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Abstract
A carbon paste electrode modiﬁed with 4-(((4-mercaptophenyl)imino)methyl)benzene-1,2-diol
(MIB) and multi-walled carbon nanotubes (MIB /CNT/CPE) was prepared for determination of epinephrine (EP) in the presence of acetaminophen (AC). Cyclic voltammetry, chronoamperometry, and differential pulse voltammetry (DPV) techniques were used to investigate the modiﬁed electrode for the electrocatalytic oxidation of EP and AC in aqueous solutions. The separation of the oxidation peak potential for
EP- AC was 200 mV. Under the optimum conditions, the calibration curve for EP was obtained in the range
of 1.0 to 25.0 µM and 25.0 to 500.0 µM. The diffusion coefﬁcient for the oxidation of EP at the surface of
the modiﬁed electrode was calculated as 5.76×10-5 cm2 s-1.
Keywords: Acetaminophen, Carbon nanotubes, Carbon paste electrode, Epinephrine.
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1. Introduction
Carbon paste electrode (CPE) is a specific
kind of heterogeneous carbon electrode. This electrode consists of a mixture prepared from carbon
powder (such as graphite, glassy carbon and others
carbonaceous materials) and a suitable water-immiscible or non-conducting binder (1-3). Carbon
paste as an electrode was initially reported in 1958
by Adams (4). Then, a wide variety of modifiers
including polymers, enzymes, and nanomaterials (5-8) were used with carbon paste as versatile
electrodes. CPEs are widely applicable in electrochemical and electro-analysis studies thanks
to their advantages such as very low background
current (compared to solid graphite or noble metal
electrodes), low cost, convenient preparation, simple surface renewal process, large potential window , easiness of miniaturization (9-11), and the
feasibility of incorporating different substances
during paste preparation   (12, 13). Since carbon
...........................................................................................................................
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nanotubes (CNTs) were discovered in 1991 (14),
numerous studies have been focused on investigating their applications (15-17). Because of the special structure of CNTs, they have several unique
properties such as good electrical conductivity,
high chemical stability, and extremely high mechanical strength (18, 19). In addition, CNTs electronic behavior reveals that they have the ability
to promote electron-transfer reaction and have a
high electrocatalytic effect when used as electrode
materials (20, 21). These unique properties make
CNTs suitable candidates for the modification of
electrodes (22-24).
Epinephrine (EP) (also known as
adrenaline, adrenalin, or 4,5-β-trihydroxy-Nmethylphenethylamine) is a hormone and a neurotransmitter. Epinephrine is one of the most
powerful known vasopressor (causing a rise in
blood pressure) drugs. It increases the strength
of heart muscle contractions as well as the heart
rate and constricts blood vessels and veins. Since
it is powerful heart stimulation activity, it is used
in emergency to restore heart rhythm in cases of
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shock and in certain cases of cardiac arrest (heart
attack), also for treating a number of conditions
isuch as anaphylaxis, and superficial bleeding
(25, 26).
There are some methods applied for the
determination of EP, such as capillary electrophoresis, high performance liquid chromatography (HPLC), chemiluminescence, ﬂow injection,
ﬂuorimetry, and spectrophotometry. EP as an electroactive compound, can also be studied via electrochemical techniques. Some papers showed the
electrochemical response of EP on different kinds
of electrodes (27-31).
Acetaminophen (AC) contains a phenolic
hydroxyl group, which is electrochemically active
and can be oxidized. Thus, various modified electrodes have been used to prepare electrochemical
sensors for the detection of AC (32-40).
The usefulness of this study lies in the
point that AC usage could have a negative impact
on heart disease. On the other hand, EP is a powerful heart stimulant. Therefore, the simultaneous
measurement of these two compounds is important. In this study, we describe the preparation of a
new electrode composed of carbon nanotube paste
electrode (CNTPE) modiﬁed with 4-(((4-mercaptophenyl)imino)methyl)benzene-1,2-diol (MIB)  
and investigate its performance for the electrocatalytic determination of EP in aqueous solutions. Moreover, the analytical performance of the
modiﬁed electrode for quantiﬁcation of EP in the
presence of AC is evaluated.
2. Materials and methods
2.1. Apparatus and reagents
Morphological characterization was carried out using a transmission electron microscope
(TEM, Philips EM 208S at operating voltage of
100 kV) and scanning electron microscope (SEM,
VEGA 3 SEM). Electrochemical measurements
were performed with a potentiostat/galvanostat
Eviumstat. A Metrohm 691 pH/Ion meter was
used to read the pH of the buffered solutions. A
three-electrode cell was used at 25±1 ºC. (CPE),
multi-walled carbon nanotube paste electrode
(MWCNTPE), and MIB/MWCNTPE were used
as working electrodes. An Ag/AgCl (KCl, sat.)
electrode and a platinum wire were used as the
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reference and auxiliary electrodes, respectively.
All solutions were freshly prepared with double distilled water. IP, PB obtained from Fluka.
Multi-walled carbon nanotubes (purity more
than 95 %) with o.d. between 5 and 20 nm, i.d.
between 2 and 6 nm, and tube length from 1
to 10 µm were prepared from Plasma Chem.
Other reagents were of all analytical grade (Merck). Phosphate buffered solutions (PBS), as a 0.1 M
solution in the pH range of 2.0-11.0, were prepared  
by mixing stock solutions of H3PO4-NaH2PO4 and
NaH2PO4-Na3PO4. Graphite powder (Merck) and
high viscosity paraffin oil (DC 350, Merck, density=0.88 g cm-3) were used as binding agents for
graphite pastes.
2.2. General procedure for the synthesis
of
4-(((4-mercaptophenyl)imino)methyl)
benzene-1,2-diol (MIB)
A mixture of 3,4-dihydroxybenzaldehyde
(1 mmol), 4-aminobenzenethiol (1 mmol) and acetonitrile (3 mL) was taken in a 5 mL round bottomed flask and heated at 70 ºC. After completion
of the reaction (observed on a thin-layer chromatography; n-hexane: ethyl acetate 7:3) the prepared
mixture was cooled to room temperature. Then, the
percipitated product was filtered from the mixture
by centrifugation and was purified using column
chromatography. The melting point of MIB was
obtained as 219-220 ºC (Scheme 1).
1H and 13C NMR were recorded in DMSO-d6 on a BRUKER DRX-400 AVANCE spectrometer. Fourier transform infrared (FT-IR) spectra were recorded on a BRUKER EQUINOX 55
single beam spectrometer at ambient conditions
using KBr disks, with a nominal resolution of 4
cm-1.
1H NMR (400 MHz, DMSO-d6): δ
(ppm)=3.4 (s, SH), 6.74-6.79 (t, 3 H), 7.08 (s, 3
H), 7.33 (s, 1 H). 13C NMR (100 MHz, DMSO-d6)
δ (ppm)=115.4, 117.0, 117.2, 123.6, 123.7, 130.0,
144.8, 147.2, 150.2, 157.2, 158.9.

Scheme1. Chemical structure 4-(((4-mercaptophenyl)
imino)methyl)benzene-1,2-diol.
Trends in Pharmaceutical Sciences 2018: 4(3): 139-148.
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3. Results and discussion
3.1. Electrochemical properties of modiﬁed MIB/
MWCNTPE
One of the advantages of MIB as an electrode modiﬁer is its insolubility in aqueous media.
Therefore, MIB/MWCNTPE was prepared and its
electrochemical properties in an aqueous solution
(pH 7.0) was investigated using cyclic voltammetry (CV). Figure 1 shows the CV of the modified electrode at scan rate of 30 mV s-1 in 0.1 M
phosphate buffer (pH 7.0). The experimental results showed reproducible, well-deﬁned, anodic
and cathodic peaks with Epa, Epc, and Eº’(=Epa-α
(Epa-Epc)) of 0.261, 0.160, and 0.219 V, νs Ag/
AgCl/KCl (3.0 M), respectively. The observed
peak separation potential, ΔEp=(Epa-Epc)=101
mV, was greater than the value expected for a reversible system, suggesting that the redox couple
Trends in Pharmaceutical Sciences 2018: 4(3): 139-148.
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2.3. Preparation of the electrode
To obtain the best conditions in the preparation of MIB/MWCNTPE, the ratio of MIB and
MWCNTs was optimized. Our results showed that
the maximum peak current intensity of isoprenaline and phenobarbital could be obtained. The
MIB/MWCNTPE were prepared by dissolving
0.02 g MIB in 1 mL chloromethane, then 0.900 g
graphite powder, 0.040 g multiwall carbon nanotubes, and 0.040 g Pt-nanoparticles with was added and mixed in a mortar and pestle. Then, 0.6 mL
of parafﬁn oil were 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. A copper wire was inserted
through the opposite end to establish an electrical
contact. Prior to the experiment, the surface of the
prepared electrode was polished with a ﬁne paper.
For comparison, other electrodes were prepared in
the same way, such as MIB modiﬁed CPE electrode (MIB-CPE) without MWCNT, MWCNT
paste electrode (MWCNTPE) without MIB, and
unmodiﬁed CPE in the absence of MIB and MWCNTPE.

in MIB/CNT/CPE shows quasi-reversible behavior in an aqueous medium. The electrochemistry
of MIB molecule is generally pH dependent. Thus,
the electrochemical behavior of MIB/CNT/CPE
was studied at different pH by CVs. As can be
seen in the inset of Figure 1, the formal potential
(Eº’) of MIB/CNT/CPE was pH dependent. Since
one straight line was obtained with a slope value
of -54.0 mV per pH in the pH ranges of 2.0-10.0,
there is a transfer of two electrons and two protons
in the redox reaction of MIB in the pH range of
2.0-10.0 (41).
In addition, the effect of the potential scan
rate on electrochemical behavior of the MIB/CNT/
CPE was studied in 0.1 M phosphate buffer solution. Plots of both anodic and cathodic peak currents (Ip) were linearly dependent on ν in the range
of 10 to 500 mVS-1 (Figure 2), indicating that the
redox process is not controlled by diffusion. The
apparent charge transfer rate constant, kS, and the
charge transfer coefficient, α, of a surface-confined
redox couple were evaluated through CV experiments and using the variation of anodic and cathodic peak potentials with the logarithm of the
scan rate, according to the procedure of Laviron
(42). We realized that the Ep values were proportional to the logarithm of the potential scan rate, for
scan rates higher than 80 mVs-1 (Figure 2C). The
slopes of the plots can be used to extract the kinetic parameter α (anodic transfer coefficient). The
slope of the linear segment was equal to 2.303RT/
(1-αa)nαF for the anodic peaks and 2.303RT/αc
naF for the cathodic peaks. The calculated value
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IR (KBr): ν=685, 755, 818, 877, 963, 974,
1010, 114, 1165, 1210, 1261, 1289, 1337, 1403,
1460, 1505, 1518, 1575, 1592, 1608, 2485, 2561,
2700, 2854, 2924, 2957, 3070, 3296 cm-1.
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Figure 1. Cyclic voltammogram obtained at MIB/CNT/CPE
in 0.1 M phosphate buffer solution (pH 7.0) at a scan rate
of 30 V s-1. The inset shows a plot of Eº' of MIB/CNT/CPE
versus pH.
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Figure 2.Cyclic voltammograms obtained at MIB/CNT/CPE
in 0.1 M phosphate buffer (pH 7.0) at various scan rates from
10 to 500 mVs-1, insets: (A) variations of Ip versus scan rate,
(B) variation of Epversus the logarithm of scan rate, and (C)
variation of Ep versus the logarithm of scan rate for scan rates
higher than 80 mVs-1.

for the average transfer coefficient (α) was 0.41.
The following equation can be used to determine
the electron transfer rate constant between the
modifier (MIB) and CPE:
logks=αlog(1-α)+(1-α)logα-log(RT/αFν)α(1-α) naFΔEp/2.3RT                                     (Eq. 1)
The value of ks=2.25s-1 was evaluated using (Eq. 1).
An approximate estimate of the surface
coverage of the electrode was made by adopting
the method used by Sharp (43). According to this
method, the peak current is related to the surface
concentration of the electroactive species, Γ, by the
following equation:
Ip=n2F2AΓν/4RT
  (Eq. 2)
where n represents the number of electrons involved in the reaction, A is the surface area (0.0962
cm2) of the electrode, Γ (mol cm-2) is the surface
coverage, and the other symbols have their usual
meanings. Based on the slope of the anodic peak
currents versus the scan rate (Figure 2A), the calculated surface concentration was =1.7×10-9 mol
cm-2 for n=2.

3.2. Electrocatalytic oxidation of EP at a MIB/
CNT/CPE
The utility of the modified electrode for
oxidation of EP was evaluated by cyclic voltammetry. Figure 3 depicts the CV responses of MIB/
CNT/CPE, MIB/CPE, CNT/CPE, and bare CPE in
0.1 M phosphate buffer (pH 7.0) in the absence
and presence of EP. As seen, while the anodic peak
142
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Figure 3. CVs of (a) unmodiﬁed CPE in 0.1 M PBS (pH 7.0),
(b) unmodiﬁed CPE in 0.20 mM EP, (c) MIB/CNT/CPE in 0.1
M PBS, (d) CNT/CPE in 0.20 mM EP, (e) MIB/CPE in 0.2
mM EP, and (f) MIB/CNT/CPE in 0.2 mM EP. In all cases,
the scan rate was 10 mVs-1.

potential for EP oxidation at the CNT/CPE (curve
d) and unmodiﬁed CPE (curve b) were 385 and
460 mV, respectively, the corresponding potential
at MIB/CNT/CPE (curve f) and MIB/CPE (curve
e) was 272 mV. These results indicated that the
peak potential for EP oxidation at the MIB/CNT/
CPE and MIB/CPE electrodes was shifted by ~188
mV toward negative values compared to CNT/
CPE and unmodiﬁed CPE, respectively. However,
MIB/CNT/CPE showed much higher anodic peak
current for the oxidation of EP compared to MIB/
CPE, indicating that the combination of CNTs and
the mediator (MIB) signiﬁcantly improved the
performance of the electrode toward EP oxidation.
In fact, MIB/CNT/CPE in the absence of EP exhibited a well-behaved redox reaction (Figure 3,
curve c) in 0.1 M PBS (pH 7.0). However, there
was a drastic increase in the anodic peak current in
the presence of 0.20 mM EP (curve f), which can
be related to the strong electrocatalytic effect of
the MIB/CNT/CPE towards this compound.
The effect of scan rate on the electrocatalytic oxidation of 200 µM EP at the MIB/CNT/
CPE was investigated by cyclic voltammetry. The
oxidation peak potential was shifted with increasing scan rates towards a more positive potential
(Figure 4), confirming the kinetic limitation of the
electrochemical reaction. Based on inset A of Figure 4, the anodic oxidation current of EP was proportional to the square root of the scan rate showing that the reaction was controlled by diffusion
(23). A plot of the sweep rate normalized current
(Ip/ν 1/2) versus sweep rate (inset B of Figure 4)
exhibited the characteristic shape typical of an EC’
Trends in Pharmaceutical Sciences 2018: 4(3): 139-148.
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3.3. Chronoamperometric measurements
Chronoamperometric measurements of EP
at MIB/CNT/CPE were carried out by setting the
working electrode potential at 0.35 V vs. Ag/AgCl/
KCl (3.0M) for the various concentrations of EP
in buffered aqueous solutions (pH 7.0) (Figure 6 ).
For an electroactive material (EP in this case) with
a diffusion coefﬁcient of D, the current observed
for the electrochemical reaction at the mass transport limited condition is described by the Cottrell
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reaction (20). Figure 5 showed the cyclic voltammogram, at 30 mVS-1, of MIB/CNT/CPE in 0.1 M
phosphate buffer solution (pH 7.0) containing 200
µM EP. The inset of Figure 5 showed a Tafel plot
that was drawn from points of the Tafel region of
the linear sweep voltammogram. The Tafel slope
of 120.0 mV decade-1 obtained in this case, calculates a charge transfer coefficient of α=0.37.
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Figure 4. Cyclic voltammograms obtained at MIB/CNT/CPE
in 0.1 M phosphate buffer (pH 7.0) containing 0.200 mM EP
at scan rates 5, 10, 15, 20, 30 and 35 mVs-1, (A) variation of
the electrocatalytic currents vs. the square root of the scan rate
(B) variation of the scan rate normalized current (Ip/ν) with
scan rate.
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Figure 5. Cyclic voltammogram obtained at MIB/CNT/CPE
in 0.1 M phosphate buffer (pH 7.0) containing 200 µM EP at
a scan rate of 30 mV s-1, the points are the data used in the
Tafel plot. The inset indicates the Tafel plot derived from the
cyclic voltammogram.
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Figure 6. Chronoamperograms obtained at MIB/CNT/CPE in
0.1M phosphate buffer solution (pH 7.0) for concentrations of
EP: 0.0, 0.05, 0.1, 0.2, 0.4, 0.6, and 0.8 mM. Insets: A) plots
of Ivs. t-1/2 obtained from chronoamperograms, B) plot of the
slope of the straight lines against the EP concentration with
the linear equation of slope (µA s-1/2)=79.54 C( mM)+29.51
and C) dependence of IC/IL on t1/2 derived from the data of
chronoamperograms.

equation (41).
I=nFAD1/2Cbπ-1/2t-1/2
    (Eq. 3)
Where D is the diffusion coefﬁcient (cm2S1) and C is the bulk concentration (mol cm-3) of
b
EP. The experimental plots of I versus t-1/2 for different concentrations of EP are depicted in Figure
6 A. The slopes of the resulting straight lines were
then plotted versus the EP concentration (inset B
of Figure 6). Based on the resulting slope of inset B of Figure 6 and Cottrell equation, the mean
value of the D was found to be (5.76×10-5cm2s-1).
Chronoamperometry can also be used to assess the
catalytic rate constant, k, for the reaction between
EP and the MIB/CNT/CPE, according to the method of Galus (44).
ICat/IL=γ1/2[π1/2erf (γ1/2)+exp(-γ)/γ1/2]      (Eq. 4)
Where IC is the catalytic current of EP at
the MIB/CNT/CPE, IL is the limited current in the
absence of EP and γ=kCbt (Cb is the bulk concentration of EP) is the argument of the error function.
In the cases where γ exceeds 2, the error function
is almost equal to 1 and the above equation can be
reduced to:
ICat/IL=π1/2γ1/2=π1/2(KCbt)1/2
   (Eq. 5)
Where t is the time elapsed. Based on the
slope of the IC/IL vs. t1/2 plot, k can be obtained
for a given EP concentration. Such plots obtained
from the chronoamperograms in Figure 6 are
shown in inset C of this ﬁgure. Based on the values
of the slopes, the average value of k was found to
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3.4. Calibration plot and detection limit
Differential pulse voltammetry (DPV)
method was used to determine the concentration
of EP because DPV is a powerful electrochemical
technique that can be applied in analytical measurements (Figure 7). The responses were linear with
EP concentrations in two linear segments (equations of I (μA)=0.267 CEP(μM)+6.230 for first
segment in the ranges of EP concentration from
1.0 to 25.0 μM and I (μA)=0.035 CEP(μM)+12.56
for second segment in the ranges of EP concentration from 25.0 to 500.0 µM). From the analysis of
data, we estimated that the lower limit of detection of EP is approximately 0.25 µM. This value is
comparable with values reported by other research
groups for electrocatalytic oxidation of EP at the
surface of chemically modiﬁed electrodes by other
mediators (Table 1).
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Figure 7. DPVs of DBC-IL/CNPE in 0.1 M phosphate buffer
solution (pH 7.0) containing different concentrations of EP.
The numbers of 1–14 correspond to: 1, 5, 10, 15, 20, 40, 70,
100, 150, 200, 300, 400, and 500 µM of EP. Insets show the
plot of the electrocatalytic peak current as a function of EP
concentration in the ranges of (A) 1.0 - 25.0 μM, (B) 25.0–
500.0 μM.
be k=5.973×104 M-1s-1. The value of k explains as

well as the sharp feature of the catalytic peak observed for catalytic oxidation of EP at the surface
of MIB/CNT/CPE.

3.5. Simultaneous determination of EP and AC

Table 1. Comparing various reports of some modiﬁed electrodes used in the electrocatalysis of EP with the present work.
Electrode

aModiﬁer

Method

pH

Peak potential
Shift (mV)

Limit of detection
(M)

Dynamic Range
(M)

Reference

CPE

EBNBH

Voltammetry

7.0

160

2.16×10-7

7.0×10-71.2×10-3

(27)

CPE

BBNBH

Voltammetry

8.0

270

2.0×10-7

1.0×10-66.0×10-4

(31)

CPE

Mo (VI)
complex

Voltammetry

7.0

125

4.9×10-8

9.0×10-87.5×10-4

(45)

CPE

5ADMB

Voltammetry

7.0

160

8.8×10-8

4.0×10-79.0×10-4

(46)

CPE

DOH

Voltammetry

7.0

280

8.0×10-7

1.0×10-56.0×10-3

(47)

CPE

Iron phthalocyanine

Voltammetry

4.0

100

5.5×10-7

1.0×10-613.0×10-4

(48)

GCE

OMC

Voltammetry

7.0

170

2.0×10-7

5×10-7–2×10-4

(49)

GCE

poly CM

Voltammetry

8.0

180

5.0×10-8

4.97×10-62.31×10-4

(50)

GCE

EPAP

Voltammetry

7.4

280

6.5 × 10−9

1.0×10-88.0×10-5

(51)

Gold Electrode

4-NBA

Voltammetry

5.5

270

37× 10−9

1.0×10-8–
2.0×10-6

(52)

CPE

MIB

Voltammetry

7.0

188

2.5×10-8

1.0×10-65.0×10-4

This Work

a Where   EBNBH:2,2´-[1,2-ethanediylbis- (nitriloethylidyne)]-bis-hydroquinone, BBNBH: 2,2´-[1,2 butanediylbis- (nitriloethylidyne)]-bis-hydroquinone.
Mo (VI) complex: Molybdenum (VI) complex, 5ADMB: 5-amino-3´,4´-dimethoxy-biphenyl-2-ol, DOH:2,2´-[3,6-dioxa-1,8-octanediylbis(nitrilo-ethylidyne)]bis-hydroquinone, OMC: Ordered mesoporous carbon, poly CM: poly curcumin (1,7 Bis ((4- hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5 dione), EPAP:
electropolymerization of p-aminophenol, 4-NBA: 4-nitrothiophenol/4-mercaptobenzoic acid, MIB: 4-(((4-mercaptophenyl)imino)methyl)benzene-1,2-dio.
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3.8. Repeatability, reproducibility, and stability of
MIB/CNT/CPE
DPV was employed for checking a repeatable response for ﬁve measurements with two concentrations of EP. The RSD was obtained as 1.3
and 1.9 % for 200 and 400 µM of EP, respectively.
DPV experiments of ﬁve separately prepared MIB/
CNT/CPE was examined for testing the reproducibility. The calculated RSD for DPV peak current
is about 2.1% for different concentrations of EP,
indicating that reproducibility of the preparation
is excellent. The long-term stability of the MIB/
CNT/CPE was tested over a three-week period. In
the DPVs measurements, the peak potential for EP
oxidation was unchanged and the current signals
showed less than 2.2% decrease relative to the initial response after three weeks.
4. Conclusion
The results obtained in this work demonstrated the potentiality of the MIB/CNT/CPE for
simultaneous determination of EP and AC. The
modified electrode exhibited highly electrocatalytic activity for the oxidation of EP at pH 7.0,
whereas the peak potential of EP was shifted by
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3.6. Determination of EP in the real sample
In order to assess the applicability of the
proposed electrode, the concentration of EP in an
injection sample with a speciﬁed content of 1.0 mg
mL-1 was determined using the calibration curve
for this compound. The EP injection solution was
diluted with water. Then different amounts of diluted solution were transferred in to a series of 10
mL volumetric ﬂasks and diluted to the mark with
PBS (pH=7.0). A 10 mL aliquot of this test solution was placed in the electrochemical cell. The
potential was controlled between 0.0 and 0.5 V and
Ipa was measured at the oxidation peak of EP. The
average concentration of EP in the injection was
found to be 0.99 mg mL-1, which is in good agreement with the speciﬁed value. Afterwards, different standard concentrations of EP were added to
the diluted EP injection solution and the measurements were done. The results are given in Table 2.

in the determination of EP.
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The main objective of this study was to
detect EP and AC simultaneously using MIB/
CNT/CPE. This was performed by simultaneously
changing the concentrations of EP and AC, and recording the SWVs. The DP voltammetric results
show two-well-defined anodic peaks at potentials
of 271 and 470 mV corresponding to the oxidation
of EP and AC, respectively, indicating that simultaneous determination of these compounds is feasible at the MIB/CNT/CPE, as shown in Figure 8.
The sensitivity of the modiﬁed electrode towards
the oxidation of EP was found to be 0.041 μA. This
is very close to the value obtained in the absence
of AC (0.035 µM-1, see Section 3.4), indicating
that the oxidation processes of these compounds at
the MIB/CNT/CPE were independent and therefore, simultaneous determination of their mixtures
was possible without signiﬁcant interferences.
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3.7. Interference studies
The inﬂuence of various species interfering with the determination of EP was studied under
optimum conditions. The tolerance limit was taken
as the maximum concentration of the interfering
that caused an error of less than ±5% in the determination of EP. According to the results, Na+, Cl-,
Mg2+ K+, l-lysine, glucose, tryptophan, N-acetyl
cysteine, and uric acid did not show interference
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Figure 8. Differential pulse voltammograms obtained MIB/
CNT/CPE in 0.1 M phosphate buffer solution (pH 7.0)
containing different concentrations of EP and AC (from inner to outer) mixed solutions of 50.0+200.0, 100.0+400.0,
150.0+600.0, 200.0+800.0, and 300.0+1200.0 µM respectively. Insets: A) plot of the peak currents as a function of
EP concentration with the regression equation of I (µA) =
0.041 CEP(µM) +19.25 and B) Plot of the peak currents as
a function of AC concentrations with the regression equation
of I (μA) = 0.015 CAC  (μM) + 15.85. Scan rate: 20 mV s-1,
modulation time: 0.05 s, pulse amplitude: 0.02 V.
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Table 2. Determination of EP in real sample (n=3).
No.

EP injection (µM)

Found (µM)

Recovery (%)

RSD (%)

1
2
3
4

5.0
10.0
15.0
20.0

4.9
10.2
14.8
20.1

98.0
102.0
98.9
100.5

2.5
1.9
1.4
2.7

188 mV to a less positive potential at the surface
of the MIB/CNT/CPE. The modiﬁed electrode
displayed higher selectivity in voltammetric measurements of EP and AC in their mixture solution.
The high sensitivity and selectivity, submicro-molar detection limit, high reproducibility,
and ease of preparation and regeneration of the
electrode surface by simple polishing make the
designed electrode very suitable for the determination of EP in pharmaceutical and clinical prepara-

tions.

5. References
1.
de Lima F, Gozzi F, Fiorucci AR, Cardoso CA, Arruda GJ, Ferreira VS. Determination of
linuron in water and vegetable samples using stripping voltammetry with a carbon paste electrode.
Talanta. 2011;83:1763-8.
2.
Mazloum-Ardakani M, Beitollahi H, Taleat Z, Naeimi H, Taghavinia N. Selective voltammetric determination of d-penicillamine in the
presence of tryptophan at a modified carbon paste
electrode incorporating TiO2 nanoparticles and
quinizarine. J Electroanal Chem. 2010;644:1-6
3.
Sopha H, Baldrianova L, Tesarova E, Hocevar SB, Svancara I, Ogorevc B, et al. Insights
into the simultaneous chronopotentiometric stripping measurement of indium(III), thallium(I) and
zinc(II) in acidic medium at the in situ prepared
antimony film carbon paste electrode. Electrochim
Acta. 2010;55:7929-33.
4.
Adams RN. Carbon Paste Electrodes.
Anal Chem. 1958;30:1576.
5.
Mazloum-Ardakani M, Beitollahi H, Amini MK, Mirkhalaf F, Abdollahi-Alibeik M. New
strategy for simultaneous and selective voltammetric determination of norepinephrine, acetaminophen and folic acid using ZrO2 nanoparticlesmodified carbon paste electrode. Sens Actuators,
B. 2010;151:243-9
6.
Ghoneim EM, El-Desoky HS. Electrochemical determination of methocarbamol on
a montmorillonite-Ca modified carbon paste
electrode in formulation and human blood.

Bioelectrochemistry. 2010;79:241-7.
7.
Mazloum Ardakani M, Taleat Z, Beitollahi H, Salavati-Niasari M, Mirjalili BBF, Taghavinia N. Electrocatalytic oxidation and nanomolar
determination of guanine at the surface of a molybdenum (VI) complex–TiO2 nanoparticle modified carbon paste electrode. J Electroanal Chem.
2008;624:73-8.
8.
Yaghoubian H, Karimi-Maleh H, Khalilzadeh MA, Karimi F. Electrochemical Detection of Carbidopa Using Ferrocene-Modified
Carbon Nanotube Paste Electrode. J Serb Chem
Soc.2009;74:1443-53.
9.
Raoof BJ, Ojani R, Beitollahi H, Hossienzadeh R. Electrocatalytic Determination of Ascorbic Acid at the Surface of 2,7-Bis(ferrocenyl ethyl)
fluoren-9-one Modified Carbon Paste Electrode.
Electroanalysis. 2006;18:1193-201.
10.
Fotouhi L, Raei F, Heravi MM, Nematollahi D. Electrocatalytic activity of 6,7-dihydroxy3-methyl-9-thia-4,4a-diazafluoren-2-one/multiwall carbon nanotubes immobilized on carbon
paste electrode for NADH oxidation: Application
to the trace determination of NADH. J Electroanal
Chem. 2010;639:15-20.
11.
Mazloum-Ardakani M, Rajabi H, Mirjalili
B, Beitollahi H, Akbari A. Nanomolar determination of hydrazine by TiO 2 nanoparticles modified
carbon paste electrode. J Solid State Electrochem.
2010;14:2285-92.
12.
Suresh S, Gupta AK, Rao VK, Kumar O,
Vijayaraghavan R. Amperometric immunosensor

Acknowledgments
The authors wish to thank Yazd University Research Council, IUT Research Council and
Excellence in Sensors for financial support of this
research.
Conflict of Interest
None declared.

.................................................................................................................................

146

Trends in Pharmaceutical Sciences 2018: 4(3): 139-148.

Epinephrine detection sensor based on carbon nanotubes

for ricin by using on graphite and carbon nanotube
paste electrodes. Talanta. 2010;81:703-8.
13.
Raoof JB, Ojani R, Beitollahi H. L-Cysteine Voltammetry at a Carbon Paste Electrode
Bulk-Modified with Ferrocenedicarboxylic Acid.  
Electroanalysis.2007;19:1822-30.
14.
Iijima S. Helical microtubules of graphitic
carbon. Nature. 1991;354:56-8.
15.
Akhgar MR, Salari M, Zamani H, Changizi A, Hosseini-Mahdiabad H. Electrocatalytic
and Simultaneous Determination of Phenylhydrazine and Hydrazine Using Carbon Paste Electrode Modified With Carbon Nanotubes and Ferrocenedicarboxylic Acid. Int J Electrochem Sci.
2010;5:782-96.
16.
Mazloum-Ardakani M, Beitollahi H, Ganjipour B, Naeimi H, Nejati M. Electrochemical
and catalytic investigations of dopamine and uric
acid by modified carbon nanotube paste electrode.  
Bioelectrochemistry. 2009;75:1-8.
17.
Yaghoubian H, Karimi-Maleh H, Khalilzadeh MA, Karimi F. Electrocatalytic Oxidation
of Levodopa at a Ferrocene Modified Carbon
Nanotube Paste Electrode. Int J Electrochem Sci.
2010;4:993-1003.
18.
Jacobs CB, Peairs MJ, Venton BJ. Review: Carbon nanotube based electrochemical sensors for biomolecules. Anal Chim Acta.
2010;662:105-27.
19.
Yaghoubian H, Soltani-Nejad V, Roodsaz S. Simultaneous Voltammetric Determination
of Norepinephrine, Uric Acid and Folic Acid at
the Surface of Modified Chloranil Carbon Nanotube Paste Electrode. Int J Electrochem Sci.
2010;5:1411-21.
20.
Merisalu M, Kruusma J, Banks CE. Metallic impurity free carbon nanotube paste electrodes. Electrochem Commun. 2010;12:144-7.
21.
Taheri AR, Mohadesi A, Afzali D, KarimiMaleh H, Mahmoudi Moghaddam H, Zamani H,
et al. Simultaneous Voltammetric Determination
of Norepinephrine and Folic Acid at the Surface of
Modified Carbon Nanotube Paste Electrode. Int J
Electrochem Sci. 2011;6:171-80.
22.
Mazloum-Ardakani M, Yavari M, SheikhMohseni MA, Mirjalili BF. Carbon nanotubes and
(4-((E)-(2-methyl-4-nitrophenylimino) methyl)
benzene-1,2-diol) modified glassy carbon electrode as a new electrocatalyst for oxidation of levodopa. Catal Sci Technol. 2013;3:2634-8.
Trends in Pharmaceutical Sciences 2018: 4(3): 139-148.

23.
Rastakhiz N, Kariminik A, Soltani-Nejad
V, Roodsaz S. Simultaneous Determination of
Phenylhydrazine, Hydrazine and Sulfite Using a
Modified Carbon Nanotube Paste Electrode. Int J
Electrochem Sci. 2010;5:1203-12.
24.
Mazloum-Ardakani M, Beitollahi H, Ganjipour B, Naeimi H. Novel Carbon Nanotube Paste
Electrode for Simultaneous Determination of Norepinephrine, Uric Acid and D-Penicillamine. Int J
Electrochem Sci. 2010;5:531-46.
25.
C. Ashley, A. Currie, The Renal Drug
Handbook,third ed, Radcliffe Publishing Ltd, New
York, 2009.
26.
Schenk JO, Milker E, Adams RN. Electrochemical techniques for the study of brain chemistry. J Chem Educ.1983;60:311.
27.
Beitollahi H, Mazloum Ardakani M, Ganjipour B, Naeimi H. Novel 2,2′-[1,2-ethanediylbis
(nitriloethylidyne)]-bis-hydroquinone double-wall
carbon nanotube paste electrode for simultaneous
determination of epinephrine, uric acid and folic
acid. Biosens Bioelectron. 2008;24:362-8.
28.
Beitollahi H, Karimi-Maleh H, Khabazzadeh H. Nanomolar and selective determination
of epinephrine in the presence of norepinephrine
using carbon paste electrode modified with carbon nanotubes and novel 2-(4-oxo-3-phenyl-3,4dihydro-quinazolinyl)-N’-phenyl-hydrazinecarbothioamide. Anal Chem. 2008;80:9848-51.
29.
Mazloum-Ardakani M, Beitollahi H,
Amini MK, Mirjalili BBF, Mirkhalaf F. Simultaneous determination of epinephrine and uric acid
at a gold electrode modified by a 2-(2,3-dihydroxy
phenyl)-1, 3-dithiane self-assembled monolayer. J
Electroanal Chem. 2011;651:243-51.
30.
Kalimuthu P, Abraham John S. Selective
electrochemical sensor for folic acid at physiological pH using ultrathin electropolymerized film of
functionalized thiadiazole modified glassy carbon
electrode. Biosens Bioelectron. 2009;24:3575-80.
31.
Toklu HZ, Özer Şehirli A, Velioğlu-Öğünç
A, Çetinel Ş, Şener G. Acetaminophen-induced
toxicity is prevented by β-d-glucan treatment in
mice. Eur J Pharmacol. 2006;543:133-40.
32.
Behpour M, Ghoreishi SM, Honarmand E.
A Gold Nanoparticle-Modified Carbon Paste Electrode as a Sensor for Simultaneous Determination
of Acetaminophen and Atenolol. Int J Electrochem
Sci. 2010;5:1922-33.
33.
Alothman ZA, Bukhari N, Wabaidur SM,
147

Roghayyeh Aghaei et al.

Haider S. Simultaneous electrochemical determination of dopamine and acetaminophen using multiwall carbon nanotubes modified glassy carbon
electrode. Sens Actuators B. 2010;146:314-20.
34.
Zidan M, Tee TW, Abdullah AH, Zainal Z, Kheng GJ. Electrochemical Oxidation of
Paracetamol Mediated by Nanoparticles Bismuth
Oxide Modified Glassy Carbon Electrode. Int J.
Electrochem Sci., 2011;6:279-88.
35.
Wan Q, Wang X, Yu F, Wang X,
Yang N. Effects of capacitance and resistance of MWNT-film coated electrodes on
voltammetric detection of acetaminophen.
J Appl Electrochem. 2009;39:1145-51.
36.
Ghorbani-Bidkorbeh F, Shahrokhian
S, Mohammadi A, Dinarvand R. Simultaneous
voltammetric determination of tramadol and acetaminophen using carbon nanoparticles modified glassy carbon electrode. Electrochim Acta.
2010;55 2752-59.
37.
Su, W, Cheng, S. Electrochemical Oxidation and Sensitive Determination of Acetaminophen in Pharmaceuticals at Poly(3,4ethylenedioxythiophene)-Modified Screen-Printed
Electrodes. Electroanalysis. 2010;22:707-14.
38.
Xu Z, Yue Q, Zhuang Z, Xiao D. Flow injection amperometric determination of acetaminophen at a gold nanoparticle modified carbon paste
electrode. Microchim Acta. 2009;164:387-93.
39.
Wang SF, Xie F, Hu RF. Carbon-coated
nickel magnetic nanoparticles modified electrodes
as a sensor for determination of acetaminophen.
Sens Actuators B. 2007;123:495-500.
40.
Wan Q, Wang X, Yu F, Wang, X Yang
N. Poly(taurine)/MWNT-modified glassy carbon
electrodes for the detection of acetaminophen. J
Appl Electrochem. 2009;39:785-90.
41.
A. J. Bard, L. R. Faulkner, Electrochemical Methods: Fundamentals and Applications, Second ed., Wiley, New York, 2001.
42.
Laviron E. General expression of the
linear potential sweep voltammogram in the
case of diffusionless electrochemical systems.
J Electroanal Chem Interfacial Electrochem.
1979;101:19-28.
43.
Sharp M, Petersson M, Edström K. Preliminary determinations of electron transfer kinetics involving ferrocene covalently attached to a
platinum surface. J electroanal chem interfacial
electrochem. 1979;95:123-30.
148

44.
Z. Galus, Fundamentals of Electrochemical Analysis, Second ed., Ellis Horwood, New
York, 1976
45.
Beitollahi H,Sheikhshoaie I. Electrocatalytic oxidation and determination of epinephrine
in the presence of uric acid and folic acid at multiwalled carbon nanotubes/molybdenum(VI) complex modified carbon paste electrode. Anal Methods. 2011;3:1810-14.
46.
Beitollahi H, Mohadesi A, KhalilizadehMahani S, Akbari A. Application of a modified
carbon nanotube paste electrode for simultaneous
determination of epinephrine, uric acid and folic
acid. Anal Methods. 2012;4 :1029-35.
47.
Mazloum-Ardakani M, Taleat Z, Beitollahi H, Naeimi H. Electrocatalytic determination of
epinephrine and uric acid using a novel hydroquinone modified carbon paste electrode. Chin Chem
Lett. 2011;22:705-8.
48.
Shahrokhian S, Ghalkhani M, Amini
MK.  Application of carbon-paste electrode modified with iron phthalocyanine for voltammetric
determination of epinephrine in the presence of
ascorbic acid and uric acid. Sens Actuators B.
2009;137:669-75.
49.
Luo L, Li F, Zhu L, Ding Y, Zhang Z, Deng
D, et al. Simultaneous determination of epinephrine and uric acid at ordered mesoporous carbon
modified glassy carbon electrode. Anal Methods.
2012;4:2417-22.
50.
Devadas B, Rajkumar M, Chen SM. Electropolymerization of curcumin on glassy carbon
electrode and its electrocatalytic application for
the voltammetric determination of epinephrine
and p-acetoaminophenol. Colloids Surf B Biointerfaces. 2014;116:674-80.
51.
Koçak CC, Dursun Z. Simultaneous determination of ascorbic acid, epinephrine and
uric acid at over-oxidized poly(p-aminophenol)
film modified electrode. J Electroanal Chem.
2013;694:94-103
52.
JustinoDD, Almeida Lage AL, Pires
Souto DE, da Silva JV, Pio dos Santos WT, Silva Luz RC, et al. Study of the effects of surface
pKa and electron transfer kinetics of electroactive 4-nitrothiophenol/4-mercaptobenzoic acid
binary SAM on the simultaneous determination
of epinephrine and uric acid. J Electroanal Chem.
2013;703:158-65.

Trends in Pharmaceutical Sciences 2018: 4(3): 139-148.

