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Abstract: By means of cyclic voltammetry as a diagnostic technique, the pre-
sent study tried to describe the behaviour of dopamine (DP) at the bare and
catechol electrografted glassy carbon electrode (CA/GCE). The results indi-
cated that the CA/GCE exhibits high electrocatalytic activity toward DP. The
DP cycling of the CA/GCE in DP showed two linear calibration ranges
between 5.0-100 and 100-750 pM with a detection limit of 0.86 uM. For 6 DP
replicate measurements (50 pM); the relative standard deviation (RSD) was
2.7 %. This method was successfully used for the determination of DP in serum
samples.

Keywords: electrografted glassy carbon electrode; dopamine; catechol; cyclic
voltammetry; electrochemical sensor.

INTRODUCTION

A type of catecholamine, dopamine (DP), acts as a significant neurotrans-
mitter in mammalian brain fluids and tissues. It is responsible for the functions of
the central nervous, hormonal, renal, and cardiovascular systems.l’2 Thus, true
and accurate measurement of DP for detection, monitoring, prevention and treat-
ments of neurological disorders such as schizophrenia, Alzheimer’s disease, Par-
kinson’s disease and HIV infection is important.” Different methods are used for
measuring DP concentration in biological samples such as capillary electropho-
resis,” mass spectrometry,” high-performance liquid chromatography® and elec-
trochemical sensors.”

Chemically modified electrodes are attractive tools for the detection of phar-
maceutical compounds due to the high sensitivity, fast response, and low cost.
Some of the used electrochemical techniques for measuring of DP concentration
include the conducting polymer matrix/gold nanoparticles,” gold electrodes/N-
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acetylcysteine,'’ zinc oxide composite/glassy carbon electrode,'’ nanoparticles,'”
carbon nanotubes,”” homogeneous mediators'* and heterogeneous mediators."
Heterogeneous mediator is of particular interest in comparison with homogenous
mediator because of high selectivity, environmental advantages, green chemistry
and the reusability of these mediators.'®

In this work, a heterogeneous catalyst based on catechol grafted glassy
carbon electrode (CA/GCE) was used as a modified electrode for determination
of DP. By means of catechol nitration by the nitrous acid and electroreduction of
generating nitrocatechol, one can modify the electrode, which leads to catechol
grafting.!” We also showed the glassy carbon electrode (GCE) modified with
electroactive catechol groups has the ability of dopamine determination in human
blood.

EXPERIMENTAL
Apparatus

For electrochemical experiments, a potentiostat /galvanostat pAutolab model PGSTAT
204 (Eco Chemie, Utrecht, Netherlands) with NOVA 1.9 software NOVA was used. A
3-electrode cell was used with an Ag/AgCl electrode (KCl, 3 M) as the reference electrode.
All potentials in the paper are expressed versus this reference electrode. For the working elec-
trode, a modified GCE was used, and for the counter electrode, a Pt wire was used. The
Ag/AgCl electrode and Pt wire were obtained from Metrohm, and the glassy carbon electrode
was obtained from the AZAR Electrode. Moreover, the Metrohm model 827 pH/mV meter
was used, for pH measurements. SEM (the scanning electron microscopy) was used for
morphological specify the modified electrode with the electrografting.

Chemicals

Catechol (ReagentPlus®, >99%), sodium nitrite (ACS reagent, >97.0%) was obtained
from Sigma-Aldrich. Other chemicals, however, were of analytical reagent grade. The DP was
of analytical grade (Merck). Through the dissolving of an optimally precise amount of DP, a
1.0x107> mol L™ stock solution was freshly prepared.

The optimal stock solution was sequentially diluted with distilled water for the prepar-
ation of other fresh solutions. For all the experiments, 0.1 M phosphate buffer solution was
used with different pH values. All the electrochemical studies were conducted at 25+1 °C.

Electrografting of electrode surface

The published paper'” was used as a guiding model for electrografting of the glassy
carbon electrode. By means of a piece of cloth, the glassy carbon electrode was polished with
an alumina fine powder (0.05 um) in water slurry. Then, it was ultrasonically washed in etha-
nol and water. Then, the GCE was modified by the potential cycling ranging from 0.0 to —0.9
V in an aqueous solution which had HCI (pH 1.0), catechol and NaNO,.

In all cases, the room temperature was used for the modification of GCE electrode with
catechol (CA/GCE) in an electrolytic solution. The cyclic voltammetry in aqueous buffered
solutions was used for the quantification of the catechol modified GCE redox activity.

Analytical procedure

In order to obtain a steady cyclic voltammogram in phosphate buffer (pH 8.0), the
activation of CA/GCE by cycling between —0.3 and 0.4 V was used. Then, the electrodes were
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dipped into a DP and buffer (pH 8.0) solution in a usual experiment. At a scanning rate of 20
mV s”, the potential was swept from —0.3 to 0.4 V. This was repeated while DP was presented
as the sample solution.
Preparation of real samples

DP (2 ml, 0.01 mol L") spiked in the blood serum sample was centrifuged, and the
supernatant was diluted 50 times with water. Using the standard addition method, finally, 3.0
ml of the solution plus 7.0 ml of the phosphate buffer (pH 8.0) were used for the analysis. By
means of the calibration curve method obtained from relevant calibration equations, quantitat-
ions were performed.

RESULTS AND DISCUSSION
Characterization and electrochemical behavior of the CA/GCE

Electrografting of glassy carbon electrode with catechol was performed as
described in the experimental section. The cyclic voltammograms of CA/GCE in
aqueous phosphate buffer (pH 8.0) at different scan rates are shown in Fig. 1.
They show an anodic peak (A;) in the positive-going scan and its corresponding
cathodic peak (C,) in the negative-going scan. These peaks belong to the oxid-
ation/reduction of grafted catechol/ortho-benzoquinone redox couple'’ (Scheme
1). The plot of log I, versus log v in the range of 25 to 1000 mV s ' is found to
be linear with a slope of about one (Fig. 1, inset), which is a characteristic for the
adsorption-controlled electrode process.'®

25 4
10 4
g
y=1.006x+1.227
R*=0.998

-5 +
Fig. 1. Cyclic voltammograms of CA/GCE in
log v a phosphate buffer solution (¢ = 0.2 M, pH
1 o $8.0) at different potential scan rates: a) 20, b)
-20 1 1 ; . 50, ¢) 100, d) 200, e) 250, f) 400, g) 500, h)
03 0 0.3 0.6 00 750 and i) 1000 mV s’ Inset: corresponding

E/Vvs. Ag/AgCl plot of log /,a; vs. log v. t = 25+1 °C.

The effect of the solution pH on the CA/GCE was studied in the next step
(Fig. 2). The oxidation as well as the reduction peak potentials were found to
shift to the negative potentials in the pH range 3—9 under study, with the depend-
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ence being at —58 mV/pH unit. This is expected because of the participation of

two electrons and two protons in the oxidation of catechol to ortho-benzoqui-
17
none.

0.3 4

I/pA

HzN\/\@OH HzN \/\@O
OH )
E,; = -0.058pH +0.55
R?=0.995
0.2
OH o 0
OH o 3 5 7 pH 9
0.3 . : .
-2H* -0.1 0.2 05 08
\étz/( E/V vs. Ag/AgCl
20

Glassy Carbon Electrode Fig. 2. Cyclic voltammograms of CA/GCE immersed
Scheme 1. The mechanism of elec-  in phosphate buffer solution at different pH values in
trocatalytic oxidation of Dp on the range of 3-9. Scan rate 20 mV/s. Inset: variation of
CA/GCE. anodic peak potential vs. pH; ¢ =25+1 °C.

Cyclic voltammograms of the bare GCE and CA/GCE in presence of DP at
pH 8.0 and at a scan rate of 20 mV s ' are shown in Fig. 3, curves b and c, res-
pectively. Comparison of the behaviour of bare GCE and of the electrografted
glassy carbon electrode (CA/GCE) shows that the anodic peak current (Ipa1) is
significantly greater at the latter. On the other hand, with increasing the potential
scan rate, the peak current ratio (/,ci/[pa1) increases because the time required for
the reaction of DP with grafted ortho-benzoquinone is not enough (Fig. 4)."
Scheme 1 shows how a catalytic reaction occurs after the process of the electron-
-transfer.

The influence of pH on the current response of a DP (0.1 mM) at CA/GCE
in a phosphate buffered solution of was investigated in the pH range from 3.0 to
9.0 by the linear sweep voltammetry (Fig. 5). As can be seen, the oxidation peak
current (/pa1) increases gradually with the increasing pH up to pH 8.0 and then
decreases. By increasing pH of the solution the anodic peak potential (E,a;) also
shifted to the negative potentials. This is expected as discussed earlier."”

Analytical measurements

Fig. 6 shows the cyclic voltammograms of CA/GCE in the presence of dif-
ferent concentrations of DP. The results showed that, by increasing the concen-
tration of DP, the anodic peak current (/,5;) increases. Under these circum-
stances, this dependence is linear, but in two segments: one in concentration range
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[V vs. Ag/hg Fig. 4. Typical cyclic voltammograms of

Fig. 3. Cyclic voltammograms of: CA/GCE in CA/GCE in the presence of DP (0.1 mM), in
the absence (a) and presence of 0.1 mM DP (b)  phosphate buffer solution (pH 8.0). Scan
GCE; c) as b), but in phosphate buffer solution, rates are: 25 (a), 200, 400, 750 and

pH 8; scan rate 20 mV/s. t = 25+1 °C. 1000 (e) mV/s.

1.5 4

Hpa

0.5 1

0.1 0.1 0.3 0.5
E/V vs. Ag/AgCl

Fig. 5. Linear sweep voltammograms of CA/GCE in the presence of DP (0.1 mM) in
phosphate buffer solutions with different pH values. Scan rate 20 mV/s. t = 25+1 °C.

5-100 pM (Zoa1/pA = 0.008[DP]/uM + 0.703) and second in the range 100-750
UM (Zpai/pHA = 0.003[DP])/uM + 1.248) with R* of 0.992 and 0.997, respectively.
(Fig. 6B). The detection limit (LOD) for determination of DP was calculated
according to the definition of LOD = 3S,/m (where, m and S are standard
deviation of the blank (n = 6) and slope of the calibration graph, respectively).
LOD was 0.86 uM in the lower range region. The reproducibility of CA/GCE
was examined for 6 replicate measurements of 50 uM of DP. The relative stan-
dard deviation (RSD) of 2.7 % was obtained.
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Fig. 6. A) Cyclic voltammograms of CA/GCE in the presence of different concentration of
DP. Concentration of DP from a to q are: 0.0, 5.0,10.0, 20.0, 45.0,75.0,100.0,130.0,150.0,
200.0, 300.0, 350.0,400.0, 500.0, 600.0,700.0 and 750.0 uM. Scan rate: 20 mV/s.

B) Plot of the anodic peak current versus concentration of DP; t =25+1 °C.

Table I shows the comparison of this study and previously reported
voltammetric methods for the determination of DP. As it is seen, the analytical
parameters are comparable or better than the results reported for DP determin-
ation at the surface of other modified electrodes.

TABLE I. Comparison of the results of the proposed method with similar reports

Method Electrode Linear range, uM Detection limit, uM Reference
Ccv* Cu,O/Graphene/GCE 0.1-10 0.13 19
CcvV Methionine/CPE 100450 1 20
DPV* RGO-AuNPs-CSHMs 1-200 0.3 21
DPV TiO2/ grapheme /GCE 5-200 2 22
DPV “SZP/MB composite electrode 6-100 1.7 23
DPV Graphene /GCE 4-100 2.64 24
[8\Y% CA/GCE 5-750 0.86 This work

CV: Cyclic voltammetry; Pdifferential pulse voltammetry; “SiO,/ZrO,/phosphate /methylene blue/graphite

The CA/GCE applicability was evaluated by measuring the DP concen-
tration in human blood serum sample after the protein precipitation process. The
recovery of DP from human blood serum was measured by the injection of a drug
with a known amount of DP. Table II shows the results obtained by analysis of
the DP content of the human blood serum samples. As Table Il shows, the pro-
posed method provides a potential tool for the determination of DP in real
samples with good recoveries and good reproducibility.
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TABLE II. Determination of DP in human serum samples under the optimum conditions (n = 6);
Concentration sample: plasma

DP added, uM DP found, pM Recovery, %
50 55.0+£0.3 110
10 11.5+0.4 115
5 5.6+0.7 112

The main problem in the DP determination is the difference between the DP
and the simultaneous presence of such species as the ascorbic acid (AA) and the
uric acid (UA). To determine the selectivity of the modified electrode, the
electrocatalytic response of AA, UA and various substances (Table III) were
evaluated under optimized experimental conditions in CA/GCE (Fig. 7). As can
be seen, /,a; in the absence (curve a) and in the presence of ascorbic acid (curve
b), is nearly the same, but curve ¢ shows the noticeable catalytic current when DP
was added to the previous solution (curve ¢). Also, it is shown that the increasing
UA to the previous solution does not influence on the Iya; (curve d). The effects
of various substances on DP determination (50 uM) were evaluated under
optimal conditions. The tolerance limit was taken as the maximum concentration
of the interfering substance that caused an error less than 5 % for determination
of DP. We observed no significant interference up to 100 uM (Table III).

TABLE III. Interference of some foreign species on the determination of 50.0 uM DP under
the optimized conditions.

Foreign spacies Tolerant limits (Wustance/ Wnp)
Ascorbic acid, sucrose, glucose, sodium benzoate, 100
fructose
Uric acid 1000

- d Fig. 7. Linear sweep voltammograms of

CA/GCE: in the absence of AA (curve

<« 1 ’ a) and in the presence of AA (0.1 mM)
£ (curve b). ¢) Cyclic voltammograms of

CA/GCE: in the presence AA (0.1 mM)
0.5 - : and DP (0.05 mM). d) Cyclic voltam-
mograms of CA/GCE: in the presence
AA (0.1 mM), DP (0.05 mM) and UA

0 T T » (1 mM) aqueous solution containing
-0.2 0 0.2 0.4 phosphate buffer (c = 0.2 M, pH 8.0).
E/V vs.Ag/Agcl Scan rate 20 mV/s.
CONCLUSIONS

In this study, we have prepared a new modified CA/GCE for DP deter-
mination. The modification of the glassy carbon working electrode with catechol
has significantly improved the electrochemical response for DP determination.
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Under the optimum conditions, the cyclic voltammetry of DP at the CA/GCE
exhibited two different linear of calibration curves in the concentration range of
DP of 5-100 uM and 100-750 puM with a detection limit of 0.86 uM in the lower
range region. The modified electrode has been successfully applied as a new
sensitive and selective sensor for detection of DP in real samples such as blood
serum samples, spiked with low concentrations of the drug.
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U3BOJ
BOJITAMETPUJCKO OJPEBUBAILE NOITAMHUHA HA EJIEKTPOIH OJI CTAKJIACTOT
YITBEHUKA EJIEKTPOXEMHUICKU MOJUPUKOBAHOJ KATEXOJIOM

ZEINAB POURGHOBADI' u DAVOOD NEAMATOLLAHI®
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Y pany je xopuinheweM LUKIMYHE BOJTAMETPHje Kao JHUjarHOCTUUKE TEXHUKE UCTIUTAHO
NOHAIake JJOMaMHUHA HA eJIeKTPOAU Of CTAKJIACTOr YITheHWKA, YHUCTOj U eIeKTPOXEeMHjCKU
MoLU(DUKOBAHOj KaTexoysoM. PesynTaTd mokasyjy fa CTaKjIacTH yIbeHUK MOJUGUKOBaH
KaTexoJ0M MMa BHCOKY aKTHBHOCT 3a IOIMAMHH. BolTaMeTpHjCcKH NUKOBU NONAaMHHA Ha OBOj
eJIeKTPOJIH MOKa3yjy ABe JuHeapHe obdmactd, mpBy usMehy 5,0 u 100 uM u gpyry usmehy 100
u 750 uM, y3 rpanuny petexudje on 0.86 pM. V 1mect NoHOB/BEHUX Mepema ca PacTBOPOM
IonamMuHa KoHueHTpauuje 50 pM penaTvBHa cTaHAapAHa AeBHjauuja je usHocuna 2,7%. Osa
MeTojia je ycrnemHo kopuirheHa 3a ogpehuBame JoaMHHa y Y30pLHMa CepyMa.

(ITpumsmeno 19. nenemdpa 2016, pesunupaHo 1. jyHa, npuxsaheno 13. jyHna 2017)
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