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A carbon nanotube (CNT) paste electrode was constructed for the determination of carbidopa (CD).
Owing to the unique structure and extraordinary properties of CNTs, the modified electrode has shown
an obvious electrocatalytic activity towards oxidation of CD, which leads to lowering its overpotential
by more than 400 mV. Also, the values of electron transfer (¢=0.34), and diffusion coefficient (D=5.9
x10® cm?/s) for CD were calculated. Under the optimum conditions, the oxidation peak currents were
linearly proportional to the concentration of CD in the range from 0.07-600.0 uM. The detection limit
was 29.0 nM. Then the modified electrode was used to determine CD in an excess of acetaminophen
(AC). Finally, the proposed sensitive and simple electrochemical method was successfully applied to
CD and AC determination in urine samples.
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1. INTRODUCTION

Drug analysis is one of the important tools for drug quality control. Therefore, the development
of simple, sensitive, rapid and reliable method for the determination of drug is of great importance [1-
3]. Parkinson’s disease victims show a significant depletion of dopamine in the brain. Since this
neurotransmitter can not cross the blood—brain barrier into the central nervous system and it can not be
employed to restore its normal level, levodopa (LD) (a precursor of dopamine) has been successfully
used and is the most widely prescribed drug for the treatment of such patients [4, 5]. After its
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administration, LD is converted into dopamine via an enzymatic reaction catalyzed by dopa-
decarboxylase. However, since the metabolism of LD is also extra cerebral, several side effects of
systemic dopamine can arise if LD is administered in high dosages.
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Scheme 1. Structures of carbidopa and acetaminophen.

In order to achieve better a therapeutic effect and lower toxicity, carbidopa (CD) (Scheme 1) is
administered in association with LD in pharmaceutical preparations, which contain 10-25 % CD [6].
This catecholamine acts as an inhibitor for the decarboxylase activity. Hence, a combination of LD
with CD leads to a control of the dopamine concentration at suitable levels, reducing the side effects
and improving the efficiency of the therapy. Accordingly, the development of an analytical method is
very important to control the content of these catecholamines in pharmaceuticals. Different techniques
have been employed for the determination of CD in pharmaceutical formulations [7-11]. Long analysis
times, the use of organic solvents and high costs are some of the drawbacks associated with these
techniques. Voltammetry is considered as an important electrochemical technique utilized in
electroanalytical chemistry because it provides low cost, sensitivity, precision, accuracy, simplicity and
rapidity [12-14].

Acetaminophen (AC) (Scheme 1) is a long-established substance being one of the most
extensively employed drugs in the world. It is an antipyretic and analgesic drug commonly used
against mild to moderate pain or for reduction of fevers. It is also non-carcinogenic and an effective
substitute for aspirin for the patients who are sensitive to aspirin and safe up to therapeutic doses. AC
is metabolized predominantly in the liver where it generates toxic metabolites. Overdose ingestions of
AC lead to accumulation of toxic metabolites, which may cause severe and sometimes fatal
hepatotoxicity and nephrotoxicity, in some cases associate with renal failure. The large scale
therapeutic use of this drug generated the need for the development of fast, simple and accurate
methodologies for the detection AC; for quality control analysis (in pharmaceutical formulations) and
for medical control (in biological fluids as urine, blood and plasma) [15, 1 6].

Several methods have been used for the determination of AC in pharmaceutical formulations
and biological fluids [17-21]. Among different methods, electrochemical methods maybe the most
widely applied because of high sensitivity, simplicity and reproducibility of this approach [22- 28].
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Electrochemical detection of analyte is a very elegant method in analytical chemistry [29]. The
interest in developing electrochemical-sensing devices for use in environmental monitoring, clinical
assays or process control is growing rapidly. Electrochemical sensors satisfy many of the requirements
for such tasks particularly owing to their inherent specificity, rapid response, sensitivity and simplicity
of preparation for the determination of organic molecules, including drugs and related molecules in
pharmaceutical dosage forms and biological fluids [30, 31]. Carbon electrodes, especially glassy and
paste electrodes are widely used in electrochemical investigations [32-36].

Electrochemical sensors based on carbon nanotubes (CNTSs) represent a new and interesting
alternative for quantification of different analytes. There are reports on the synthesis of multi-walled
carbon nanotubes (MWCNTSs) [37] and single-walled carbon nanotubes (SWCNTSs) [38]. These
materials have attracted enormous interest because of their unique structural, mechanical, electronic
and chemical properties. Some of these properties include high chemical and thermal stability, high
elasticity, high tensile strength and in some instances, metallic conductivity. The subtle electronic
properties suggest that CNTs have capability to promote electron transfer reactions and improve
sensitivity in electrochemistry and thus they are widely used as electrodes [39-41]. CNT modified
electrodes have been proved to have excellent electroanalytical properties, such as wide potential
window, low background current, low detection limits, high sensitivities, reduction of over potentials
and resistance to surface fouling. There are reports which reveal that CNT modified electrodes have
shown electrocatalytic behavior with excellent performance in the study of a number of biological
species [42-46].

In the present work, we describe the preparation of a new electrode composed of CNPE
modified with ferrocene monocarboxylic acid (FMCNPE) and investigate its performance for the
electrocatalytic determination of CD in aqueous solutions. We also evaluate the analytical performance
of the modified electrode for quantification of CD in the presence of AC.

2. EXPERIMENTAL

2.1. Apparatus and chemicals

The electrochemical measurements were performed using Metrohnm 797 VA Computrace
Model. A conventional three electrode cell was used. An Ag/AgCI/KCI (3.0 M) electrode, a platinum
wire, and the FMCNPE were used as the reference, auxiliary and working electrodes, respectively. A
Metrohm 827 pH/lon Meter was used for pH measurements.

All solutions were freshly prepared with double distilled water. CD, AC, FM and all other
reagents were of analytical grade from Merck (Darmstadt, Germany). Graphite powder and paraffin oil
(DC 350, density = 0.88 g cm™) as the binding agent (both from Merck) were used for preparing the
pastes. Multiwalled carbon nanotubes (purity more than 95%) with o.d. between 10 and 20 nm, i.d.
between 5 and 10 nm, and tube length from 10 to 30 um were prepared from Nanostructured &
Amorphous Materials, Inc. The buffer solutions were prepared from orthophosphoric acid and its salts
in the pH range of 2.0-11.0.
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2.2. Preparation of the electrode

The FMCNPEs were prepared by hand mixing 0.01 g of FM with 0.89 g graphite powder and
0.1 g CNTs with a mortar and pestle. Then, ~ 0.7 mL of paraffin was added to the above mixture and
mixed for 20 min until a uniformly-wetted paste was obtained. The paste was then packed into the end
of a glass tube (ca. 4.0 mm i.d. and 10 cm long). A copper wire inserted into the carbon paste provided
the electrical contact. When necessary, a new surface was obtained by pushing an excess of the paste
out of the tube and polishing with a weighing paper.

3. RESULTS AND DISCUSSION

3.1. Electrocatalytic oxidation of CD at a FMCNPE

The utility of the modified electrode for oxidation of CD was evaluated by cyclic voltammetry.
The cyclic voltammetric responses of a bare carbon-paste electrode in 0.1M phosphate buffer (pH 7.0),
without and with CD, are shown in Fig. 1 (curves c and d, respectively).
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Figure 1. Cyclic voltammograms of FMCNPE at 10 mV s in 0.1M phosphate buffer (pH 7.0): (a) In
the presence and (b) in the absence of 200.0 uM CD; (c¢) and (d) for an unmodified carbon
paste electrode in the absence and presence of 200.0 uM CD, respectively.

Figures 1la and b show cyclic voltammograms of modified electrode in the buffer solution with
200.0 uM of CD and without CD, respectively. The results show that the sensor produces a large
anodic peak current in the presence of CD without a cathodic counterpart (Fig. 1, curve a). That the
current observed is associated with CD oxidation and not the oxidation of modifier is demonstrated by
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comparing the current in Fig. 1 (curve b, without CD) with the one in the presence of CD in Fig. 1
(curve a). It is apparent that the anodic current associated with the surface-attached materials is
significantly less than that obtained in the solution containing CD. At the surface of a bare electrode,
CD was oxidized around 740 mV. As can be seen, the electroactivity of CD on the modified electrode
was significant (Figs. 1 curve a), with strongly defined peak potential, around 340 mV vs.
Ag/AgCI/KCI (3.0 M) electrode. Thus, a decrease in overpotential and enhancement of peak current
for CD oxidation are achieved with the modified electrode. Such a behavior is indicative of an EC’

mechanism [47].
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Figure 2. Linear sweep voltammograms of FMCNPE in 0.1 M phosphate buffer solution (pH 7.0)
containing 200.0 uM CD at various scan rates; From inner to outer scan rates of 10, 20, 30, 40
and 50 mV s, respectively. Insets: Variation of (A) anodic peak current vs. v*?; (B)
normalized current (Ip/vll %) vs. v; (C) Tafel plot derived from the linear sweep voltammogram

in scan rate of 10 mV s™.

The effect of scan rate on the electrocatalytic oxidation of CD at the FMCNPE was investigated
by linear sweep voltammetry (Fig. 2). As can be observed in Fig. 2, the oxidation peak potential
shifted to more positive potentials with increasing scan rate, confirming the kinetic limitation in the
electrochemical reaction. Also, a plot of peak height (I,) vs. the square root of scan rate (v*?) was
found to be linear in the range of 10-50 mV s, suggesting that, at sufficient overpotential, the process
is diffusion rather than surface controlled. A plot of the scan rate-normalized current (Ip/vl’z) VS. Scan
rate (Fig. 2B) exhibits the characteristic shape typical of an EC process [47].
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The inset C of Fig. 2 shows a Tafel plot that was drawn from points of the Tafel region of the
linear sweep voltammogram. The Tafel slope of 89.8 mV obtained in this case agrees well with the
involvement of one electron in the rate determining step of the electrode process, assuming a charge
transfer coefficient of 0=0.34.

3.2. Chronoamperometric measurements

Chronoamperometric measurements of CD at FMCNPE were carried out by setting the
working electrode potential at 0.4 V vs. Ag/AgCI/KCI (3.0 M) for the various concentration of CD in
buffered aqueous solutions (pH 7.0) (Fig.3).
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Figure 3. (A) Chronoamperograms obtained at FMCNPE in 0.1 M phosphate buffer solution (pH 7.0)
for different concentration of CD, 0.0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 mM of CD. Insets:
(A) Plots of 1 vs. t 2. (B) Plot of the slope of the straight lines against CD concentration.

For an electroactive material (CD in this case) with a diffusion coefficient of Do, the current
observed for the electrochemical reaction at the mass transport limited condition is described by the
Cottrell equation [47]. Experimental plots of 1 vs. t*/2 were employed, with the best fits for different
concentrations of CD (Fig. 3A). The slopes of the resulting straight lines were then plotted vs. CD
concentration (Fig. 3B). From the resulting slope and Cottrell equation the mean value of the Dy was
found to be 5.9 x10° cm?/s.

3.3. Calibration plot and limit of detection

The electrocatalytic peak current of CD oxidation at the surface of the modified electrode can
be used for determination of CD in solution. Therefore, DPV experiments were performed using
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modified electrode in phosphate buffer solution containing various concentration of CD. The results
show the electrocatalytic peak current of CD oxidation at the surface of modified electrode was
linearly dependent on the CD concentrations. The mediated oxidation peak currents of CD at the
surface of a modified electrode were proportional to the concentration of the CD within the ranges
0.07-600.0 uM in the DPV (Fig. 4). The detection limits (36) wad 29.0 nM.
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Figure 4. Plot of the electrocatalytic peak current as a function of CD concentration in the range of
0.07-600.0 uM.

3.4. Simultaneous determination of CD and AC
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Scheme 2. Oxidation of carbidopa and acetaminophen
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One of the main object of this study was to detect CD and AC simultaneously using FMCNPE .
This was performed by simultaneously changing the concentrations of CD and AC, and recording the
DPVs.

The voltammetric results showed well-defined anodic peaks at potentials of 310 and 540 mV,
corresponding to the oxidation of CD and AC, respectively, indicating that simultaneous determination
of these compounds is feasible at the FMCNPE as shown in Fig. 5.
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Figure 5. DPVs of FMCNPE in 0.1 M phosphate buffer solution (pH 7.0) containing different
concentrations of CD+AC in uM, from inner to outer: 10.0+20.0, 25.0+50.0, 50.0+100.0,
75.0+125.0, 100.0+200.0, 125.0+250.0, 175.0+300.0, 250.0+500.0, 350.0+700.0, 500.0+1000
and 600.0+1200.0 respectively. Insets (A) and (B) are plots of I, vs. CD and AC
concentrations, respectively.

The products of oxidation of CD and AC are shown in scheme 2. From the analysis of data, the
lower limit of detection of AC was estimated approximately 15.0 uM.

3.5. Determination of CD in a real sample

To evaluate the applicability of the proposed method to real samples, it was applied to the
determination of CD and AC in urine samples. The CD and AC contents were measured after sample
preparation using the standard addition method. The results are given in Table 1.
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Table 1. The application of FMCNPE for simultaneous determination of CD and AC in urine samples.

All concentrations are in uM (n=5).

Sample Spiked Found Recovery
(uM) (uM) %
CD AC CD AC CD AC
1
10.0 300 9.9 31.1 99.0 103.7
20.0 40.0 20.7 39.8 103.5 99.5
30.0 50.0 29.5 51.0 98.3 102.0
2
15.0 350 155 348 103.3 99.4
25.0 450 24.6 455 98.4 101.1
35.0 55.0 35.4 541 101.1 98.4

4. CONCLUSIONS

The study has proved that using the ferrocene monocarboxylic acid and carbon nanotube

species for surface modification of carbon paste electrode is advantageous for biosensors of CD and
AC. Modified electrode showed good electrocatalytic activity for the oxidation. The proposed method
can be applied for their determination in a mixture sample with satisfactory results.

References

N =

°osw

© N

10.
11.
12.
13.
14.

15.
16.
17.
18.

R. H. Patil, R. N. Hegde, Sharanappa T. Nandibewoor, Colloids Surf. B 83 (2011) 133.

A.S. Adekunle, J.G. Ayenimo, X.Y. Fang, W. O. Doherty, O.A. Arotiba, B.B. Mamba, Int. J.
Electrochem. Sci. 6 (2011) 2826.

L. Saghatforoush, M. Hasanzadeh, N. Shadjoua, . Khalilzadeh, Electrochim. Acta 56 (2011) 1051.
H.V. Barnes, Clinical Medicine, Year Book Medical Publisher, New York, 1988.

P. Gomes, P. Soares-da-Silva, Neuropharmacology 38 (1999)1371.

J.E.F. Reynolds (Ed.), Martindale, The Extra Pharmacopeia, The Pharmaceutical Press, London,
1993.

M. Chamsaz, A. Safavi, J. Fadaee, Anal. Chim. Acta 603 (2007) 140.

A. Safavi, M. Tohidi, J. Pharm. Biomed. Anal. 44 (2007) 313.

M. Griinhut, M. E. Centurion, W. D. Fragoso, L. F. Almeida, M. C. U. de Aragjo, B. S. Fernandez
Band, Talanta 75 (2008) 950.

W. H. Kim, M. M. Karim, S. H. Lee, Anal. Chim. Acta 619 (2008) 2.

M. Karimi, J. L. Carl, S. Loftin, J. S. Perlmutter, J. Chromatogr. B 836 (2006) 120.

K. Stulik, V. Pacakova, Electroanalytical Measurements in Flowing Liquids, Halsted

Press, New York, 1987.

P. T. Kissinger, W. R. Heineman, Laboratory Techniques in Electroanalytical Chemistry, Marcel
Dekker, New York, 1984.

R. E. Sabzi, A. Hassanzadeh, K. Ghasemlu, P. Heravi, J. Serb. Chem. Soc. 72 (2007) 993.
http://en.wikipedia.org/wiki/Paracetamol.

http://www.drugs.com/acetaminophen.html.

W. Ruengsitagoon, S. Liawruangrath, A. Townshend, Talanta 69 (2006) 976.



Int. J. Electrochem. Sci., Vol. 6, 2011 6566

19. N. Wangfuengkanagul, O. Chailapakul, J. Pharm. Biomed. Anal. 28 (2002) 841.

20. M.G. Gioia, P. Andreatta, S. Boschetti, R. Gatti, J. Pharm. Biomed. Anal. 48 (2008) 331.

21.J. Sun, L.K. Schnackenberg, R.D. Holland, T.C. Schmitt, G.H. Cantor, Y.P. Dragan, R.D. Berger,
J. Chromatogr. B 871 (2008) 328.

22. E. McEvoy, S. Donegan, J. Power, K. Altria, J. Pharm. Biomed. Anal. 44 (2007) 137.

23. M. Behpour, S. Mehdi Ghoreishi, E. Honarmand, Int. J. Electrochem. Sci. 5 (2010) 1922.

24. H. Beitollahi, J.B. Raoof, R. Hosseinzadeh, Talanta 85 (2011) 2128.

25. M. Zidan, T. W. Tee, A. H. Abdullah, Z. Zainal, G. J. Kheng, Int. J. Electrochem. Sci. 6 (2011)
279.

26. H. Beitollahi, I. Sheikhshoaie, J. Electroanal. Chem. 661 (2011) 336-342.

27. T.H. Tsai, T.W. Chen, S.M. Chen, K.C. Lin, Int. J. Electrochem. Sci. 6 (2011) 2058.

28. G. Sanchez-Obrero, M. Mayén, J. M. Rodriguez Mellado, R. Rodriguez-Amaro, Int. J.
Electrochem. Sci. 6 (2011) 2001.

29. H. Beitollahi, H. Karimi-Maleh, H. Khabazzadeh, Anal. Chem. 80 (2008) 9848.

30. B. Unnikrishnan, Y.L. Yang, S.M. Chen, Int. J. Electrochem. Sci. 6 (2011) 3224.

31. S. Shahrokhian, E. Asadian, J. Electroanal. Chem. 636 (2009) 40.

32. J.B. Raoof, R. Ojani, H. Beitollahi, Int. J. Electrochem. Sci. 2 (2007) 534.

33. H. Beitollahi, I. Sheikhshoaie, Anal. Methods 3 (2011) 1810.

34. G. Perenlei, T. W. Tee, N. A. Yusof, G. J. Kheng, Int. J. Electrochem. Sci. 6 (2011) 520.

35. J. B. Raoof, R. Ojani, H. Beitollahi, R. Hossienzadeh, Electroanalysis 18 (2006) 1193.

36. H. Beitollahi, 1. Sheikhshoaie, Electrochim. Acta, doi:10.1016/j.electacta.2011.09.017.

37. S. lijima, Nature 354 (1991) 56.

38. S. lijima, T. Ichihashi, Nature 363 (1993) 603.

39. S. Hashemnia, S. Khayatzadeh, A. A. Moosavi-Movahedi, H. Ghourchian, Int. J. Electrochem. Sci.
6 (2011) 581.

40. R. Jain, Vikas, Colloids Surf. B 87 (2011) 423.

41. H. Beitollahi, J.B. Raoof, R. Hosseinzadehc, Electroanalysis 23 (2011) 1934.

42.J. Zhang, L. P. Wang, W. Guo, X. D. Peng, M. Li, Z. B. Yuan, Int. J. Electrochem. Sci. 6 (2011)
997.

43. M. Noroozifara, M. Khorasani-Motlaghb, A. Taheria, J. Hazard. Mater. 185 (2011) 255.

44. A. A. Ensafi, E. Khoddami, H. Karimi-Maleh, Int. J. Electrochem. Sci. 6 (2011) 2596.

45. F.H. Wu, G.C. Zhao, X.W. Wei, Z.S. Yang, Microchim. Acta 144 (2004) 243.

46. X. Liu, L. Luo, Y. Ding, D. Ye, Bioelectrochemistry 82 (2011) 38.

47. AJ. Bard, L.R. Faulkner, Electrochemical Methods: Fundamentals and Applications, second ed.,
Wiley, New York, 2001.

© 2011 by ESG (www.electrochemsci.org)



http://www.electrochemsci.org/

