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Abstract—Cabergoline (CAB) is an ergot alkaloid derivative with dopamine agonist activity. In this work for
the first time the electrocatalytic oxidation of CAB was carried out with nickel nanoparticles-modified car-
bon paste electrode using cyclic voltammetry, chronoamperometry, chronocoulometry and amperometry
methods. At first, nickel nanoparticles were synthesized by non-aqueous polyol method and these nanopar-
ticles were mixed with graphite powder to form modified carbon paste electrode. The resulting modified elec-
trode was characterized by scanning electron microscope images. In the presence of 0.1 M NaOH a good
redox behavior of the Ni(III)/Ni(II) couple at the surface of the electrode can be observed. CAB was success-
fully oxidized at the surface of the modified electrode. The electrocatalytic oxidation peak current of this drug
was linearly dependent on its concentration. The proposed sensor exhibited a high sensitivity and was success-
fully applied for the determination of CAB in real samples.
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Cabergoline 1-[(6-allyergoline-8β-yl)-carbonyl]-
1-[3-(dimethylamino)propyl]-3-ethyl urea (Scheme)
is a dopamine agonist licensed for the treatment of
Parkinson’s disease as adjunctive treatment with
levodopa plus a dopa-decarboxylase inhibitor in
patients effected by on-off mobility problems [1]. Till
now, the commonly employed techniques for the
determination of this drug in bulk form, pharmaceuti-
cal formulations and biological f luids are based on
HPLC [2], LC–MS [3], spectroscopy [4] and micro-
biological assays [5–9]. The problems encountered
using such methods are the need for time-consuming
extraction procedures and expensive instrumentation,
so the use of a simpler, faster, cheaper and also sensi-
tive electrochemical technique can be an interesting
alternative. Electrochemistry has many advantages,
making it an appealing choice for pharmaceutical
analysis [10, 11]. Electrochemistry has always pro-
vided analytical techniques characterized by instru-
mental simplicity, moderate cost, and portability.

Carbon paste electrode (CPE) has been widely
used in determination of drugs, biomolecules and
other organic species because of its easy preparation
and wide potential window of –1.4 to +1.3 V (versus
saturated calomel electrode) [12]. The usefulness of
modified carbon paste electrodes in the electroanalyt-
ical chemistry has been widely demonstrated, and

their development for analytical applications is still of
great interest [13]. Nowadays, it is important to
develop new materials such as graphene, nanoparti-
cles, and carbon nanotubes capable to improve the
analytical properties of the electrode surface [14, 15].
Among them, nanosized metal particle-modified
electrodes have emerged as a promising alternative for
the determination of organic and inorganic com-
pounds [16, 17].

Metal nanoparticles have some distinct advantages
such as high mass transport rate, low influence of the
solution resistance, low detection limits and better sig-
nal-to-noise ratio compared to the conventional mac-
roelectrodes [18–20]. They also have a wide range of
technological applications including catalysis, optics,1 The article is published in the original.
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microelectronics, and chemical/biological sensors.
Metals in the nanometer range provide three import-
ant functions for electroanalysis: roughening of the
conductive sensing interface, catalytic properties and
conductivity properties [21]. Electrochemical studies
have revealed that nickel nanoparticles enhance elec-
trode conductivity and surface area, facilitate the elec-
tron transfer, increase the effective electroactive sur-
face area and improve the detection limit of the ana-
lytes [22–24]. These properties make nickel
nanoparticles a candidate for sensor applications. Pre-
viously we reported eletrocatalytic oxidation and
determination of folic acid [25] and antibiotic drugs
[26–28] on nickel/polymeric modified carbon paste
electrodes.

In this work, we used the above-mentioned advan-
tageous properties of the nickel nanoparticles-modi-
fied carbon paste electrode (Ni-NP/MCPE) for the
electrocatalytic oxidation of cabergoline as a dopami-
nergic drug. A brief glance at the literature indicates
that electrocatalytic oxidation of cabergoline has not
been reported with nickel catalyst. In this context,
nickel nanoparticles were synthesized and mixed with
graphite powder to construct the Ni-NP/MCPE.
Efficiency of this electrode as a sensor for the electro-
catalytic oxidation and determination of cabergoline
in alkaline media was investigated.

EXPERIMENTAL

Reagents and materials. All chemicals used in this
experiment were of analytical grade and used as
received. The solvent used in this work was twice dis-
tilled water. Graphite powder (particle diameter:
0.10 mm) was used as the working electrode substrate
and also high purity paraffin (density 0.88 g/cm3) was
used as the pasting liquid for the carbon paste elec-
trode from Fluka. Nickel chloride hexahydrate,
80 wt % hydrazine hydrate (N2H4 · H2O), ethylene
glycol (EG) that was employed as a surfactant and
sodium hydroxide were obtained from Merck.

Synthesis of nickel nanoparticles. Nickel nanoparti-
cles were synthesized by a known procedure [29]. In
this so-called polyol process which has been exten-
sively exploited by many research groups to synthesize
metal particles, EG acts as solvent. In a typical exper-
iment, 60 mL of 15 mM NiCl2, 30 mL of 0.15 M N2H4
and an appropriate amount of 1 M NaOH were mixed
in a three-neck f lask equipped with a stirring bar, a
thermometer, a dropping funnel and a condenser. All
the reactants were diluted and dissolved in EG. At
first, hydrazine was heated to boiling point of the mix-
ture, which was about 184°C. A mixture of Ni2+ and
the appropriate amount of NaOH was added quickly
into the heated hydrazine as it reached the boiling
point. The temperature was maintained constant at
the boiling point of mixture using oil-bath. The tem-
perature was monitored using a thermometer. Initially

the green solution turned into black, indicating the
formation of nickel metal. The mixture was heated for
30 min under vigorous stirring. After the reaction was
completed, the colloid was cooled to room tempera-
ture and the particles were precipitated from the solu-
tion by adding ethanol.

Preparation of working electrode. A mixture of
graphite powder and paraffin was blended by hand
mixing with a mortar and pestle for preparation of car-
bon paste. The resulting paste was then inserted in the
bottom of a glass tube (internal radius 2 mm). The
electrical connection was implemented by a copper
wire lead fitted into the glass tube. A fresh electrode
surface was generated rapidly by extruding a small plug
of the paste with a stainless steel rod and smoothing
the resulting surface on white paper until a smooth
shiny surface was observed. A modified paste was pre-
pared in a similar fashion, except that the graphite
powder was mixed with 1% (w/w) of nickel nanoparti-
cles.

Instrumentation. The electrochemical experiments
were carried out using a potentiostat/galvanostat
(Sama 500-C Electrochemical Analysis System,
Sama, Iran). The three-electrode system consists of
the modified carbon paste electrode as working elec-
trode, Ag|AgCl|KCl (3 M) as a reference electrode and
a Pt wire as a counter electrode.

Preparation of a real sample. In order to analyze the
Caberlin® tablets, the average mass of three tablets
was calculated. The tablets were finely powdered and
homogenized in a mortar. An appropriate accurately
weighed amount of the homogenized powder was
transferred into a 100 mL calibrated f lask containing
50 mL of 0.1 M NaOH solution. The contents of f lask
were sonicated for 10 min; the undissolved excipients
were removed by filtering and the solution was diluted
to volume with the same supporting electrolyte.
Appropriate solutions were prepared by taking suitable
aliquots of the clear filtrate and diluting them with
0.1 M NaOH.

RESULTS AND DISCUSSION
Scanning electron microscopy (SEM). Figure 1a

shows the SEM image of nickel nanoparticles, indi-
cating that these particles were well formed with an
average size of 50 nm. Figures 1b, 1c show typical
SEM images of the unmodified and modified carbon
paste electrodes, respectively. It can be seen from the
micrograph that the nickel nanoparticles with an aver-
age diameter 50 nm were randomly distributed over
the surface of carbon paste electrode.

Electrochemical behavior of the Ni-NP/MCPE.
The polarization behavior of Ni-NP/MCPE was
examined in 0.1 M NaOH by using cyclic voltamme-
try. This technique allows the oxide film formation in
parallel to inspecting the electrochemical reactivity of
the surface [30]. Voltammograms were recorded by
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cycling the potential between 0.1 and 0.7 V at 100 mV/s
until a stable voltammogram was obtained. Figure 2
shows the electrochemical response of the CPE and
Ni-NP/MCPE after polarization in 0.1 M NaOH
solution. From Fig. 2 it can be seen that whereas nei-
ther oxidation nor reduction took place on the
CPE, a well developed redox wave was observed on
the Ni-NP/MCPE when the potential was swept and
cycled between 0.1 and 0.7 V, which was related to the
oxidation of Ni(OH)2 to NiOOH with a peak potential
of 0.46 V and reduction of NiOOH to Ni(OH)2 with a
peak potential of 0.33 V:

Ni(OH)2 + OH– ↔ NiOOH + H2O + e–. (1)

An approximate estimate of the amount of incor-
porated Ni(II) on Ni-NP/MCPE (surface coverage
of the electrode) can be evaluated using equation
Γ* = Q/nFA, where Q is the electric charge obtained
by integrating anodic peak obtained at 10 mV/s (Fig. 2,
curve 2), with the background correction; n, F and
A represent the number of electrons transferred in
redox reaction, Faraday constant and geometric elec-
trode area, respectively. The internal radius of glass

Fig. 1. SEM image of Ni nanoparticles (a), surface of bare CPE (b) and Ni-NP/MCPE (c). 
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Fig. 2. Electrochemical responses of CPE (1) and
Ni-N P/MCPE (2) in 0.1 M NaOH solution, scan
rate 10 mV/s.
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tube A = πr2 was equal to 0.126 cm2. The value of Γ*
for Ni-NP/MCPE was 3.8 × 10–6 mol/cm2.

Electrocatalytic oxidations of cabergoline on the
surface of Ni-NP/MCPE. Cyclic voltammetry studies.
The oxidation of cabergoline was first studied at a
CPE (without the integration of nickel nanoparticles)

by cyclic voltammetric experiments in 0.1 M NaOH
solution. Typical results obtained for a potential range
from 0.1 to 0.6 V vs. Ag|AgCl|KCl (3 M) at potential
scan rate of 10 mV/s is shown in Fig. 3. Response of
CPE in the absence of CAB is shown in Fig. 3, curve 1;
the addition of 0.4 mM CAB to the alkaline solution
causes no effect on the electrochemical response of
the CPE (Fig. 3, curve 2). The electrochemical
response of the Ni-NP/MCPE in 0.1 M NaOH solu-
tion exhibits well defined anodic and cathodic peaks
(Fig. 3, curve 3) related to the Ni(II)/Ni(III) redox
couple. As it is seen in Fig. 3, curve 4, after adding
0.4 mM CAB there is an increase in the anodic peak
current and a decrease in the cathodic peak current.
This behavior is typical of that expected for the medi-
ated oxidation (EC′ mechanism) as follows [31, 32]:

Thus modifier layer of Ni(OH)2 at the electrode
surface acts as a catalyst for the oxidation of CAB
in the NaOH solution. Cyclic voltammograms of the
Ni-NP/MCPE in the presence of 0.4 mM CAB at var-
ious scan rates are recorded in Fig. 4a. With increasing
scan rate, the peak potential for the catalytic oxidation
of CAB shift to increasingly positive potentials, sug-
gesting a kinetic limitation in the reaction between the
redox sites of the Ni-NP/MCPE and CAB. Also, as it
can be seen at higher potential scan rates, the cathodic
peak current relating to Ni(III) reduction to Ni(II)

Ni(OH)2 + OH− NiOOH + H2O + e− E,

NiOOH + CAB Ni(OH)2 + Product C'.

(2)

(3)
Fig. 3. Electrochemical responses of CPE to 0 (1),
0.4 (2) mM cabergoline and Ni-NP/MCPE to 0 (3) and
0.4 (4) mM cabergoline in 0.1 M NaOH solution, scan rate
10 mV/s.
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Fig. 4. (a)—Cyclic voltammograms of the Ni-NP/MCPE in 0.1 M NaOH solution containing 0.4 mM cabergoline at the scan

rates, from 1 to 5: 20, 40, 60, 80, and 100 mV/s. Inset: variation of Ipa vs.  (b)—Dependence of the peak potential, Ep, on
logv for the oxidation of cabergoline at Ni-NP/MCPE. 
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increases, which confirms EC′ mechanism. Inset of
Fig. 4a shows that the oxidation current for CAB
increased linearly with the square root of the scan rate,
suggesting that the reaction is mass-transfer con-
trolled. In order to obtain information on the rate-
determining step, the Tafel slope, b, was determined
using equation (4), valid for irreversible diffusion con-
trolled process [33]:

Ep = (b/2)log   + constant. (4)
On the basis of the above equation, the slope of Ep

vs. log  plot is b/2, where b indicates the Tafel slope
which was found to be 0.087 V for CAB in this work
(Fig. 4b), so, b is 0.174 V. This slope indicates that a
one-electron transfer process is the rate-limiting step,
assuming a transfer coefficient of α = 0.34 for CAB.

Chronoamperometric studies. Chronoamperometry,
as well as other electrochemical methods, was
employed for the investigation of electrode processes
at chemically modified electrode. Figure 5a shows
chronoamperometric measurements of CAB at the
Ni-NP/MCPE. These current–time profiles were
obtained by setting the working electrode at first
potential step of 650 mV and second potential step of
300 mV for various concentrations of CAB. These
potential steps were selected according to cyclic vol-
tammogram of the electrode (in choronoamperomet-
ric method anodic and cathodic potential steps usually
are slightly more positive and less positive than anodic
and cathodic peak potentials of cyclic voltammogram,
respectively). The forward and backward potential
step chronoamperometry of the modified electrode in

v

v

the blank solution showed an almost symmetrical
chronoamperogram with nearly equal charges con-
sumed for the oxidation and reduction of surface-con-
fined Ni(II)/Ni(III) sites. However, in the presence of
CAB, the charge value associated with the forward
chronoamperometry, Q, is greater than that observed
for the backward chronoamperometry (inset of Fig. 5).
The rate constant for the chemical reaction between
CAB and redox sites of Ni-NP/MCPE can be evalu-
ated by the chronoamperometry according to the
method described in the literature [34]:

IC/IL = γ1/2[π1/2erf(γ1/2) + exp(–γ)/γ1/2], (5)

where IC is the catalytic current of the Ni-NP/MCPE
in the presence of CAB, IL is the limiting current in the
absence of CAB and γ = kcot (co is the bulk concentra-
tion of CAB) is the argument of the error function.
This equation can be used to define the limiting
regions of behavior for all EC’ mechanism. For small
values of γ (e.g., γ < 0.05), erf(γ1/2) ≈ 2γ1/2/π1/2,
and IC/IL ≈ 1 (diffusion pure region); here the cata-
lytic reaction has no effect. For γ > 1.5, erf(γ1/2) → 1,
exp(–γ)/γ1/2 → 0, and the equation can be reduced to:

IC/IL = γ1/2π1/2 = π1/2(kcot)1/2. (6)

This defines the kinetic pure region (KP), where
IC/IL > 2.17. In this region the chronoamperometric
response can be employed to determine γ (or kcot).
Where k, co and t are the catalytic rate constant
(cm3/(mol s)), CAB concentration (mM) and time
elapsed (s), respectively. From the slope of the IC/IL

Fig. 5. (a)—Chronoamperograms obtained at the Ni-NP/MCPE in the absence (1) and presence of 0.2 (2), 0.8 (3), 1.4 (4) and
2.7 (5) mM of cabergoline in 0.1 M NaOH solution, first and second potential steps were 0.55 and 0.30 V (inset). Dependence of
Q (μC) vs. t, (1') and (5'), respectively, are derived from the data of chronoamperograms (1) and (5). (b)—Dependence of IC/IL
on t1/2 derived from the data of chronoamperograms of (1) and (5).
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vs. t1/2 plot we can simply calculate the value of k for a
given concentration of substrate. Figure 5b shows one
such plot, constructed from the chronoamperogram
of the Ni-NP/MCPE with and without 2.7 mM CAB.
The mean value for (k) is 5.78 × 106 cm3/(mol s).

Electrocatalytic determination of cabergoline. Figu-
re 6 shows the cyclic voltammograms of the Ni-NP/
MCPE in the presence of different concentration of
CAB. As can be seen, Ni-NP/MCPE exhibits a well-
defined catalytic oxidation current increasing linearly
with an increase in CAB concentration. Calibration
plots for the determination of CAB show linear depen-
dence of the anodic peak current on CAB concentra-
tion (inset of Fig. 6) in the range of 0.005 to 2.7 mM
and a correlation coefficient of 0.998. The detection
limit, taken as the concentration that gave a signal
equal to three times the standard deviation of the
blank, calculated from the calibration graph, was
0.002 mM.

Since the cyclic voltammetry is not sensitive for
low concentrations of CAB, constant potential amper-
ometry under hydrodynamic conditions was used to
detect lower concentrations of CAB. Figure 7 shows a
typical hydrodynamic amperometric response
obtained by adding CAB to a continuously stirred
0.1 M NaOH solution, which shows an increase in
current for successive increments of 5 μM CAB. The
inset of Fig. 7 illustrates the corresponding plot show-
ing a linear relationship between peak current
and CAB concentrations in the range of 5 × 10–7–8 ×
10–6 M. The detection limit is 1.5 × 10–7 M.

To illustrate the modified electrode application in
practical analysis, we used it to detect CAB in human
plasma and drug tablet samples. All samples were
diluted with 0.1 M NaOH solution and a known
amount of CAB was spiked to plasma solution. Stan-
dard addition method was used to analyze the pre-
pared samples. The quantity of experimentally deter-
mined CAB was compared to that of reported and
spiked values in tablet and plasma samples. The results
are summarized in table.

***

A carbon paste electrode modified with Ni
nanoparticles was examined for electrooxidation of
CAB in alkaline medium using cyclic voltammetry
and chronoamperometry techniques. The kinetic
parameters, such as charge-transfer coefficient and
catalytic reaction rate constant, were determined. The
value of the rate constant (k) obtained from the
chronoamperometric method indicated that the mod-
ified electrode can overcome the kinetic limitations
for CAB oxidation by a catalytic process and can
decrease the overpotential for the oxidation reaction.
According to the experimental results, the catalytic
oxidation current of CAB at this electrode can be used
to determine this drug in aqueous solution, so that an
acceptable linear dynamic range and detection limit
can be obtained. An amperometric method was pro-
posed for the determination of CAB with good sensi-
tivity and selectivity in biological media and pharma-
ceutical formulations.

Fig. 6. Current–potential curves for oxidation of cabergo-
line at the Ni-NP/MCPE in 0.1 M NaOH solution with
different concentrations of cabergoline: 0 (1), 0.005 (2),
0.05 (3), 0.5 (4), 0.8 (5), 0.1 (6), 1.5 (7), 2 (8) and
2.7 (9) mM. Inset: plot of Ip versus c.
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