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Abstract
A simple and ultrasensitive sensor based on carbon paste electrode (CPE) modified by multiwall carbon nanotube (MWCNT) 
was developed for the electrochemical determination of anticancer drug dacarbazine (Dac). The electrochemical behavior of 
Dac was studied in 0.1 M phosphate buffer solution (PBS) using cyclic voltammetry (CV) while differential pulse voltam-
metry (DPV) was used for quantification. Compared with the unmodified carbon paste electrode, the modified electrode 
facilitates the electron transfer of Dac, since it notably increases the oxidation peak current of Dac. The electronic transfer 
property of the MWCNT carbon paste electrode was characterized by electrochemical impedance spectroscopy (EIS). Also, 
morphology of the electrode was characterized by scanning electron microscopy (SEM). Under optimized conditions, the 
modified electrode exhibited a linear response over the concentration ranging from 0.4 to 40 nM and 40–2500 nM Dac, with 
a detection limit of 0.12 nM. The proposed sensor exhibited a high sensitivity, good stability and was successfully applied for 
Dac determination in pharmaceutical sample, with good percentage recovery. In addition, to evaluate precision and accuracy 
of DPV method, high-performance liquid chromatography (HPLC) method was used.
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Abbreviations
Dac  Dacarbazine
MWCNT  Multiwall carbon nanotube
CPE  Carbon paste electrode
MCPE  Modified carbon paste electrode
MWCNT/CPE  Multiwall carbon nanotube carbon paste 

electrode
CV  Cyclic voltammetry
DPV  Differential pulse voltammetry
HPLC  High-performance liquid 

chromatography
SEM  Scanning electron microscopy
EIS  Electrochemical impedance spectroscopy
SCE  Saturated calomel electrode
LOD  Limit of detection
LOQ  Limit of quantitation
RSD  Relative standard deviation

Introduction

Dacarbazine (scheme 1) is an anticancer drug which is used 
for the treatment of Hodgkin’s disease, malignant melanoma, 
childhood solid tumors and soft tissue sarcoma [1]. In recent 
years, Dac has arisen as important chemotherapeutic agent, 
in particular for the treatment of malignant melanoma [2]. 
Dac causes methylation of the DNA bases and these DNA 
lesions lead to cell death, mainly via apoptosis [3]. It is the 
only US Food and Drug Administration (FDA)-approved 
chemotherapeutic agent for treating wild-type melanoma, a 
skin cancer that accounts for the vast majority of skin cancer 
deaths. It is the most active single agent currently used for 
treating metastatic melanoma [4]. Also, Dac is supplied as 
a sterile lyophilized powder that can be reconstituted for 
intravenous injection. Dacarbazine can also be dispensed 
orally, but this way of administration is limited because 
of its incomplete absorption in the body [5]. Like other 

chemotherapeutical agents, Dac also causes side effect by 
killing normal dividing cells [4]. The widespread use of Dac 
and the need for clinical and pharmaceutical studies require 
fast and sensitive analytical techniques to determine this 
drug in a variety of biological fluids and in the environment 
[6]. Stability and compatibility assays of pharmaceutical for-
mulations of Dac by LC-UV [7–10] and LC–MS [11] have 
been described. Both of these methods have also been used 
for the quantification of Dac and its degradation products 
in urine and plasma [12–14]. Also, HILIC-MS/MS method 
with a two-step extraction process is applied for the analysis 
of Dac and its terminal metabolite (5-amino-4-imidazole-
carboxamide) in human plasma [14].

Carbon nanotubes (CNTs) exhibit excellent mechanical, 
electrical and electrocatalytic properties [15]. In the past 
decade, massive amount of works have been done on both 
multiwall carbon nanotube (MWCNT)- and single-walled 
carbon nanotube (SWCNT)-based electrochemical sensors 
and biosensors [16]. Carbon nanotubes (CNTs) are consid-
ered as an important group of nanostructures with attractive 
electronic, chemical and mechanical properties [17, 18]. The 
compatibility and electrochemical applications of CNTs to 
immobilize a variety of species on their external and internal 
surfaces have been reported [19–23]. Multiwall carbon nano 
tubes (MWCNTs) have attracted considerable attention in 
electrochemical field because of their unique physical and 
chemical properties [24, 25]. MWCNTs are often used in the 
fabrication of sensors to promote the electron transfer reac-
tions of various molecules and increase the available electro-
active surface area of various electroactive substances [26].

Remarkable research and development activities aimed at 
the realization of biosensors for the measurement of chemi-
cal and biological compounds have been witnessed in the 
recent years [27]. In addition, characteristics such as higher 
selectivity, better sensitivity, higher speed, repeatability, cost 
and time made electrochemical methods more suitable for 
measurement of some drugs [28]. Due to advantages such as 
non-toxic, low background current, wide applicable poten-
tial range, rapid renewability and easy fabrication, modified 
carbon paste electrode (MCPE) has attracted considerable 
attention in recent years [29, 30].

Therefore in the present work, multiwall carbon nanotube 
(MWCNT) was used for construction of a simple and ultra-
sensitive electrochemical sensor for determination of Dac. 
There are only a few electrochemical studies on behavior of 
anticancer drug Dac. The electrochemistry of Dac has been 
studied by using dropping mercury electrode, hanging mer-
cury drop electrode and glassy carbon electrode [31]. In the 
other research, the electrochemical behavior of the antitumor 

Scheme 1  Chemical structure of Dac
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agent Dac and its major metabolite, 5-aminoimidazole-
4-carboxamide (AIC), at carbon paste electrodes has been 
studied [32]. The electrochemical properties and the DNA/
DNA base binding behavior of Dac drug at GCE [33, 34] 
and also the interaction of Dac with ss dsDNA at SPCE have 
been studied [35]. In the other works, electrochemical reduc-
tion of the dacarbazine–Cu2+ complex has been investigated 
using cyclic voltammetry and square wave voltammetry at 
a hanging mercury drop electrode [6]. Also, binding mode 
and thermodynamic studies on the interaction of dacarbazine 
and dacarbazine–Cu(II) complex with single- and double-
stranded DNA has been performed [2].

In the present work, a differential pulse voltammetric 
method for the determination of anticancer drug Dac by 
using a MWCNT-modified carbon paste electrode with 
desirable electrochemical characteristics has been described. 
The proposed sensor has the best detection limit and linear 
range in comparison with the former reports for electro-
chemical determination of Dac. This method is convenient 
and useful because of its simplicity, low cost and low detec-
tion limit. Finally, the analytical performance of this modi-
fied electrode in the quantification of Dac in pharmaceutical 
sample has been evaluated.

Experimental

Apparatus and chemicals

Cyclic voltammetric (CV) and differential pulse voltammet-
ric (DPV) measurements were performed using an Autolab 
PGSTAT302 N (Metrohm Autolab BV, Netherlands) with an 
FRA32 M impedance analysis module. The working elec-
trode was an unmodified or modified carbon paste electrode. 
The auxiliary and reference electrodes were a platinum 
wire and saturated calomel electrode (SCE), respectively. A 
Metrohm 710 pH meter was used for pH measurements. The 
surface morphology of modified electrodes was character-
ized with a scanning electron microscope (SEM) (Philips 
XL 30). All measurements were carried out at ambient tem-
perature (25 ± 1 °C). Dac and multiwall carbon nanotube 
(MWCNT) were of analytical grade from Sigma-Aldrich. 
The buffer solutions were prepared from orthophosphoric 
acid and its salts in the pH range of 2.0–12.0. All other rea-
gents were of analytical grade, and solutions were freshly 
prepared with double distilled water.

Preparation of modified electrode

The unmodified and modified carbon paste were prepared 
by thoroughly mixing analytical grade graphite and paraf-
fin oil in the absence and presence of modifier and then 
each paste was mixed in a mortar for at least 10 min to 

become homogeneous. Each paste was packed into one 
end of a metallic spacer which after inserting in a holder 
was used as a working electrode (see Fig. 1). The surface 
of each electrode was polished using a butter paper to pro-
duce reproducible working surface and then was used for 
determination of Dac by voltammetric techniques. The 
modified carbon paste was prepared by mixing different 
percentages of graphite powder, paraffin oil and modifier. 
The best results were obtained at 60:30:10% of graphite, 
paraffin oil and modifier.

Analytical procedure

The modified electrode was first activated in a 10 ml vol-
ume of 0.1 M phosphate buffer by potential scanning from 
− 0.25 to 1 V versus SCE at a scan rate of 100 mV s−1, 
until a low and steady background was obtained. DP vol-
tammetric experiments were conducted under the instru-
mental conditions of 50 mV pulse amplitude, 40 ms pulse 
width and 60 mVs−1 scan rate. For recording the cyclic 
voltammograms, the potential was scanned from the 0 to 
1.2 V using the scan rate of 100 mVs−1.

Fig. 1  A typical picture of the modified electrode
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Results and discussion

Characterization of the modified electrode

Electrochemical impedance spectroscopy (EIS) technique 
is an effective method for probing the features of surface 
modified electrodes. In the impedance spectrum, the semi-
circle diameter of impedance equals the electron transfer 
resistance (Ret). Figure 2 shows the typical Nyquist plots 
of bare CPE (curve a with Ret = 134.0 Ω) and MWCNT/
CPE (curve b with Ret = 24.4 Ω), in 0.1 M KCl solution 
containing 5 mM [Fe(CN)6]3−/4− as an electrochemical 
redox marker. MWCNT/CPE shows a small semicircle, 
at the high-frequency region, in the comparison with the 
bare CPE. These observations can be attributed to the pre-
sented MWCNT (with good conductivity and large surface 

area) in the modified electrode. MWCNT could effectively 
increase the rate electron transfer between electrode surface 
and [Fe(CN)6]3−/4− and decrease interface electron transfer 
resistance.

Figure 3 displays a typical morphology of CPE (A) and 
MWCNT/CPE (B). It can be seen that on the surface of CPE 
(Fig. 3a), the layer of irregular flakes of graphite powder 
was present and isolated from each other. After multiwall 
carbon nanotube added to the carbon paste matrix, it can be 
seen that multiwall carbon nanotubes were dispersed on the 
electrode with special three-dimensional structure (Fig. 3b). 
It is noticeable that scales in Fig. 3a and b are 30 and 1 µm, 
respectively.

Electrochemical behavior of Dac at MWCNT/CPE

The voltammograms of the phosphate buffer solution (pH 2) 
in the absence (curves a and b) and presence (curves c and d) 
of 2 μM Dac at the surface of the bare CPE and MWCNT/
CPE were recorded, and the results are shown in Fig. 4. The 
oxidation of Dac at the bare carbon paste electrode pro-
duced a weak anodic peak (curve c), while its peak current 
increased considerably when the bare electrode was modi-
fied with MWCNT. The presence of MWCNT facilitates 
the electron transfer at MWCNT/CPE, and so the sensitiv-
ity of oxidation of Dac increases at the surface of modified 
electrode. Also the peak potential of oxidation of Dac at the 
surface of modified electrode shifted toward less positive 
potentials compared with unmodified electrode. This obser-
vation is a result of simpler oxidation of Dac at the surface 
of modified electrode in the comparison of bare electrode.

Determination of electrochemical active surface 
area

In order to measure the electrochemically active surface area 
of the modified electrode, the chronoamperogram of 0.1 mM 
potassium ferrocyanide as a redox probe was recorded. In 

Fig. 2  EIS for a CPE and b MWCNT/CPE in 5 mM [Fe(CN)6]3−/4− 
with 0.1 M KCl

Fig. 3  SEM images of a bare CPE and b MWCNT/CPE
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chronoamperometric studies, the current, i, for the electro-
chemical reaction (at a mass-transfer-limited rate) of ferro-
cyanide which diffuses to an electrode surface is described 
by Cottrell equation [36]:

where A is the electrochemical active area, D is the diffu-
sion coefficient, C* is the bulk concentration of ferrocyanide 
and the other parameters have their typical meanings. Under 
diffusion control, a plot of i versus t−1/2 will be linear and 
from the slope, the value of A can be obtained, since the 
precise value of the diffusion coefficient of ferrocyanide is 
well known (6.20 × 10−6 cm2 s−1). The electrochemically 
active area of MWCNT/CPE was 0.09 cm2.

To understand the reaction mechanism, the effect of scan 
rate (ѵ) on the peak currents (Ip) of Dac at the modified elec-
trode was investigated. Therefore, the cyclic voltammograms 
of 2 μM Dac at different scan rates including 25, 50, 100, 
200, 250 and 500 mVs−1 were investigated at the MWCNT/
CPE (Fig. 5). As shown in inset 5A, a linear relationship (Ip
(µA) = 0.2536 ѵ (mVs−1) + 8.13) was obtained between the 
peak current and the scan rate in the range of 25–100 mVs−1, 
which revealed that the oxidation of Dac was an adsorption-
controlled process in the low scan rates. But in the high scan 
rates (200–500 mVs−1), a linear relationship (Ip(µA) = 7.8
079 ѵ1/2 (mVs−1) − 54.707) was obtained between the peak 
current and the scan rate, which revealed that the oxidation 
of Dac was a diffusion-controlled process in the high scan 

i =
nFAD
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rates (see inset 5B). Only an oxidation peak was observed 
even at low scan rates, suggesting that the electrode reaction 
of Dac under these conditions was totally irreversible.

As it is shown by increasing the scan rate, the peak 
potential is shifted to more positive potential. Because of 
the irreversible electrode process of the oxidation reaction 
of Dac, the following Laviron’s equation [37] was used to 
estimate αn and  ks values:

where α is the electron transfer coefficient, ks is the standard 
rate constant of the surface reaction, v is the scan rate, n is 
the electron transfer numbers and E° is the formal potential. 
ks and αn values can be concluded from the intercept and 
slope of the linear plot of Ep with respect to ln v, if the E° 
is known. The E° value at MWCNT/CPE can be deduced 
from the intercept of Ep versus v plot on the ordinate by 
extrapolating the line to v = 0 (E° = 0.95). By finding E°, 
and graphical representations of Ep versus ln v for Dac in the 
presence of MWCNT, the αn = 1 and ks = 2164 s−1 values 
were obtained from the slope and intercept, respectively.

On the other hand, for a totally irreversible electrode 
reaction process, α was assumed as 0.5. On the basis of 
the above discussion, the n was calculated to be 2 which 
indicated that two electrons were involved in the oxidation 
process of Dac at the surface of modified electrode.

On the other hand, the surface concentration of elec-
troactive species (Г) was estimated using the slope of the 
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Fig. 4  Cyclic voltammograms of MWCNT/CPE at 100  mVs−1 in 
0.1 M phosphate buffer (pH 2). b In the absence and d in the presence 
of 2 µM Dac; a as b and c as d for an unmodified CPE

Fig. 5  Cyclic voltammograms of 0.1 M phosphate buffer (pH 2) con-
taining 2 µM Dac at different scan rates. The letters of a–f correspond 
to 25, 50, 100, 200, 250 and 500 mVs−1, respectively. Inset a: varia-
tion of the Ip with ʋ (for low scan rates) and inset b: variation of the Ip 
with ʋ1/2 (for high scan rates)
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linear plot of current density versus ʋ according to the 
following Eq. [38] and found to be 6.56 × 10−5 mol/cm2 
(Fig. 9b). 

 
The electrochemical behavior of Dac is pH dependent. 

Therefore, the effect of pH on the electrochemical behavior 
of 2 μM Dac in the pH range of 2.0–12.0 was investigated 
and the results are shown in Fig. 6a. In addition, for a bet-
ter resolution, the cyclic voltammograms in the pH ranging 
from 2.0 to 9.0 are given in a distinct figure (Fig. 6b). As 
can be seen in these figures, the maximum current at the 
MWCNT-modified CPE was obtained in pH 2.0, and thus, 
this pH was chosen as the optimum pH for electrooxidation 
of Dac at the surface of MWCNT/CPE.

Also the shift in the anodic peak potential at various 
pHs revealed that the oxidation of Dac is pH depend-
ent. The oxidation of Dac occurs in one step for electro-
lytes with pH < 6, whereas two oxidation peaks can be 
observed in solutions with higher pH. The same behavior 
has been reported previously for dacarbazine’s analog com-
pound, temozolomide (TMZ) [39]. Both Dac and TMZ 
exert their antitumour activity through the linear triazene, 
5-(3-methyltriazen-1-yl)-imidazo-4-carboximide.

The mechanism of electrooxidation of Dac has been 
reported by other researchers previously (see scheme 2) [32].

Optimization of the amount of modifier 
in the electrode

Primarily, experiments show that the amount of MWCNT 
modifier in carbon paste electrode influences the anodic peak 

ip = n2F2υAΓ∕4RT

current of Dac. Therefore, five electrodes containing differ-
ent percents of MWCNT (0, 5, 10, 15 and 20%) were pre-
pared and examined for detection of 12 nM Dac under iden-
tical conditions. The maximum peak current was obtained 
when the amounts of the graphite powder, paraffin oil and 
MWCNT in the paste were 60:30:10% (w/w) (Fig. 7).

Analytical performance

Differential pulse voltammetry (DPV) (with pulse amplitude 
of 50 mV, pulse width of 40 ms and scan rate of 60 mVs−1) 
was used to measure Dac. The DPV signals obtained for 
tested different concentrations of Dac as well as the plot 
of peak current versus concentration of Dac is shown in 
Fig. 8. Two linear relationships are obtained over Dac con-
centrations ranging from 0.4 to 40 nM (Fig. 8, inset A) 
and 40–2500 nM, respectively (Fig. 8, inset B). The linear 
regression equations are:

where  IP is the peak current and CDac is the concentration 
of Dac.

The limits of detection (LOD) and quantitation (LOQ) 
were calculated using the relation ks/m [40], where k = 3 for 
LOD and 10 for LOQ, s representing the standard deviation 
of the peaks current of the blank (n = 10) and m representing 
the slope of the first plot of peak current versus concentra-
tion of Dac. Both LOD and LOQ values were found to be 
0.12 and 0.4 nM, respectively, which indicated the sensitiv-
ity of the proposed method.

I
P
(�A) = 0.234 + 0.6023CDac (nM)

(

r
2 = 0.9977

)

A

I
P
(�A) = 23.72 + 0.0059CDac (nM)

(

r
2 = 0.9973

)

B

Fig. 6  a: Effect of pH on cyclic voltammograms of 0.1 M phosphate 
buffer solution containing 2  µM Dac at 100  mVs−1 (at the higher 
range of PH: 2–12, a to g are pHs; 2, 4, 6, 7.4, 9, 11 and 12, respec-

tively). Inset: Variation of the peak potential with pH. b: Like a, 
but at the lower range of PH: 2–9, a to g are pHs; 2, 4, 6, 7.4 and 9, 
respectively
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This proposed electrode has the highest sensitivity for the 
direct electrochemical determination of Dac in comparison 
with the earlier studies. The results of this research show 
sharp and well-known peaks for anticancer drug Dac. In 
addition, in comparison with the electrochemical sensors 
which are based on the interaction of Dac with DNA, the 
proposed sensor has a simple strategy and fast response 
(there is no incubation of electrode in analyte solution as a 
time consuming process).

Reproducibility, repeatability and the long-term 
stability of the modified carbon paste electrode were 
investigated. Reproducibility of proposed electrode was 

investigated by using DPV. For this purpose, the voltam-
mograms of the phosphate buffer solution (pH 2) con-
taining 2 μM Dac at the surface of MWCNT/CPE were 
recorded. The obtained results of five replicate measure-
ments show a standard deviation less than ± 0.96 for DPV 
currents. In repeatability investigations, the recovery of 
analyzed target (phosphate buffer solution (pH 2) contain-
ing 2 μM Dac) in 10 replicate measurements was calcu-
lated to be above 96%, and the relative standard deviation 
(RSD) was lower than 3.6%. For the investigation of elec-
trode stability, the voltammograms of the phosphate buffer 
solution (pH 2) containing of 1.5 μM Dac at the surface of 
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Scheme 2  Mechanism of oxidation of Dac
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proposed electrode after 1 month were recorded and were 
compared with the primary data.

The obtained results showed that the proposed electrode 
retained 95% of its initial activity after 1 month, demon-
strating its stability. These results indicate the acceptable 
properties for the proposed electrode.

On the other hand, the oxidation of Dac at the surface of 
MWCNT including scan rate effect and differential pulse 
voltammetry (DPV) was performed in biological pH (pH 

7.4). As can be seen in Fig. 9, in this pH two oxidation peaks 
were observed for 2 μM Dac at the MWCNT/CPE at the 
scan rates of higher than 50 mV. A plot of peak height (Ip) 
against scan rate (v), in the range of 25–500 mVs−1, was con-
structed and it found to be linear with regression equation of 
Ip(µA) = 0.0963 v  (mVs−1) + 9.6124 (R = 0.9997) indicating 
that the process is adsorption controlled.

Also, differential pulse voltammetry (DPV) was used 
to measure Dac in pH 7.4. The DPV signals obtained for 

Fig. 7  DPVs of 12 nM Dac in 0.1 M phosphate buffer (pH 2) at the 
surface of the modified electrodes containing different MWCNT % 
(a: 0%, b: 5%, c: 10%, d: 15% and e: 20%). Inset shows the plot of the 
peak current as a function of amount of MWCNT (%)

Fig. 8  DPVs 0.1  M phosphate buffer (pH 2) containing different 
concentrations of Dac. Insets show the plots of the peak current as 
a function of Dac concentration in the range of a 0.4–40 nM and b 
40–2500 nM

Fig. 9  Cyclic voltammograms of 0.1  M phosphate buffer (pH 7.4) 
containing 2  µM Dac at different scan rates. The letters of a–f cor-
respond to 25, 50, 100, 200, 250 and 500 mVs−1, respectively. Inset: 
variation of the  Ip with ʋ

Fig. 10  DPVs 0.1  M phosphate buffer (pH 7.4) containing differ-
ent concentrations of Dac. Insets show the plots of the peak current 
as a function of Dac concentration in the range of a 5–30 nM and b 
30–1500 nM
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tested different concentrations of Dac as well as the plot 
of peak current versus concentration of Dac are shown in 
Fig. 10. Two linear relationships are obtained over Dac 
concentrations ranging from 5 to 30 nM (Fig. 10, inset A) 
and 30–1500 nM, respectively (Fig. 10, inset B). The linear 
regression equations are:

Both LOD and LOQ values were found to be 1.5 and 
5 nM, respectively.

Interference studies

For investigation of analytical application of the proposed 
method, the effects of some common interferences on the 
determination of 2 μM Dac were examined. The tolerance 
limit was defined as the maximum concentration of the sub-
stances that caused an error of less than 5% in Dac deter-
mination. The observations showed that when a 500-fold 
uric acid, dopamine and ascorbic acid were present in the 
synthetic mixture, the average recovery in the determination 
of Dac was 105%.

Analytical application

In order to demonstrate the application of the proposed 
method for determination of Dac in pharmaceutical prepa-
rations, it was used for voltammetric determination of Dac 
in the dacarbazine medac (200 mg vial). Each vial of dac-
arbazine medac 200 mg contains 200 mg dacarbazine (as 
dacarbazine citrate, manufactured by Medac GmbH). There 
was no need for any precipitation, evaporation or extraction 
steps prior to the DPV assay. The Dac content in Dac vial 
was determined by the standard addition method in order 
to prevent any matrix effects. The results for the analysis of 
Dac vial using the voltammetric method are summarized 
in Table 1. The results in Table 1 show that the recoveries 

I
P
(�A) = 0.3833 + 0.0914CDac (nM)

(

r
2 = 0.9967

)

A

I
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(�A) = 2.7656 + 0.013CDac (nM)

(

r
2 = 0.9986

)

B

of the spiked samples are acceptable. Thus, the modified 
electrode can be efficiently used for determination of Dac in 
pharmaceutical preparations. In addition, to evaluate preci-
sion and accuracy of DPV method, high-performance liq-
uid chromatography (HPLC) method was used. The results 
obtained by the proposed method and also HPLC are sum-
marized in Table 2. The consistency between the results was 
checked by the F-test method, and the calculated F-values 
for all samples are also included in Table 2. Considering 
the above-mentioned possible sources of error, all of the 
F-values given in Table 2 clearly indicate that there is no sta-
tistically significant difference between the values obtained 
by two methods. In all cases, the calculated F-values are 
lower than the F-value of 6.39 expected at a P = 0.05. Thus, 
the obtained results confirm the reliability of the proposed 
sensor.

Conclusions

This work reports the fabrication of an ultrasensitive elec-
trochemical sensor for determination of anticancer drug 
dacarbazine based on multiwall carbon nanotube-modified 
carbon paste electrode. The oxidation peak at the bare car-
bon paste electrode is weak while the response is consider-
ably improved at the multiwall carbon nanotube-modified 
carbon paste electrode. Also the peak potential shifts to less 
positive values. These observations indicate the easier elec-
tron transfer and simpler oxidation of Dac at the surface of 
modified electrode in the comparison of bare electrode. The 
proposed sensor has been shown to be promising for deter-
mination of Dac with many desirable properties including 
simple fabrication procedure, high stability, good reproduc-
ibility and repeatability, good sensitivity and fast response 
time. The most important advantages of the designed sensor 
in comparison with the other Dac electrochemical sensors 
by using the different electrodes (carbon pate electrode [32], 
hanging mercury drop electrode [6, 31] and screen-printed 
carbon electrode [35]) that have been reported previously, 
are low detection limit and wide linear range (see Table 3). 
Also, Dac was determined by the standard addition method 

Table 1  Voltammetric determination of Dac in Dac vial and recov-
ery data obtained for Dac added in specified concentrations of Dac in 
buffer solution (pH 2) using MWCNT-modified CPE (n = 5)

Original 
content 
(nM)

Added 
(nM)

Found 
(nM)

Recovery 
(%)

RSD (%) Bias (%)

20 0 21 – 2.5 –
20 20 42 105 3.4 5
20 40 58 96 2.9 − 4
20 60 78 97 3.8 − 3
20 80 103 103 3.1 3

Table 2  Comparison of the performance of the proposed method with 
high-performance liquid chromatography (HPLC) method

a Values in parentheses are SDs for five repetitive measurements
b F-value at P = 0.05 is 6.39

Original 
content 
(nM)

Added (nM) Found by DPV 
(nM)a

Found by 
HPLC 
(nM)a

F-valuesb

500 1000 1550 (3.1) 1480 (2.3) 1.81
500 1500 1940 (2.7) 2050 (4.1) 2.30
500 2000 2600 (3.4) 2580 (2.5) 1.84
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in dacarbazine medac and the obtained values were in good 
agreement with high-performance liquid chromatography 
method. These results confirm the reliability of the proposed 
sensor. We hope that the proposed method leads to improv-
ing the fabrication of some new electrochemical sensors for 
determination of different species.
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