45], morphine [46], epinephrine
[47] and glucose [48]. To our knowledge, so far there is no
report on the electrochemical properties of ranitidine on
CNTs modified electrode and simultaneous detection of
ranitidine and metronidazole without chromatographic
separation techniques. In this paper we report the electro-
chemical reduction of ranitidine and metronidazole on

single wall carbon nanotube modified glassy carbon elec-
trode. The ability of themodified electrode for separation of
voltammetric response of selected compounds was evalu-
ated. Finally, this modified electrode was used for the
analysis of ranitidine and metronidazole in pharmaceutical
samples.

2. Experimental

2.1. Chemicals and Reagents

Single wall carbon nanotubes have been manufactured by
CNI (USA ). Metronidazole (MTZ), 1-(2-hydroxyethyl)-2-
methy-5-nitroimidazole, ranitidine2-[[5-(dimethylamino)-
methyl-2-furanyl]methyl] ethylamino-1-nitoethane were
from sigma and used without further purification. H2SO4,
H3PO4, K2HPO4 and KH2PO4 used for buffer preparation
(pH 1 – 12) were obtained from Merck. Hydrogen chloride
(HCl) and sodium hydroxide (NaOH) were used for pH
adjustment. Double distillate water was used to prepare all
solutions. Solutions were deaerated by bubbling high purity
(99.99%) argon gas through them prior to the experiments.
All electrochemical experiments were carried out at room
temperature 25� 0.1 8C.

2.2. Apparatus and Procedures

Electrochemical measurements were carried out in an
conventional three electrodes cell using an m-AUTOLAB-
2 PGSTAT computer controlled potentiostat (ECO-Chem-
ie, The Netherlands). A conventional three-electrode cell
was usedwith aAg/AgCl (sat. KCl) as reference electrode, a
Pt wire as counter electrode and GC electrode with a
diameter of 2 mm (modified and unmodified) were used as
working electrodes, respectively.All of used electrodeswere
from Metrohm. A draft shaft from Metrohm was used for
the rotation of modified electrode in amperometric meas-
urements. A personal computer was used for data storage
and processing. The following instruments parameters were
used to record the differential pulse voltammograms; Pulse
amplitude: 50 mV, pulse time 40 ms and scan rate 10 mV s�1.

2.3. Procedure

To prepare a SWCNT modified electrode, a GC electrode
was polishedwith emery paper followed by alumina (1.0 and
0.05 mm) and then thoroughly washed with double-distilled
water, and then the electrode was placed in ethanol and
subjected to sonication to remove adsorbed particles. The
CNTs was immobilized onto the glassy carbon electrode,
using dimethyl sulfoxide (DMSO) as the dispersing agent.
1 mg of SWCNTs dispersed in 1 mLofDMSO. This solution
was then allowed to mix to a period of 1 h. The SWCNTs
modified glassy carbon electrode was prepared by casting
20 mL of the above solution on the surface of GC electrode.
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The modified electrode was dried for 1 h at room temper-
ature and rinsed with distilled water before use.

3. Results and Discussions

3.1. Electrochemical Behavior of Ranitidine and
Metronidazole at SWCNTs Modified GC Electrode

The electrocatalytic activity of SWCNTs modified GC
electrode toward ranitidine and metronidazole reduction
were examined by cyclic voltammetry. Figure 1 shows the
cyclic voltammograms responses of 100 mM metronidazole
at a bare and SWCNTs modified glassy carbon electrode in
buffer solution (pH 1) at scan rate 20 mV s�1. The CNT-
coated electrode exhibits significant reduction currents
starting around 0.0 V vs. Ag/AgCl and no oxidation signal
is observed in the reversed scan. In contrast, low redox
activity is observed at the unmodifiedGCelectrode over the
same potential range and metronidazole reduction current
starting around �0.25 V. A substantial positive shift of the
cathodic peak potential for metronidazole and dramatic
increase of current indicate significant catalytic ability of
SWCNTs to metronidazole reduction. Compared to the
bare electrode, and considering to the fact that the porous
interfacial layer of the CNT-modified electrode with a high
specific surface area, increases the conductive area [49],
metronidazole can penetrate through the conductive porous
channels onto the electrode more easily, leading to higher
sensitivity. The stability of the modified electrode response
toward metronidazole reduction was checked with repeti-
tive scanning at scan rate 20 mV s�1 (not shown). In the first
five scans, the cathodic peak current decreased slightly
(<7%), then the current remained at 90%of its initial value
after 50 cycles. Furthermore, the peak potentials were not
shifted tonegative values during repetitive scans. The results

indicate that the GC electrodes modified with carbon
nanotubes not only shows catalytic activity but also have
antifoulingproperties formetronidazole and their reduction
products. Also on using the electrodes after leaving them
unused for a period of four weeks in 0.1 M phosphate buffer
solution (pH 7), the peak potential for metronidazole
reduction was again unchanged and the current signals
showed only less than 4%decrease of the initial response. In
reproducibility tests, it was found that the relative standard
deviation (RSD) of the cyclic voltammograms currents of
200 mM metronidazole (pH 1) for eight replicate measure-
ments was 2.5%. In order to study the reproducibility of the
electrode preparation procedure, six independently glassy
carbon electrodes were modified with SWCNTs. Cyclic
voltammograms of prepared modified electrodes in the
buffer solution containing 200 mM metronidazole were
recorded. The RSD value of measured cathodic peak
currents was 6%. Although the unmodified GC electrode
shows low catalytic activity for metronidazole reduction,
signal response are not stable and peak currents decrease
after 20 repetitive cycles, also (RSD) are more than 15% for
eight replicate determinations (500 mM metronidazole).
Voltammograms of 20 mM ranitidine solution (pH 1) at
bare and SWCNTs modified GC electrodes were recorded
(not shown). The CNT-coated electrode exhibits significant
reduction currents starting around�0.3 V vs. Ag/AgCl and
no oxidation signal is observed in the reversed scan. In
contrast, a veryweak response is observedat theunmodified
GC electrode over the same potential range and ranitidine
reduction current starting around�0.45 V. Reproducibility,
stability and repeatability of the ranitidine response were
similar to those of metronidazole.
Inorder to optimize the electrocatalytic responseofCNTs

modified glassy carbon electrode towards analytes, the
effect of pH on the catalytic reduction behavior was
investigated. The reduction of metronidazole at alkaline

Fig. 1. Cyclic voltammograms of CNTs modified GC electrode in pH 1 buffer solution at a scan rate of 20 mV s�1 in the absence (c) and
presence of 100 mM metronidazole (d). (a and b) as (c and d) for bare GC electrode.
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pH at nanomaterial thin film coated glassy carbon electrode
was reported [26]. The more negative potential for nitro
group reduction (�0.9 V) is a disadvantageous of this
system due to interfering effects of electroactive substances
at more negative potential. In this study the determination
was done at acidic buffers. The cyclic voltammograms of the
modified electrode in 200 mMmetronidazole at different pH
values were recorded. The variation of peak currents and
potentials vs. pH values are recorded in Figure 2. As shown
at pH range 1 – 5, the modified electrode shows electro-
catalytic activity. But catalytic currents decreased with
increasing pH and at pH 6 – 8 the catalytic effects of the

modified electrode were negligible. At pH range 9 – 12 the
modified electrode again showed voltammetric response for
metronidazole reduction, but peak potential was not
changed. Since higher cathodic peak current was observed
at less negative potential in acidic solutions, the lower pH
value of the electrolyte is more favorable for the reduction
of selected analytes, and all other experiments in this study
were done at pH 1. Figure 3 shows cyclic voltammograms of
SWCNTs modified glassy carbon electrode in solutions
containing different concentrations of metronidazole. The
plot of catalytic current vs. metronidazole concentration is
linear in the concentration range of 60 – 480 mM, fitted the
equation; Ip (mA)¼ 0.1175 mA mM�1 – 4.407 mA and R2¼
0.9943. The same cyclic voltammograms were observed for
ranitidine. The variation of peak current vs. ranitidine over
the entire concentration range of 20 – 100 mM fitted the
equation; Ip (mA)¼ 0.0872 mA mM�1þ 1.688 mA, R2¼
0.9992.
The effect of scan rate on the electroreduction of

ranitidine at the modified electrode was investigated by
cyclic voltammetry.As shown inFigure 4 the reduction peak
currents of ranitidine increased linearly with the square root
of scan rates in the range 10 – 100 mV s�1, with a correlation
coefficient of 0.99. This suggests that the process of
electrode reaction is controlled by diffusion of ranitidine,
which is the ideal case for quantitative determinations. The
same results were observed for electroreduction of metro-
nidazole at SWCNTs modified electrode.

Fig. 3. A) Cyclic voltammograms of CNTs modified GC electrode in pH 1 buffer solution at scan rate 20 mV s�1 with increasing
metronidazole concentration (from inner to outer) 60, 120, 180, 240, 300, 360, 420 and 480 mM. Inset, plot of peak current vs.
metronidazole concentrations.

Fig. 2. Variation of peak currents and peak potentials vs. pH
values, for 200 mM of metronidazole, scan rate 20 mV s�1.
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3.2. Amperometric Detection of Metronidazole and
Ranitidine at Modified CNT Glassy Carbon
Electrode

Since amperometry under stirred conditions has a much
higher current sensitivity than cyclic voltammetry, it was
used to estimate the lower limit of detection. As discussed
above, the carbon nanotube modified glassy carbon elec-
trode has excellent and strong mediation properties and
facilities the low potential amperometric measurements of
metronidazole. Figure 5A shows chronoamperograms of
rotating disk modified glassy carbon electrode (rotation
speed 2000 rpm) when potential was kept at �0.2 V during
the successive addition 50 mMmetronidazole. It is clear that
(Fig. 5B) during successive addition of 0.5 mM metronida-
zole a well – defined response is also observed. As shown,
the steady-state currents rises with the addition of metro-
nidazole and quickly reaches the stable value (less than 3
seconds), indicating that the carbon nanotube modified
glassy carbon electrode has a short response time for
metronidazole determinations. The plot of currents vs.
metronidazole concentration are shown in insets of Fig-
ure 5. The calibration plot was linear over the wide
concentration range, 0.1 mMto 300 mM.Linear least squares
calibration of the curve over the range 0.5 – 6.5 mM (13
points) had a slope 40.7 nA mM�1 (sensitivity) with a
correlation coefficient 0.9989. The electrode has a detection
limit 63 nM at signal to noise ratio of 3. One of the
advantages of this modified electrode for amperometric
detection ofmetronidazole is its highly stable amperometric

response during long-periods of time towards metronida-
zole reduction. The chronoamperometric response of
100 mM of metronidazole over 15 min period (not shown)
was stable, only 5% decrease in current was observed after
900 s. This result indicate antifouling properties of CNTs
modified electrode for metronidazole and its reduction
products. The same stability response was observed for
ranitidine reduction. For ranitidine the amperometric
response was linear at a concentration range of 0.3 mM to
270 mM. Detection limit and sensitivity were about 77 nM
and 25 nA mM�1, respectively. These analytical parameters
are comparable or better than results reported for determi-
nation selected analytes using different analytical tech-
niques [11, 12, 15, 20, 24 – 27, 50].

3.3. Analysis of Metronidazole and Ranitidine in Drugs

TheSWCNTsmodified glassy carbon electrodewas used for
determination of metronidazole and ranitidine in tablets.
The average mass of 5 tablets was determined and finely
powdered, and then the sample was transferred to 100 mL
buffer solution. The solution was filtered, and 1 mL of the
filtrate solution was diluted to 100 mL, then 100 mL of this
dilute sample was transferred to the electrochemical cell
containing 10 mL of the buffer solution. The voltammo-
grams for solutions containing metronidazole of tablets and
various concentration of metronidazole (standard addi-
tions)were shown inFigure 6. The content ofmetronidazole
in tabletswas calculated from interpolationof the curve.The

Fig. 4. Cyclic voltammetry response of CNTs modified GC electrode in pH 1 buffer solution containing 20 mM of ranitidine at scan
rates (inner to outer) 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 and 110 mV s�1.Inset, Plot of Ip vs. v

1/2.
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same procedure was used for detection of ranitidine in
tablets. The results showed that there was no significant
difference between the calculated and real values of the
analytes in drug samples (Table 1). These results indicate
the proposed method is accurate with high recoveries and it
can be recommended for routine analysis in the majority of
drug quality control laboratories.

3.4. Analytical Performance of the SWCNTs Modified
Glassy Carbon Electrode for Simultaneous
Determination of Ranitidine and Metronidazole

Simultaneous quantification of ranitidine and metronida-
zole is difficult when classical analytical methods are used.
Modern analytical methods generally associate chromato-
graphic and spectrometric techniques [21]. In this research
voltammetry technique was used to examine the simulta-
neous electrochemical response of metronidazole and
ranitidine. Since differential pulse voltammetry has much
higher current sensitivity and ability for peak separations
than cyclic voltammetry, it was employed to estimate the
lower limit of detection and simultaneous determination
metronidazole and ranitidine. Figure 7 shows the DP
voltammogram of a mixture of ranitidine and metronida-
zole, where concentration of ranitidine and metronidazole
were simultaneously changed. The calibration curves and
correlation coefficients for these analytes are shown in inset
of Figure 7. The variation of peak current vs. ranitidine and

Fig. 5. Amperometric response at rotating GC electrode modified with CNTs (rotation speed 2000 rpm), potential was held at �0.2 V
in buffer solution (pH 1) for successive addition of (A) 50 mM and (B) 0.5 mM of metronidazole(C) and (D) Plot of chronoamperometric
currents vs. metronidazole concentrations.

Fig. 6. Linear scan voltammograms of metronidazole (a) for
solution prepared with dissolving metronidazole tablets); (b to e)
as (a) in the presence of different concentration of metronidazole
(100 to 400 mM), pH 1 and scan rate 20 mV s�1. Inset, plot of peak
current vs. metronidazole concentration.
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metronidazole over the entire concentration range of 1 –
7 mM fitted the equations: Ip (mA)¼ 0.1496 mA mM�1þ
0.5371 mA, R2¼ 0.9859, and Ip (mA)¼ 0.2057 mA mM�1þ
0.6914 mA, R2¼ 0.9908, respectively. The detection limit of
the differential pulse method was about 100 and 80 nM for
ranitidine and metronidazole, respectively.
As shown, two well defined separated voltammograms

were observed for selected analytes. At the surface of bare
electrode (voltammogram a) the broad and small voltam-
metric peak for metronidazole and ranitidine reduction is a
serious obstacle in mixture determination.

3.5. Analytical Performance of SWCNTs Modified
Electrode for Ranitidine and Metronidazole
Determination in Real Samples

We examined the applicability of the modified electrode for
determination of ranitidine and metronidazole in real
samples by measuring these analytes in serum sample. The
serum sample was diluted 5 times with the buffer solution
before themeasurements to prevent thematrix effect of real
samples. The DP voltammograms recorded for serum
sample is shown in Figure 8. As it can be seen, no

voltammetric response was observed, at ranitidine and
metronidazole reduction potentials for diluted serum sam-
ple. To ascertain the validity of the results, the serum sample
was spiked with certain amount of metronidazole and
ranitidine, 1 to 7 mM in about the same concentration as
found in the samples themselves or within the linear
concentration range of the method. The recovery rates of
the spiked samples were determined and ranged between
98 – 103% for ranitidine and metronidazole in serum
sample. The results indicate that good recovery of ranitidine
and metronidazole was achieved from this type of matrix.

4. Conclusions

Glassy carbon electrode modified with single wall carbon
nanotubes has been used successfully for electrocatalytic
reduction of ranitidine and metronidazole in acidic buffer
solution. The results indicate that the modified electrode
facilitates determination of ranitidine and metronidazole
with good sensitivity and reproducibility compared to
similar based electrodes or other instrumental methods.
This sensor can be used for amperometric determination of
selected analytes as low as 70 nM with good reproducibility

Table 1. Application of the proposed method to the determination of ranitidine and metronidazole in their pharmaceutical preparations

Preparation Detected by proposed method Recovery� SD [a]

Tablet (250 mg Metronidazole/tablet) 246.6� 3 98.6� 1.2
Tablet (150 mg Ranitidine/tablet) 147.6� 2 98.4� 1.3

[a] Mean of 4 separate determinations.

Fig. 7. Differential pulse voltammograms of metronidazole and ranitidine during simultaneously changed: (c to i) 1, 2, 3, 4, 5, 6, and
7 mM of ranitidine and metronidazole in pH 1 buffer solution. a) Similar to (i) at bare glassy carbon; b) at CNTs modified GC electrode
in solution free of analytes. Insets, the variation of peak currents vs. analytes concentrations.
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and little fouling effects of analytes and their reduction
products. The modified electrode has been used for
determination of ranitidine and metronidazole in tablets.
The proposedmethod offers the advantages of accuracy and
time saving as well as simplicity of reagents and apparatus.
In addition, the results obtained in the analysis of ranitidine
and metronidazole in serum sample demonstrates the
applicability of the method for real sample analysis.

5. Acknowledgements

The financial supports of IranianNanotechnology Initiative
and Research Office of Kurdistan University are gratefully
acknowledged. The authors tanks Mr. Taher Sarhadi for his
valuable discussions.

6. References

[1] P. Speelman, Antimicrob. Agents Chemother. 1985, 27, 227.
[2] P. Terner, G. N. Volans, Drugs Handbook, Mackays of

Chatam PLC, Chatham Kent 1992, p. 60.
[3] A. Molva, Med. Clin. North Am. 1982, 66, 12.
[4] Goodman Gilman@s, in The Pharmacological Basis of Ther-

apeutics (Eds: J. G. Hardman, L. E. Limbird, A. Goodman
Gilman), 10th ed., McGraw-Hill, New York 2001, p. 1009.

[5] A. S. Amin, I. S. Ahmed, H. A. Dessouki, E. A. Gouda,
Spectrochim. Acta, 2003, 59, 695.

[6] P. G. Farup, J. Tholfsen, S. Wetternus, R. Torp, O. Hoie, O. J.
Lange, Scand. J. Gastroenterol. 2002, 37, 1374.

[7] K. C. Lamp, C. D. Freeman, N. E. Klutmam, M. K. Lacy,
Clin. Pharmacokin. 1999, 36, 353.

[8] E. Vega, N. Sola, J. Pharm. Biomed. Anal. 2001, 25, 523.
[9] E. M. Hassan, F. Belal, J. Pharm. Biomed. Anal. 2002, 27, 31.
[10] S. Kalil, S. A. Ibrahim, F. I. Zedan, M. S. Abd-El-monem,

Chem. Anal. (Warsaw) 2005, 50, 897.
[11] Y. M. Issa, S. B. Badawy, A. A. Mutair, Anal. Sci. 2005, 21,

1443.
[12] C. L. Erroz, P. Vinas, N. Campillo, M. H. Cordoba, Analyst

1996, 121, 1043.
[13] E. Dreassi, G. Ceramelli, P. Corti, P. L. Perruccio, S. Lonardi,

Analyst 1996, 121, 219.
[14] S. A. Shah, I. S. Rathod, S. S. Savale, B. D. Patel, J. Chroma-

togr. B. 2002, 767, 83.
[15] D. Zendelovska, T. Stafilov, J. Pharm. Biomed. Anal. 2003,

33, 165.
[16] M. J. Galmier, A. M. Frasey, M. Bastide, E. Beyssac, J. Petit,

J. M. Aiache, C. L. Mattei, J. Chromatogr. B 1998, 720, 239.
[17] T. P. Ruiz, C. M. Lozano, V. Tomas, E. Bravo, R. Galera, J.

Pharm. Biomed. Anal. 2002, 30, 1055.
[18] Y. Gao, Y. Tian, X. Sun, X. B. Yin, Q. Xiang, G. Ma, E.

Wang, J. Chromatogr. B. 2006, 832, 236.
[19] L. Lindberg, P. A. Jarnheimer, B. Olsen, M. Johansson, M.

Tysklind, Chemosphere 2004, 57, 1479.
[20] N. Tavakoli, J. Varshosaz, F. Dorkoosh, M. R. Zargarzadeh, J.

Pharm. Biomed. Anal. 2007, 43, 325.
[21] T. G. do Nascimento, E. J. Oliveira, R. O. Macedo, J. Pharm.

Biomed. Anal. 2005, 37, 777.
[22] G. O. El-Sayed, Microchem. J. 1999, 55, 110.
[23] P. Rechter, M. I. Toral, F. M. Vargas, Analyst 1994, 119, 1371.
[24] P. N. Bartlett, E. Ghoneim, G. El-Hefnawy, I. El-Hallag,

Talanta 2005, 66, 869.

Fig. 8. a) Differential pulse voltammogram obtained for the reduction metronidazole and ranitidine of real serum sample (5 times
diluted) at CNTs modified GC electrode: (b to h ) as (a) in the presence different concentrations of metronidazole and ranitidine(1 to
7 mM).

1675Simultaneous Determination of Ranitidine and Metronidazole

Electroanalysis 19, 2007, No. 16, 1668 – 1676 www.electroanalysis.wiley-vch.de I 2007 WILEY-VCH Verlag GmbH&Co. KGaA, Weinheim

www.electroanalysis.wiley-vch.de


[25] F. C. Gong, X. B. Zhang, C. C. Guo, G. L. Shen, R. Q. Yu,
Sensors 2003, 3, 91.

[26] S. Lu, K. Wu, X. Dang, S. Hu, Talanta 2004, 63, 653.
[27] Y. Gao, Y. Tian, X. Sun, X. B. Yin, Q. Xiang, G. Ma, E.

Wang, J. Chromatogr. B 2006, 832, 236.
[28] X. Zheng, Y. Qu, Z. Zhang, C. Zhang, Electroanalysis 2005,

17, 1008.
[29] B. I. Yakabson, R. E. Smally, Am. Sci. 1997, 85, 324.
[30] J. Wang, Electroanalysis 2005, 17, 7.
[31] J. Wang, M. Musameh Anal. Chim. Acta 2004, 511, 33.
[32] R. P. Deo, J. Wang, Electrochem. Commun. 2004, 6, 284.
[33] J. Wang, M. Musameh, Y. Lin, J. Am. Chem. Soc. 2003, 125,

2408.
[34] J. Wang, S. B. Hocevar, B. Ogorevc, Electrochem. Commun.

2004, 6, 176.
[35] M. L. Pedano, G. A. Rivas, Electrochem. Commun. 2004, 6,

10.
[36] M. D. Rabianes, G. A. Rivas, Electrochem. Commun. 2003, 5,

689.
[37] J. Wang, M. Li. Z. Shi, N. Li, Z. Gu, Electroanalysis 2002, 14,

225.
[38] W. Huang, W. Hu, J. Song, Talanta 2003, 61, 411.

[39] X. N. Cao, L. Lin, Y. Y. Zhou, G. Y. Shi, Wzhang, K.
Yamamoto, L. T. Jin, Talanta 2003, 60, 1063.

[40] F. H. Wu, G. C. Zhou, X. W. Wei, Electrochem. Commun.
2002, 4, 690.

[41] J. Wang, M. Li, Z. Shi, N. Li, Z. Gu, Anal. Chem. 2002, 74,
1993.

[42] G. C. Zhao, L. Zhang, X. W. Wei, Z. S.Yang Electrochem.
Commun. 2003, 5, 825.

[43] Z. Wang, Y. Wang, G. Luo, Electroanalysis 2003, 15, 1129.
[44] J. S. Ye, Y. Wen, W. D. Zhang, L. M. Gan, G. Q. Xu, F. S.

Shen, Electrochem. Commun. 2004, 6, 66.
[45] A. Salimi, R. Hallaj, Talanta, 2004, 66, 967.
[46] A. Salimi, R. Hallaj, G. R. Khayatian, Electroanalysis 2005,

17, 873.
[47] A. Salimi, C. E. Banks, R. G. Compton, Analyst 2005, 129,

225.
[48] A. Salimi, R. G. Compton, R. Hallaj, Anal. Biochem. 2004,

333, 49.
[49] A. Peigney, C. Laurent, E. Flahaut, R. R. Bacsa, A. Rousset,

Carbon 2001, 47, 507.
[50] X. Jiang, X. Lin, Bioelectrochemistry 2005, 68, 211.

1676 A. Salimi et al.

Electroanalysis 19, 2007, No. 16, 1668 – 1676 www.electroanalysis.wiley-vch.de I 2007 WILEY-VCH Verlag GmbH&Co. KGaA, Weinheim

www.electroanalysis.wiley-vch.de

