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ABSTRACT: The MWCNTs-COOH Paste Electrode (MCPE) was successfully used to study  

the electrochemical behavior of temozolomide in 0.2 M H2SO4 solution, phosphate buffer solution 

(0.1M PBS, pH 7.4) and 0.1M NaOH solution by Cyclic Voltammetry (CV) technique. The results 

exhibit that MCPE can remarkably enhance sensing and electrocatalytic activity towards  

the oxidation and reduction of temozolomide in acidic, neutral, and basic solutions. The effect of  

the scan rate exhibits the adsorption controlling process. The effect of pH range from 2 to 6 was investigated  

by cyclic voltammetry technique, from cyclic voltammetry study exhibits the peak current was  

pH dependent with a slope of 68 mV/pH.  The detection limit (LOD)) at MCPE were found to be 

0.056 mM,0.069 mM and 0.065 mM in 0.1M H2SO4, 0.1M PBS (pH 7.4)  and 0.1M NaOH solutions  

respectively by Cyclic Voltammetric (CV) technique. Similarly, from Linear Scan Voltammetric 

(LSV) technique, the detection limits (LOD) were found to be 0.050 mM, 0.021mM and 0.036 mM  

in acidic, neutral, and basic solution respectively. The proposed method was successfully applied  

for the determination of temozolomide in the clinical sample. 
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INTRODUCTION 

Temozolomide chemical name is 3,4-dihydro-3 

methyl-4-oxoimidazo[5,1-d]-as-tetrazine-8-carboxamide. 

 

 

 

 

 

Temozolomide (TMZ) is used to cure some brain cancers, 

TMZ is used for second-line treatment for astrocytoma  
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and first line treatment for gliobastome [1, 2], TMZ drug 

also has been approved for the treatment of recurrent 

glioma, melanoma and some solid neoplasias. 

Temozolomide (TMZ) is an anticancer prodrug  is stable 

in acidic pH ( < 5), labile in pH > 7 that is suddenly 

hydrolyzed to the active 5-(3-methyltriazen-1-yl) 

imidazole-4-carboxamide (MTIC) in neutral and alkaline 

pH values, with hydrolysis taking place even more 

rapidly at alkaline pH. Thereafter, 5-(3-methyltriazen-1-

yl) imidazole-4-carboxamide (MTIC) rapidly degrades  

to 5-aminoimidazole-4-carboxamide (AIC) and 

methyldiazonium ion [3,4] which is an active alkylating 

species [5]. These alkylating species inhibits DNA 

replication by methylating nucleotide bases with DNA of 

cancer cells and stopping to construct DNA, If the cancer 

cells can't construct DNA, these cancer cells can't split 

into 2 new cells, so the cancer can't continue to grow,  

it is also dependent upon formation of a reactive 

methyldiazonium cation from temozolomide [3,6]. 

Recently, the electrochemical interaction of  TMZ  

with DNA sample was studied and a mechanism of 

TMZ–DNA electrochemical interaction was proposed [7]. 

Electrochemical investigation of the TMZ chemical 

degradation processes in aqueous medium [8] was reported.  

Temozolomide (TMZ) is quickly and fully absorbed 

from the gastrointestinal tract after oral administration 

and the time required to reach peak plasma concentration 

(tmax) is 1 hour. It is quickly eliminated with a half-life 

(t1/2 = ln 2/k, where k is the elimination rate constant) of 

1.7 to 1.9 h and shows linear kinetics over the therapeutic 

dosing range [9, 10]. A TMZ half-life is nearly 15 min  

in vitro serum [11] and nearly 33 min and 28 min  

in water at pH = 7.9 [12] was reported. 5-(3-methyltriazen-1-yl) 

imidazole-4-carboxamide (MTIC)  half-lives is about  

1.9 hour in human plasma in vivo [13,14], nearly 25 min 

in human plasma in vitro [11,13], and 13 min in water  

nearly physiological pH= 7.9 [12] were reported. Several 

methods have been reported for the analysis of TMZ and 

its metabolites in aqueous media, such as reverse-phase 

high performance liquid chromatography (HPLC) with 

UV [11, 13, 15], micellar electrokinetic capillary 

electrophoresis (MEKC) [12, 14] and MS/MS detection 

[16], was reported. However, an electrochemical 

detection of TMZ in acidic, basic and neutral medium has 

not been carried out. The main uses of electrochemical 

detection techniques are its fast speed, low detection  
 

limits, low cost and high accuracy [17, 18].  

Recently, carbon nanotube electrode is superior to 

other carbon material electrode. Because carbon 

nanotubes have large edge plane/basal plane ratio, and 

which exhibits rapid electrode kinetics. Therefore, carbon 

nanotube based sensors commonly show lower limits  

of detection and higher sensitivities [19, 20]. In addition, 

the modified carbon nanotube paste electrodes are widely 

used in electrochemical investigations of bioactive 

compounds [21, 22].   Furthermore, incorporation of 

carboxylic acid group on carbon nanotube is the most 

general technique of functionalizing carbon nanotube  

to avoid them from agglomeration. Carboxylic acid 

functionalized carbon tube (COOH-CNTs) increases  

the hydrophilicity of carbon nanotubes, so that they  

can be eco-friendly in nature [23]. The COOH-CNTs 

improves the interfacial exchanges between the electrode 

surface and solution. In addition, the COOH-CNTs 

 and modified CCOOH-CNTs electrodes have been  

used in the electrochemical detection of some important 

compounds [24,25]. In the present work, our aim  

was to fabricate MWCNTs-COOH paste electrode 

(MCPE) and studied electrochemical investigation  

of temozolomide (TMZ).  

 

EXPERIMENTAL SECTION 

Reagents and chemicals  

All analytical grade or high purity chemicals, namely, 

K3[Fe(CN)6] from Xi Long Chemicals Industries 

(Shanghai, China).  KCl,  NaOH and H2SO4  from Strem 

Chemicals.Inc ( Newburyport, USA). Na2HPO4  

from Beijing Solarbio Science & Technology Co.Ltd 

(Beijing, China), Citric acid from and NaH2PO4 from 

Aladdin Industrial Corporation ( Shanghai, China) were 

prepared by dissolving in Millipore water. MWCNTs-

COOH from M.K Nano Co. LTD (Mssisauga, Canada) 

and silicon oil from Hang Ping Chemicals Industries 

(Fujian Sheng, China),  Temozolomide (TMZ) from 

Tokyo Chemical Industry Co.LTD (Tokyo, Japan) TMZ 

stock solution was prepared by dissolving in acetate 

buffer solutions (pH 4.0). All aqueous solutions were 

prepared using Millipore water.  

All electrochemical measurements were conducted on 

CHI 660E electrochemical workstation from Chen Hua 

Instruments Co., (Shanghai, China). A conventional 

three-electrode electrochemical system was used for all 
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the electrochemical experiments, a saturated calomel 

electrode (SCE) as reference electrode, a platinum wire  

as counter electrode, the MWCNTs-COOH paste electrode 

(MCPE) used as a working electrodes (Ø3.0mm).  

All potentials in the paper were reported versus SCE.  

In addition, the solution was purged with high-purity 

nitrogen for at least 10.0 min prior to each 

electrochemical measurement.  

 

Preparation of the MWCNTs-COOH paste electrode 

The multi walled carbon nanotube carboxylic acid-

paste electrode (MCPE) was prepared by taking weight  

of 0.24g MWCNTs-COOH in 0.25 ml silicon oil. This 

mixture was thoroughly mixed in an agate mortar  

for about 30 min and packed into a homemade Teflon cavity 

current collector and polished using soft paper.  

 

RESULTS AND DISCUSSION  

Electrochemical response for ferrocyanide and 

temozolomide at MCPE  

The electrochemical responses of 1mM K3Fe(CN)6  

in 1M KCl and 2mM temozolomide in 0.1M H2SO4, 0.1PBS 

(pH 7.4), 0.1M NaOH solutions at the Glassy Carbon 

Electrode (GCE) and MWCNTs-COOH paste electrode 

(MCPE) were measured at a scan rate of 0.05 V/s.  

The peak-potential differences (ΔEp) of 0097 V  

and 0.065V for the GCE and the MCPE respectively  

are shown in Fig.1 {A (a) & (b)}. The results exhibits greatly 

improved the cyclic voltammetry response for 1mM 

K3Fe(CN)6 at MCPE reflected by the enlargement of peak 

current and the decline of peak potential difference.  

This indicates that the MCPE exhibits good electrocatalytic 

activity than GCE. 

Cyclic voltammograms (CVs) of freshly-prepared 

2mM TMZ in the 0.1 M H2SO4, 0. 1 M PBS (pH 7.4)  

and 0.1 M NaOH solutions at GCE (curve a) and MCPE 

(curve b) are shown in Fig. 1 (B, C & D). The measured anodic 

peak potential (Epa) and cathodic peak potential (Epc) 

from Fig. 1 (B, C & D) were listed in the Table 1.  

The results exhibit enhancement of peak current and the decline 

of peak potential for 2mM TMZ in the 0.1 M H2SO4,  

0.1 M PBS (pH 7.4) and 0.1 M NaOH at MWCNTs-COOH 

paste electrode (MCPE) as compared with GCE. This 

indicates that the MCPE exhibits good electrocatalytic 

activity and electrochemical sensing property for detection 

of TMZ in acidic, basic and neutral solution.  

Effect of scan rate  

The effect of scan rate for 1mM K3Fe(CN) 6 in 1M 

KCl was studied by CV at MWCNTs-COOH paste 

electrode (MCPE). The results in Fig. 2 (a) shows  

an increase in the redox peak current at a scan rate of 0.05 

to 0.500 V/s. The graph in Fig. 2 (b) exhibited good 

linearity between the scan rate (υ) and the anodic peak 

currents for the MCPE, with correlation coefficients of 

r2=0.995. 

Similarly, the effect of scan rate for 2mM TMZ in the 

following solutions: 0.1M H2SO4, 0.1 M PBS (pH 7.4) 

and 0.1 M NaOH solutions was studied by CVs  

at MWCNTs-COOH paste electrode (MCPE). The MCPE 

exhibits increase in the peak currents with increase  

in scan rate (0.05 to 0.500 V/s) are shown in Fig. 3. (A, B, C). 

The graph of anodic peak current (Ipa) versus scan  

rate () was plotted. The graph obtained was good 

linearity between scan rate () and anodic peak current 

(Ipa) are shown in Fig. 3 (a, b, c). The correlation 

coefficient of r2= ~ 0.995, which indicate the MWCNTs-

COOH paste electrode (MCPE) reaction was adsorption 

controlled process which was supported by previously 

reported literatures [26,27].  

 

Effect of pH  

The effect of pH on the determination of TMZ  

in buffer solution(0.2M Na2HPO4 and 0.1M Citric acid 

at the MWCNTs-COOH PE was carefully investigated 

in the pH range of 2–6.0. The pH of the supporting 

electrolyte has a significant influence on the TMZ 

electrocatalysis at the MWCNTs-COOH PE by 

affecting both peak current and peak potential.  

The effect of pH value on the determination of TMZ  

in buffer solution (0.2M Na2HPO4 and 0.1M Citric acid) 

at MWCNTs-COOH PE was carefully investigated  

in a wider pH range of 2.0 to 6.0 of TMZ in the different 

pH solutions. The cyclic voltammograms shown  

in Fig.4a and illustrate the dependency of the TMZ 

anodic peak current (Ipa) and anodic potential (Epa 

(V)) on the buffer solution pH. It can be seen that  

the variation of TMZ peak current with increasing  

pH value until it reaches 6.0 [shown in Fig.4b].  

The anodic potential of TMZ shifts negatively with  

the increase of the pH value of solution and depends 

linearly on the pH value in the range of 2.0-6.0 with  

a slope of 0.068 V/pH (R2 = 0.998) (shown in Fig.4c). 
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Table 1: Electrochemical oxidation and reduction peak potentials of temozolomide (TMZ) at GCE and MWCNTs-COOH  

paste electrode (MCPE) in acidic, basic and neutral electrolyte solution. 

Electrodes 
0.2 M H2SO4 0.1M PBS (pH 7.4) 0.1M NaOH 

Epa (V) Epc (V) Epa (V) Epc (V) Epa (V) Epc (V) 

GCE + 0.48 - 0.50 0.31 - 0.22 - 

MWCNTsCOOH PE +0.24 -0.36 -0.04 -0.10 -0.045 & + 0.150 - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 1: Cyclic voltammograms with scan rate (0.05V/s) of (A) 1mM ferrocyanide in 0.1M KCl, (B) 2mM temozolomide  

in 0.1 M H2SO4, (C) 2mM temozolomide in 0. 1 M PBS (pH 7.4), (D) 2mM temozolomide  

in 0.1 M NaOH solutions at bare GCE (a) and MWCNTs-COOH paste electrode (MCPE) (b). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: (a) Cyclic voltammograms and  (b) graphs (anodic peak current (Ipa) versus the scan rate)  for 1mM ferrocyanide in 0.1 M 

KCl solutions of MWCNTs-COOH paste electrode (MCPE) at different scan rates (0.05 to 0.5 V/s). 
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Fig. 3: Cyclic voltammograms and graphs (anodic peak current (Ipa) versus the scan rate) in 0.1 M H2SO4((A) & (a) ),  

0.1 M PBS (pH 7.4) ((B) & (b)), and 0.1 M NaOH solutions ((C)& (c)) of MWCNTs-COOH paste electrode (MCPE)  

at different scan rates (0.1 to 0.5 V/s). 
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Fig. 4: (a) Cyclic voltammograms of different pH 2 to 6 

solutions  of 2mM temozolomide at the MWCNTs-COOH 

paste electrode (MCPE) (from right to left), (b) TMZ  

oxidation peak current versus pH and ( c) anodic potential 

versus pH. 

It demonstrates that the TMZ undergoes equal number of 

electron and proton transfer process, which is consistent 

with that reported in literature [28,29].  

 

The effect of the concentration of TMZ  

The Cyclic voltammetry (CV) and linear scanning 

voltammetric (LSV) technique was used for analysis of 

TMZ concentration which was varied from 0.25 to 4.25 mM 

TMZ in 0.1M H2SO4, 0.25 to 4.25 mM TMZ in  

0.1MPBS (pH 7.4) and 0.25 to 4.25 mM TMZ in 0.1M 

NaOH solutions at the MWCNTs-COOH paste electrode 

(MCPE). The obtained cyclic voltammograms and linear 

scan voltammograms are shown in Fig.5 (A,B,C) &  

Fig. 6 (A,B,C) respectively. The corresponding graphs of 

anodic peak current versus concentration of TMZ shows 

linear relationship ranges 0.25 to 4.25 mM. 

The correlation coefficient for the linearity was 

r2=~0.990 are shown in Fig. 5 (a,b,c) & Fig. 6 (a,b,c).  

The detection limit of TMZ in 0.1M H2SO4, 0.1 MPBS 

(pH 7.4), 0.1M NaOH solutions at MCPE was calculated from 

Fig.5 (a,b,c) & Fig. 6 (a,b,c) and obtained results were 

listed in Table.2. The detection limit was calculated 

according to the equation of LOD= K S/S, and K was  

a constant related to the confidence level. According  

to the suggestion of the IUPAC, the value of K is 3 at the 99% 

confidence level, S0 is the standard deviation of ten 

blank-solution measurements (no added TMZ) and S is 

the slope of the calibration graph, the proposed electrode 

showed relatively lower detection limit than the recent 

reported [28,29] and calculated by using same formula. 

The sensitivity from the slope of calibration plot from 

{Fig.5 (a,b,c) & Fig. 6(a,b,c)} were calculated and 

obtained results were listed in the Table 2.  

 

Application to real system  

The practical application of the MWCNTs-COOH 

paste electrode (MCPE) was demonstrated by the 

quantitative determination of temozolomide (TMZ) in 

human blood serum sample. The procedure followed is as 

follows; 10 mL of human serum sample without any 

pretreatment was diluted to 100 mL with 0.1M H2S04 

solution. Each experiment was carried out at least 5 times 

and the results are presented in Table 3. The obtained 

recovery and Relative Standard Deviation (RSD) seems 

to be very good, indicating the performance of the 

MWCNTs-COOH paste electrode (MCPE).  
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Fig. 5: Cyclic voltammograms and graphs (peak current versus concentration) of 0.25 to 4.25 mM TMZ in 0.1 M H2SO4 ((A) & 

(a)), 0.25 to 4.25 mM TMZ in 0.1 M PBS (pH 7.4) ((B) & (b)) and 0.25 to 4.25 mM TMZ in 0.1 M NaOH solutions ((C)&(c)) at 

MWCNTs-COOH paste electrode (MCPE). 
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Fig. 6: Linear scanning voltammograms (LSV) and graphs (peak current versus concentration) of 0.25 to 4.25 mM TMZ in 0.1 M 

H2SO4 ((A) & (a)), 0.25 to 4.25 mM TMZ in 0.1 M PBS (pH 7.4) ((B) & (b)) and 0.25 to 4.25 mM TMZ in 0.1 M NaOH solutions 

((C)&(c)) at MWCNTs-COOH paste electrode (MCPE). 
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Table 2: Listed analytical performance such as detection limit (LOD) and sensitivity of MWNTS- COOH  

paste electrode for Temozolomide detection. 

Analytical Parameters 
0.2MH2SO4 solutions 0.1M PBS solutions (pH 7.4) 0.1M NaOH Solutions 

CV LSV CV LSV CV LSV 

LOD (mM) 0.056 0.051 0.069 0.021 0.065 0.036 

Sensitivity (A/mM) 0.0132 0.0142 0.001 0.002 0.075 0.0012 

 

Table 3: Determination of TMZ in human blood serum by using MWNTS- COOH paste electrode (number of trial = 5). 

Samples Spiked TMZ sample (mM) Found (mM) Recovery (%) RSD (%) 

Blood Serum 

0.3 0.3 100 1.80 

0.4 0.398 99.5 0.88 

0.5 0.497 99.4 2.41 

 

CONCLUSIONS 

The MWCNTs-COOH paste electrode (MCPE) exhibits 

remarkable enhancement of peak currents response, low 

detection and high sensitivity for detection of temozolomide 

(TMZ). The MCPE is found to be very effective when applied 

to clinical sample. The MCPE show high electrocatalytic 

activity and electrochemical sensing towards detection of 

TMZ. It is expected that the MCPE based method may found 

application as an electrochemical sensor for detection of TMZ 

concentration in the real samples. In addition, due to  

the easiest of the preparation procedures, fast routine detection 

of TMZ can be achieved by this method.  
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