
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Analytical
 Methods

www.rsc.org/methods

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Analytical Methods RSCPublishing 

ARTICLE 

This journal is © The Royal Society of Chemistry 2013 Anal. Methods, 2015, 00, 1-3 | 1 

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 

Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

 

 

 

 

 

 

 

 

Selective determination of mefenamic acid in 

the presence of 1000-fold excess paracetamol 

and caffeine using multiwalled carbon 

nanotubes-polymer composite electrode 

K. Rajalakshmi and S. Abraham John
* 

` This article describes the selective and sensitive determination of Mefenamic acid (MA) 

using carboxylated multiwalled carbon nanotubes (FMWCNTs) -nanostructured conducting 

polymer (p-ATT)  composite modified glassy carbon (GC) electrode in 0.2 M phosphate buffer 

solution (PBS, pH 7.2). The bare GC electrode failed to show a stable response for MA oxidation 

due to the surface fouling caused by the oxidized product of MA. However, the FMWCNTs/p-ATT 

composite electrode showed 2.4-fold higher oxidation current with 70 mV less positive potential 

for MA when compared to bare GC electrode. The higher electrocatalytic activity of MA at 

composite modified electrode may be due to the hydrogen bonding and electrostatic interactions 

between p-ATT and MA besides the π-π interaction between the FMWCNTs and p-ATT. Further, 

the FMWCNTs/p-ATT composite electrode showed extreme selectivity towards MA in the 

presence of 1000-fold excess of paracetamol (PA) and caffeine (CAF) and 3330-fold excess of 

other common interferences. The amperometric current response was increased linearly with 

increasing MA concentration in the range of 40-5000 nM with a correlation coefficient of 0.9980 

and the limit of detection was found to be 90 pM (S/N=3). The practical application of the present 

modified electrode was successfully demonstrated by determining MA in commercial drug 

samples.   

 

Introduction 

Mefenamic acid (MA, 2-[(2,3-dimethylphenyl)amino]benzoic 

acid) (Chart 1) is a non-steroidal anti-inflammatory drug with 

analgesic and antipyretic properties. [1]  It is widely used in the 

treatment of diseases like osteoarthritis, non-articular 

rheumatism, sports injuries and rheumatoid arthritis.[1] It is also 

used to treat autoimmune haemolytic anaemia.[2] The degree of 

menstrual blood loss was reduced with the treatment of MA.[3] 

MA inhibits prostaglandin action, prophylaxis and it is used as 

a first line treatment in contraceptives. [4] However, the 

excessive intake of MA leads to diarrhoea, vomiting, lactic 

acidosis, purpura, hepatic necrosis, liver injury, morbidity and 

mortality in humans. [5-7]  Hall et al. reported that the treatment 

with MA leads to acute colitis in patients. [8]  The lower 

tolerance value of MA concentration in serum is 25 µg L-1. [9]  

Hence, development of  a suitable method for the sensitive 

determination of MA in biological samples is very essential.  

 Paracetamol (PA (N-acetyl p-aminophenol)) (Chart 1) is an 

effective analgesic for fever, moderate pain, lumbar pain and 

migraine. [10]  It is an effective drug, alternative to aspirin, while 

using PA the secondary effects of salicylates on the gastric 

mucosa are absent.[11] An overdose of PA can lead to the 

accumulation of toxic metabolites, which may cause fatal 

hepatotoxicity, nephrotoxicity, liver disorders, skin rashes and 

inflammation of the pancreas. [12] On the other hand, caffeine 

(CAF (1,3,7-trimethylxanthine) (Chart 1) is a N-methyl 

derivative of xanthine that is widely present in coca nuts, coca-

cola, coffee, coffee bean and tea leaves.[13]  A dose of 200-500 

mg of CAF is sufficient for a mild stimulation by increasing the 

release of adrenaline. [14]  However, use of CAF for a prolonged 

time can lead to hypertension, nervousness, vomiting, 

irritability, anxiety, cardiac arrest and tremorsa. [15]  When 

consumed excessively, it leads to inhibition of DNA repair and 

cyclic AMP phophodiesterase activity. [16]   

 Combinations of MA and PA are frequently prescribed for 

analgesic and anti-inflammatory use in rheumatoid arthritis [17] 

and combination of MA and CAF also widely used for migraine 

attacks.[18] Creapigny et al. reported that CAF potentiates the 
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nephrotoxicity of the MA on rat renal papilla.[19] Bach et al. 

reported that the analgesic efficacy was increased while using 

analgesics like PA and MA with coformulation of CAF. [20] 

Normally, in this combination, low concentration of MA 

present along with high concentrations of PA. [17] Thus, it is 

essential to determine trace level of MA in the presence of high 

concentration of PA and CAF.  

 Several methods are available to determine MA which 

include UV-Vis spectrophotometry [17], HPLC [21] and 

potentiometry [22]. However, spectrophotometry method failed 

to determine MA in the presence of PA because the absorption 

bands of these compounds overlapped with each other. [23] The 

other techniques have disadvantages of high cost, time 

consuming, low sensitivity and selectivity and involving 

tedious method. On the other hand, electrochemical method has 

advantages of less time consuming, high sensitivity and 

selectivity, easy to handle and low cost. MA is an 

electrochemically active compound. The electrochemical 

determination of MA has been already reported.[23-27] In the 

reported papers, MA or PA or CAF was either individually 

determined or PA and MA or PA and CAF were simultaneously 

determined.[23-27]  To the best of our knowledge, no report is 

published in the literature for either the determination of  low 

concentration of MA in the presence of high concentrations of 

PA and CAF or simultaneous determination of  all the three 

compounds.  

 Carbon based materials and their composites have received 

enormous interest because of their interesting electrochemical 

sensing applications.[28,29] Recently, we have successfully 

prepared a composite film containing multiwalled carbon 

nanotubes (FMWCNTs)-nanostructured film of 5-amino-2-

mercapto-1,3,4-thiadiazole (p-ATT) film on GC electrode.[30] 

The objective of the present study is to utilize the 

FMWCNTs/p-ATT composite film for the selective 

determination of MA in the presence of large excess of PA and 

CAF and also simultaneous determination of these analytes 

using the FMWCNTs/p-ATT composite modified electrode. It 

was found that the composite modified electrode dramatically 

enhanced the MA oxidation current and also shifted the 

oxidation potential towards less positive potential when 

compared to bare GC electrode. Further, it shows high 

selectivity towards MA even in the presence of 1000-fold 

excess of both PA and CAF and also 3330-fold excess of other 

common interferences. The amperometric current response was 

increased linearly with a correlation coefficient of 0.9980 and 

the limit of detection was found to be 90 pM (S/N = 3).   

 

 

 

 

 

 

 

Chart 1 Structures of mefenamic acid, paracetamol and caffeine. 

Experimental  

Chemicals 

5-amino-1,3,4-thiadiazole-2-thiol (ATT), multiwalled carbon 

nanotubes (FMWCNTs), dicyclohexylcarbodiimide (DCC), 

1,8-octanediamine (OD), mefenamic acid (MA), paracetamol 

(PA) and caffeine (CAF) were purchased from Aldrich, India 

and were used as received. Na2HPO4 and NaH2PO4 were used 

to prepare the phosphate buffer solution (PBS, pH 7.2) with 

double distilled water and pH of the PBS was varied by 

adjusting with ortho-phosphoric acid and sodium hydroxide. 

All other chemicals used in this investigation were of analytical 

grade. 

Instrumentation  

Electrochemical measurements were performed in a 

conventional two-compartment three electrode cell with a 

mirror polished 3 mm GC electrode as a working electrode, Pt 

wire as a counter electrode and NaCl saturated Ag/AgCl as a 

reference electrode. The electrochemical measurements were 

carried out with a CHI model 634B electrochemical 

workstation (CH Instruments, Austin, TX, USA). For 

differential pulse voltammetry (DPV) measurements, a pulse 

width of 0.06 s, amplitude of 0.05 V, a sample period of 0.02 s 

and a pulse period of 0.20 s were used. All the electrochemical 

measurements were carried out under a nitrogen atmosphere at 

27°C.  

Fabrication of FMWCNTs and FMWCNTs/p-ATT modified GC 

electrode  

The FMWCNTs and FMWCNTs/p-ATT modified GC 

electrodes were prepared according to our recent report.[30] 

Briefly, the GC electrode was polished with 0.05 µm alumina 

slurry and rinsed thoroughly with water. Then, the electrode 

was sonicated in water for 5 min to remove the adsorbed 

alumina particles. The cleaned GC electrode was immersed in 

an ethanolic solution of 1 mM OD for 8 h. The electrode was 

then washed with ethanol and subsequently with water. The OD 

modified GC electrode was immersed into a solution containing 

1:1 volume ratio of 0.2 mg/ml FMWCNTs and 2 mM DCC in 

ethanol for 4 h. The FMWCNTs were attached on the GC 

electrode through amide bond by the condensation reaction 

between the amine groups at the terminal end of the SAM and 

acid groups of the FMWCNTs. This electrode is termed as 

GC/OD/FMWCNTs. The FMWCNTs-polymer composite 

electrode was prepared by electropolymerizing 1 mM ATT on 

GC/OD/FMWCNTs by 15 successive potential cycles between   

-0.2 V and +1.7 V at a scan rate of 50 mV s-1 in 0.1 M 

H2SO4.
[30] For control experiments, the GC/p-ATT electrode 

was prepared under identical conditions on bare GC electrode. 

After the deposition of the p-ATT film, the electrode was 

washed with water and kept in PBS before used for 

electroanalysis.  

Results and discussion 
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Electrochemical oxidation of MA at different modified 

electrodes  

Fig. 1 displays the  cyclic voltammograms (CVs) obtained for 

0.5 mM MA at bare GC, GC/p-ATT, GC/OD/FMWCNTs and 

GC/OD/FMWCNTs/p-ATT modified electrodes in 0.2 M PBS 

(pH 7.2). The bare GC electrode shows a broad irreversible 

oxidation wave at 0.69 V for MA in the first cycle (curve a). 

The oxidation of MA involves one electron and one proton. 

This is evidenced its oxidation at different pH. The plot of 

potential vs. pH gives the slope value of 60 mV/pH. It indicates 

that MA oxidation involves equal number of proton and 

electron. [31,32] The reaction mechanism is shown in Scheme 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 CVs obtained for 0.5 mM of MA at (a) bare GC, (b) GC/p-ATT, (c) 

GC/OD/FMWCNTs and (d) GC/OD/FMWCNTs/p-ATT electrodes in PBS (pH 7.2) at 

a scan rate of 50 mV s
-1

. 

 

 

 

 

 

                

Scheme 1 Electrochemical oxidation mechanism of MA. 

After four cycles, the oxidation current was decreased markedly 

(S1: curve a’). This may be due to the surface fouling caused by 

the adsorption of the radical species of MA. The GC/p-ATT 

electrode shows a sharp oxidation peak at 0.63 V with an 

enhanced oxidation current for MA when compared to bare GC 

electrode (curve b). The obtained 60 mV less positive potential 

and 1.4-fold higher oxidation current at GC/p-ATT electrode 

were attributed to the hydrogen bonding interaction between the 

-NH- group of MA and the heterocyclic nitrogen atom present 

in p-ATT. At physiological pH (7.2), MA exists as an anionic 

form. Hence, the electrostatic interaction between -COO- of 

MA and -N+.H - of the p-ATT is also possible [33] (Scheme 2). 

After four cycles, the oxidation current of MA was slightly 

decreased (S1: curve b’).  The GC/OD/FMWCNTs modified 

electrode shows an oxidation peak for MA at 0.66 V with 1.7-

fold higher oxidation current when compared bare GC electrode 

(curve c). This may be due to the π-π attraction between MA 

and the FMWCNTs. After four cycles, the oxidation peak was 

appeared at 0.69 V with decreased peak current (S1: curve c’). 

The obtained results revealed that the oxidation of MA is 

sluggish at the above electrodes and not suitable for the stable 

determination of MA. On the other hand, the 

GC/OD/FMWCNTs/p-ATT electrode shows a sharp oxidation 

peak at 0.62 V with an enhanced current for MA (curve d). 

When compared to bare GC electrode, the oxidation peak of 

MA remains stable even after 4 cycles (S1: curve d’).  The 

obtained 2.4-fold higher oxidation current with 70 mV less 

positive potential for MA at FMWCNTs/p-ATT electrode are 

attributed to the hydrogen bonding interaction between the        

-NH- group of MA and the heterocyclic nitrogen atom present 

in p-ATT and the electrostatic interaction between the -COO-  

of MA and -N+.H- of the p-ATT besides of π-π interaction 

between FMWCNTs and MA (Scheme 2). These effects 

enhanced the oxidation current of MA with 70 mV less positive 

potential shift than bare GC. The obtained higher oxidation 

current at FMWCNTs/p-ATT in contrast to p-ATT electrode 

clearly indicates that even after the deposition of p-ATT, π-π 

interaction between MA and FMWCNTs is not completely 

vanished.   

 

 

 

 

 

 

 

 

 

 

                 

Scheme 2 Possible interactions between MA and the composite electrode. 

Simultaneous determination of PA, MA and CAF 

One of the objectives of the present study is to simultaneously 

determine PA, MA and CAF using FMWCNTs/p-ATT 

electrode. Fig. 2 shows the DPVs obtained for 3 µM PA, 5 µM 

MA and 40 µM CAF at GC/OD/FMWCNTs/p-ATT electrode 

in 0.2 M PBS (pH 7.2).  It shows well separated voltammetric 

signals for 3 µM PA, 5 µM MA and 40 µM CAF (curve a) at 

0.32, 0.54 and 1.36 V, respectively. When the concentration of 

PA was increased from 3 µM to 27 µM, MA was increased 

from 5 µM to 45 µM and CAF was increased from 40 µM to 

360 µM (curve a-i), the corresponding peak currents were 
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increased linearly with correlation coefficients of 0.9971 (inset 

A), 0.9957 (inset B) and 0.9974 (inset C), respectively. 

Selective determination of MA in presence of PA and CAF 

The main intention of the present study is to determine low 

concentration of MA in the presence of high concentrations of 

PA and CAF. Since high dose of MA leads to several diseases 

and MA mainly co-formulated with PA and CAF an accurate 

determination of MA is very important in the presence of PA 

and CAF. Fig. 3 shows the DPVs obtained for the increment of 

0.5 µM of MA to a solution of 0.5 mM PA and 0.5 mM CAF at 

FMWCNTs/p-ATT in 0.2 M PBS (pH 7.2). A well-defined 

peak at 0.55 V was observed for 0.5 µM MA even in the 

presence of 1000-fold excess of PA and CAF. This reveals that 

the detection of low concentration of MA is possible even in 

the presence of high concentration of PA and CAF. The 

oxidation current for each addition of 0.5 µM MA to a solution 

of 1000-fold excess of PA and CAF increases linearly with a 

correlation coefficient of 0.9960 (inset A) while the peak 

currents of both PA and CAF were unchanged. These results 

show that the FMWCNTs/p-ATT electrode was more selective 

towards the oxidation of MA even in the presence of 1000-fold 

higher concentrations of PA and CAF 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 DPVs obtained for each increment of 3 µM PA, 5 µM MA and 40 µM CAF 

(curves a-i) at GC/OD/FMWCNTs/p-ATT electrode in 0.2 M PBS (pH 7.2). A, B and 

C are the plots obtained for current vs. concentration of PA, MA and CAF, 

respectively. 
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Fig. 3 DPVs obtained for each increment of 500 nM MA (curves a-i) at 

GC/OD/FMWCNTs/p-ATT electrode in the presence of 0.5 mM PA and 0.5 mM 

CAF in 0.2 M PBS (pH 7.2). Insets: Expanded view of 500 nM MA addition and (A) 

corresponding calibration plot. 

Amperometric determination of MA 

Amperometric method was used to examine the sensitivity of 

GC/OD/FMWCNTs/p-ATT electrode towards the detection of 

MA. Fig. 4A and Fig. 4B show the amperometric i-t curves for 

MA at FMWCNTs/p-ATT composite electrode in a 

homogeneously stirred 0.2 M PBS (pH 7.2) by applying a 

constant potential of 0.70 V. The modified electrode shows the 

initial current response due to 5 nM MA (Fig. 4A) and further 

addition of 5 nM MA in each step with a sample interval of 50s 

increases the current response. The dependence of response 

current with respect to concentration of MA was linear from 5 

to 50 nM with a correlation coefficient of 0.9997 (inset Fig. 

4A).  

 

 

 

 

 

 

 

 

 

Fig. 4 Amperometric i-t curve for the determination of MA at 

GC/OD/FMWCNTs/p-ATT modified electrode in 0.2 M PBS (pH 7.2). (A) Each 

addition increases the concentration of MA by 5 nM at a regular interval of 50 s.  

(B)  Each addition increases the concentration of 40, 80, 150, 300, 600, 1200, 

2400 and 5000 nM MA at a regular interval of 50 s. Eapp = +0.7 V (Insets: 

corresponding linearity plots). 

The amperometric current response was also increased linearly 

with increasing MA concentration in the dynamic range of 40 

to 5000 nM (Fig. 4B). The amperometric current response was 

increased linearly from 40-5000 nM with a correlation 

coefficient of 0.9980 and the limit of detection was found to be 

90 pM (S/N = 3). Further, the dynamic range and the limit of 

detection of MA obtained in the present study was compared 

with the reported papers and are given in Table 1. It can be seen 

from Table 1, the present method showed the lowest limit of 

detection for MA when compared to the reported papers. [23-27] 

For example, the limit of detection of 40 nM was reported at 

copper (II) doped zeolite modified carbon paste electrode[23], 

while 10 nM was reported at MWCNTs-AuNPs-DHP/GC 

electrode .[24] At RTIL-MWCNTs-CHIT/GC modified 

electrode, limit of detection of 1.2 µM was reported .[26] 

Besides high sensitivity of the present method, electrode 

modification procedure is also easy when compared to the 

reported papers .[24,26] 
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Fig. 5 shows amperometric response of 30 nM MA in 0.2 M 

PBS (pH 7.2) in the presence of various physiological 

interferences at GC/OD/FMWCNTs/p-ATT modified electrode. 

It shows no change in the amperometric current response for 30 

nM MA (a) in the presence of 100 µM of each proline, 

methionine, alanine, asparagine, aspartic acid, glucose and 

arginine. This indicates that the present composite electrode is 

highly selective towards the determination of MA in the 

presence of 3330-fold excess of these interferences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Amperometric i-t curve for the determination of (a) 30 nM MA in the 

presence of 100 µM each (b) proline, (c) methionine, (d) alanine, (e) asparagine, 

(f) aspartic acid, (g) glucose and (h) arginine at GC/OD/FMWCNTs/p-ATT 

electrode in 0.2 M PBS (pH 7.2) at a regular interval of 50 s. Eapp = +0.7 V. 

Table 1 Comparison of present method of limit of detection for 

MA with the previously reported papers. 
 

Determination of MA in commercial drugs 

The practical application of FMWCNTs/p-ATT modified 

electrode was tested by measuring the concentration of MA in 

commercially available tablets. The MA containing three 

different commercial tablets were employed. The labeled 

concentrations of MA in tablets is 25, 250 and 500 mg, 

respectively. The modified electrode showed the concentration 

of 24.9 for the addition of 25 mg MA with a recovery of  99.6 

(Fig.S2A, Table 2).  Similarly, for the addition of 250 and 500 

mg MA showed the concentration of 249.5 and 500 with 

recoveries of 99.8 and 100%, respectively (Table 2). The 

obtained  good recovery results reveal that the present method 

could be applied to determine MA in real samples. The 

estimated RSD values for five times parallel detection is 1.12 

and 1.16%. These results indicated that the present method 

could be efficiently used for the determination of MA in 

pharmaceutical formulations. We have compared the present 

method of determination of MA with HPLC method and 

obtained 1.2% variation between the two methods. We also 

carried out linear addition of MA contained commercial drug in 

0.2 M PBS and shown in Fig.S2B. It shows good linearity with 

the oxidation current and concentration of MA with a 

correlation coefficient of 0.9938. This indicates that the present 

method is highly reliable for the determination of MA in real 

samples.  

Table 2 Determination of MA in commercial drugs using 

GC/OD/FMWCNTs/p-ATT electrode.   

Stability of the GC/OD/FMWCNTs/p-ATT electrode 

 In order to investigate the stability of the 

GC/OD/FMWCNTs/p-ATT electrode, the CVs for 5 µM MA in 

0.2 M PBS (pH 7.2) were recorded at every 5 min interval. It 

was found that the peak currents remained same with a relative 

standard deviation of  1.1 % for 15 repetitive measurements 

indicating that the modified electrode has a good 

reproducibility and does not experience surface fouling during 

the voltammetric measurements. The current response 

decreased about 1.4 % in 2 weeks when the electrode was kept 

in PBS (pH 7.2). To ascertain the reproducibility of the results 

further, three different GC/OD/FMWCNTs/p-ATT modified 

electrodes and their response towards the oxidation of 5 µM 

MA was recorded by 15 repeated measurements. The peak 

current showed a relative standard deviation of 1.9 %, 

confirming that the results are reproducible. The above results 

showed that the present modified electrode was very stable and 

reproducible towards MA. 

Conclusions 

 The present work demonstrates that the FMWCNTs/p-ATT 

composite modified electrode offers a simple and reliable 

method for the sensitive and selective determination of MA. 

The bare GC, GC/p-ATT, GC/OD/FMWCNTs electrodes failed 

to show a stable electrochemical response towards MA 

oxidation. On the other hand, the GC/OD/FMWCNTs/p-ATT 

modified electrode not only shifted the oxidation potential 

towards less positive potential but also enhanced the oxidation 

current with stable voltammetric signal for MA when compared 

to bare GC electrode. The enhanced oxidation current with 70 

mV less positive shift of MA at FMWCNTs/p-ATT composite 

modified electrode was due to the hydrogen bonding interaction 

S. 

No 

Electrodes Limit of detection 

(nM) 

References 

1 MWCNTs-Graphite/Ag 

electrode 

16 25 

2 RTIL-MWCNTs-CHIT/GC 
electrode 

1235 26 

3 MWCNTs-CHT/GC 

electrode 

660 27 

4 GC/OD/FMWCNTs/p-AMT 

electrode 

0.09 This work 

Commercial 

drugs 

Labelled (mg) Found (mg) Recovery (%) 

Tablet 1 25 24.9 99.6 

Tablet  2 250 249.5 99.8 

Tablet  3 500 500 100 
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between the -NH- group of MA and the heterocyclic nitrogen 

atom present in p-ATT and the electrostatic interaction between 

the –COO- of MA and -N+.H- of the p-ATT besides facilitation 

of π-π interaction between FMWCNTs and MA.  The DPV 

current increases linearly while increasing the concentration of 

MA from 0. 5 to 4.5 µM even in the presence of 1000-fold 

excess of PA and CAF. The detection of 5 nM of MA was 

achieved at the FMWCNTs/p-ATT composite modified 

electrode using the amperometry method. The amperometric 

current response was increased linearly while increasing MA 

concentration in the dynamic range of 40 to 5000 nM with a 

correlation coefficient of 0.9980 and the limit of detection was 

found to  be 90 pM (S/N=3).  The practical application of the 

present modified electrode was successfully demonstrated by 

determining the concentration of MA in commercial drug 

samples.   

Acknowledgement  

 K. Rajalakshmi thanks the University Grants Commission 

(UGC), New Delhi for the financial support under the scheme 

of meritorious student fellowship and financial support from 

Department of Biotechnology 

(BT/PR10372/PFN/20/904/2013), New Delhi is greatly 

acknowledged. 

Address 

Centre for Nanoscience and Nanotechnology, Department of Chemistry, 

Gandhigram Rural Institute, Gandhigram-624302, Dindigul, Tamilnadu, 

India; E–mail: abrajohn@yahoo.co.in, s.abrahamjohn@ruraluniv.ac.in; Tel: 

+91 451 245 2371; Fax : + 91 451 245 3031. 

Electronic Supplementary Information (ESI) Available: 

CVs obtained for 0.5 mM  MA (a) bare GC, (b) GC/p-ATT, (c) 

GC/OD/FMWCNTs and (d) GC/OD/FMWCNTs/p-ATT 

composite modified electrodes in PBS (pH 7.2) at a scan rate of 

50 mV s-1 (dashed lines are the respective fourth cycles) and 

(A) DPVs obtained for (a) PBS only (b) after spiked with MA 

drug sample, (B) DPVs obtained for the linear addition of 

commercial drug sample of MA at GC/OD/FMWCNT/p-ATT 

modified electrode in 0.2 M PBS (pH 7.2). See DOI: 

10.1039/b0000. 

References 

1.    S. Muraoka, T. Miura, Life Sci. 2003, 72, 1897-1907. 

2.  G. L. Scott, A. B. Myles, P. A. Bacon, Brit. Med. Jl. 1968, 3,  534- 

535.                   . 

3.   I. Cameron, R. Haining, M. A. Lumsden, V. R. Thomas, S. K. Smith, 

Obset. Gynecol. 1990, 76, 85-88. 

4.   T. I. J. Hillen, S. L. Grbavac, P. J. Johnston, J. A. Y. Straton, J. M. F.    

Keogh, J. Adolescent Health, 1999, 25,  40-45. 

5.    Reports of side effects associated with the use of drugs, 1979. 

6.   N. Somchit, F. Sanat, E. H. Gan, I. A. W. Shahrin, A. Zuraini, Singap. 

Med. J. 2004, 45,  530-532. 

7.    Y. Pirson, C. Y. Strihou, Am. J. Kid. Dis. 1986, 8, 338-344. 

8.  R. I. Hall, A. H. Petty, I. Cobden, R. lendrum, Brit. Med. Jl. 1983,       

287, 1182. 

9.   www.us.es/toxicologia/13conc/infota.html. 

10. M. E. Bosch, A. J. R. Sanchez, F. S. Rojas, C. B. Ojeda, J. 

Pharmaceut. Biomed. 2006, 42,  291-321. 

11. D. J. Miller, R. Hickman, R. Fratter, J. Terblanche, S. J. Saunders, 

Gastroenterology 1976, 71, 109-113. 

12.  C. A. Mugford, J. B. Tarloff,  Toxicol. Lett. 1997, 93, 15-22. 

13. C. L. Leson, M. A. McGuigan, S. M. Bryson, J. Toxicol. Clin. 

Toxicol. 1988, 26, 407-415. 

14. S. Gokulakrishnan, K. Chandraraj, S. N. Gummadi, Enzyme Microb. 

Tech. 2005, 37, 225-232. 

15.  S. Kerrigan, T. Lindsey, Forensic. Sci. Int. 2005, 153, 67-69. 

16. Y. Fujiwara, M. Tatsumi, Mutat. Res. Fund. Mol. M. 1976, 37, 91-

109. 

17. S. Das, S. C. Sharma, S. K. Talwar, P. D. Sethi, Analyst 1989, 114, 

101-103. 

18. V. Pfaffenrath, S. Scherzer, Cephalalgia Suppl. 1991, 15, 14-19. 

19. P. C. Crespigny, T. Hewitson, I. Birchall, P. K. Smith, Am. J. 

Nephrol. 1990, 10, 311-315. 

20. P. H. Bach, W. Berndt, E. Delzell, U. Dubach, W. F. Finn, J. M. Fox, 

R. Hess, P. Michielsen, S. Dale, P. Sandler, B. Trump, G. Williams, 

Renal Failure 1998, 20, 749-762. 

21. M. R. Rouini, A. Asadipour, Y. H. Ardakani, F. Aghdasi, J. 

Chromatogr. B 2004, 800, 189-192. 

22. A. O. Santini, H. R. Pezza, L. Pezza, Sens. Actuators B 2007, 128, 

117-123. 

23. A. Babaei, B. Khalizadeh, M. Afrasiabi, J. Appl. Electrochem. 2010, 

40, 1537-1543. 

24.  J. Yu, J. Li, F. Zhao, B. Zeng, J. Braz. Chem. Soc. 2008, 19, 849-855. 

25. A. B. Moghaddam, A. Mohammadi, S. Mohammadi, Pharmaceut. 

Anal. Acta 2012, 3, 1-6. 

26. S. Kianipour, A. Asghari, IEEE Sensors Journal 2013, 13, 2690-

2698. 

27. A. Babaei, M. Afrasiabi, M. Babazadeha, Electroanalysis 2010, 22, 

1743-1749. 

28.  R. N. Goyal, V. K. Gupta, S. Chatterjee, Talanta 2008, 76, 662-668. 

29. R. N. Goyal, V. K. Gupta, N. Bachheti, R. A. Sharma, Electroanalysis 

2008, 20, 757-764. 

30. K. Rajalakshmi, S. A. John, Electrochim. Acta 2015, DOI: 

10.1016/j.electacta. 2015.01.108. 

31.  L. Liu, J. Song, Anal. Biochem. 2006, 354, 22-27. 

32. S. D. Bukkitgara, N. P. Shettia, D. A. Nayaka, G. B. Bagehallia, S. T. 

Nandibewoorb, Der. Pharma. Chemica 2014, 6, 258-268. 

33.  P. Kalimuthu, S. A. John, Electroanalysis 2010, 22, 303-309. 
 

 

 

 

 

 

Page 6 of 6Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t


