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A polymerized film of glycine (Gly) was prepared on the surface of carbon paste electrode (CPE) through
the cyclic voltammetry (CV) technique. A novel biosensor for the determination of dopamine (DA) has
been constructed based on horseradish peroxidase (HRP) and multiwalled carbon nanotubes (MWC-
NTs) immobilizing on Poly (Gly)/CPE through silica sol-gel (SiSG) entrapment. CV measurements were
employed in order to understand the feasibility of poly (Gly) as an electron carrier between the immo-
bilized peroxidase and the surface of CPE. By using differential pulse voltammetry (DPV) the calibration
curves of DA was obtained in the range of 15-865 M. The limit of detection (LOD) and limit of quantifica-
tion (LOQ) of DA was found tobe 6 x 107 M and 2 x 10~6 M respectively. The apparent Michaelis—Menten
constant (KiP?) was found to be 0.5mM and illustrated that the good biological activity of the fixed
enzyme. Electrochemical impedance spectroscopy (EIS) results confirmed the rapid electron transfer
and also the immobilization of enzyme on the electrode surface. The biosensor showed high sensitivity,
selectivity and reproducibility. This method has been used to determine DA in the presence of various
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interferences and in clinical preparations.
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1. Introduction

Dopamine (DA) is one of the most typical catecholamine neu-
rotransmitter, which mainly exists in mammalian brain tissues,
fluids and plays a very important role in the central nervous system
(CNS). When present in low concentration it is likely to give rise
to neurodegenerative diseases such as Parkinson and Alzheimer
[1]. DA is also widely applied in the treatment of circulatory col-
lapse syndrome caused by myocardial infaraction trauma renal
failure, cardiac surgery or congestic cardiac failure [2]. Numerous
methods have been used for the detection of DA include chemi-
luminescence [3], flourimetry [4], ultraviolet spectroscopy [5],
capillary electrophoresis [6], high performance liquid chromatog-
raphy (HPLC) [7], ion chromatography [8] and electrochemical
methods [9,10]. Among the above techniques the electrochemi-
cal techniques have gained more attention in many cases, due to
fast in detections, low in cost and lower detection limits with good
accuracy [9].

Carbon nanotubes (CNTs) are interesting materials for the
fabrication of biosensing devices with enhanced sensitivity. The
improvement of active surface area [11], their capability to facil-
itate redox reaction of many compounds [12], the increase in the
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sensitivity [13] advocate the use of nanotubes as key building blocks
in fabricating the electrodes. Enzymatic electrochemical biosensing
for medical purposes is one of the most promising applications of
CNTs [14]. The CNTs have the capability to promote the electron
transfer from enzyme to electrode surface. Actually, the multi-
walled carbon nanotubes (MWCNTSs) are mostly metallic and also
reduce the fouling of enzymes [15]. Thus, MWCNTs is a better mod-
ifier for electrochemical applications [16].

Horseradish peroxidase (HRP) is one of the most widely stud-
ied enzymes in the development of enzyme based biosensors and
this is due to easy availability and low cost. The enzyme contains
heme as a prosthetic group, which is also the protein active site
with the resting state of the heme-iron Fe (II); and it can catalyze
the oxidation of a different substrates [17]. However, it is difficult
for the immobilization of HRP on the electrode surface and hence
it requires a specific immobilization method for immobilization
of HRP. In the recent past several valuable immobilization strate-
gies have been employed including absorption [18], cross linking
[19,20], layer by layer assembly [21], sol-gel entrapment [22] and
electro polymerization [23,24]. Among the above silica sol-gel
technology has been utilized for the immobilization of a wide
variety of biomolecules, due to its advantages, such as chemical
inertness, physical rigidity, high thermal stability, biodegradation
and optical transparency [25,26]. It has been widely used as an effi-
cient fixing agent of biocatalyst on the electrode surface. Because
of its good biocompatibility and film forming ability, the stability
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of the biosensors can be enhanced largely and also it has numerous
biological sensing applications [27-30].

The present manuscript describes the immobilization of HRP
and MWCNTs on a poly (Gly) modified carbon paste electrode. The
electrocatalytic response to the oxidation of DA by using CV and
DPV was studied. The modification process was characterized by
CV. The factors influencing and the performance of the biosensor
were studied in detail. The experimental results showed that the
biosensor could be directly used for the determination of DA con-
centrations in clinical preparations with satisfactory results. The
biosensor exhibited high sensitivity, selectivity, good repeatability
and reproducibility.

2. Experimental
2.1. Reagents

All chemicals were obtained from commercial sources and used without further
purification. Horseradish peroxidase (E.C. 1.11.1.7 type - VI-A - S/5mg, Amora-
cia rusticana source, 1840U/mg), Dopamine and glycine were purchased from
Sigma-Aldrich chemicals Co. USA. Tetraethyl orthosilicate (TEOS), cetyltrimethyl
ammonium bromide (CTAB), Triton X-100 were obtained from Sigma-Aldrich chem-
icals Co. USA. The graphite fine powder was procured from Loba Chemie Pvt.
Ltd., Mumbai (INDIA) and silicon oil from Thermo Fisher Scientific India Pvt. Ltd.,
Mumbai (INDIA). Multiwalled carbon nanotubes (MWCNTs) were purchased from
Dropsens, Edificio CEEI, Llanera (SPAIN). Phosphate buffer solution (PBS) was pre-
pared by mixing 0.1 M disodium hydrogen phosphate and 0.1 M sodium dihydrogen
orthophosphate. All the aqueous solutions were prepared with double distilled
water. The enzyme stock solution and working solutions of chemicals were stored
in refrigerator.

2.2. Apparatus

The electrochemical measurements were taken in a three electrodes cell at a
room temperature of 25 + 2 °C. The working electrode was an enzyme immobilized
carbon paste electrode (HRP-MWCNTSs-SiSG/Poly (Gly)/CPE). The reference elec-
trode was a saturated calomel electrode system and glassy carbon rod electrode
was used as an auxiliary electrode. Electrochemical measurements were carried out
using CH - Electrochemical Analyzer (Model CHI - 660D, CH Instruments, USA). Elico
U 120 pH meter combined with pH CL 51 B electrode was used for measuring the
pH values.

2.3. Preparation of poly glycine modified carbon paste electrode (Poly (Gly)/CPE)

The carbon past electrode was prepared by hand mixing 85% graphite powder
and 15% silicon oil in an agate mortar. The carbon paste was packed into the cavity
of a homemade carbon paste electrode with a diameter of 2 mm and smoothed on
a weighing paper [31,32]. The 0.01 M of glycine aqueous solution was placed in the
electrochemical cell, the CPE was dipped and was scanned for four multiple cycles
between the potential ranges from —0.5V to +1.8 V at a scan rate of 100 mV s~'. After
the polymerization, the Poly (Gly)/CPE was rinsed sufficiently with double distilled
water.

2.4. Fabrication of biosensor (HRP-MWCNTs-SiSG/Poly (Gly)/CPE)

A homogenous TEOS silica sol-gel was made by mixing 2 ml of TEOS, 1 ml of
H,0, 50 pl of 0.1 M HCl, 25 pl of 10% Triton X-100. The mixture was stirred for 1h
for obtaining clear sol. The sol can be stored for about 1 month when it was kept in
refrigerator.

The 10 pl of 5 mg/ml HRP enzyme stock solution was added to the mixture of
10 pl of stock SiSG solution, 40 wl of 0.1 M PBS and 10 .l of 0.1 mg/ml MWCNTs. A
drop of this dispersion with a volume of 5 l was cast onto the surface of the Poly
(Gly)/CPE, and then it was allowed to dry at room temperature for 3—-5 min. The elec-
trode was gently washed with PBS and was used for further experimental procedure
[33]. The fabrication procedure of the biosensor was illustrated in Scheme 1.

3. Results and discussion

3.1. Electro polymerization of glycine at the surface of carbon
paste electrode

Fig. 1 shows the electropolymerization of glycine on the surface
of carbon paste electrode through CV. The positive potential in the
potential scan range was the most important factor in preparing
the polymer film, when the potential scan window was between
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Scheme 1. A schematic diagram showing the various steps involved in the con-
struction of HRP-MW(CNTs-SiSG/Poly (Gly)/CPE and with working principle for the
determination of DA.

—500mV and +1200 mV, it was observed that there was no poly-
mer formation on the electrode surface, but when extended from
—500mV to +1800 mV the effective polymerization was observed.
When the potential window was extended in negative direction
the polymerization was not observed. Hence the potential window
between —500 mV and +1800 mV was considered for the effective
polymerization process. The experimental results showed that in
the first scan a broad voltammogram was obtained which goes on
increasing with increase in the number of cycles indicating the
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Fig. 1. Cyclic voltammogram for the electrochemical polymerization of glycine at
the CPE.
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Fig. 2. Cyclic voltammmograms recorded at (a, e) HRP-MWCNTs-SiSG/Poly
(Gly)/CPE, (b) HRP-SiSG/poly (Gly)/CPE, (c¢) HRP-SiSG/CPE, (d) CPE in 1 M KCl solu-
tion containing 1 mM K4[Fe(CN)s], (e): in the buffer solution.

formation of electro conductive polymer film on the electrode sur-
face. The fabricated polymer film electrode was then washed with
distilled water to remove the physically adsorbed material and was
used for further electrochemical analysis.

3.2. Electrochemical characterization of assembly process of
HRP-MW(CNTs-SiSG/Poly (Gly)/CPE

Fig. 2 shows the cyclic voltammograms for the different
assembly stages of the biosensor in 1mM K4 [Fe(CNg)] solution
prepared by 0.1 M PBS (pH 7.0)/1 M KCl, where the curves (a and
e) express HRP-MWCNTs-SiSG/Poly (Gly)/CPE, curve ‘b’ express
HRP-SiSG/Poly (Gly)/CPE, curves ‘c’ and ‘d’ were HRP-SiSG/CPE
and bare CPE respectively. From the curves ‘c’ (Ip,=8.6 pA and
Ep,=0.265V) and ‘d’ (Ipa=9.3 p.A, Epa=0.264V, Ip.=8.9 pA and
Ep.=0.142V), it can be observed that the peak currents decrease
significantly and also the cathodic peak shape was demolished after
assembling HRP-SiSG on the bare CPE, this is due to the hinder-
ing of electron transfer by the enzyme. This also proved that the
HRP-SiSG was assembled successfully. According to the curve ‘b’
(Ipa=13.7 WA, Ep,=0.227V, Ipc = 14.5 pA and Ep. =0.160V), it can
be documented that the peak currents of redox peaks are increased
rapidly after assembling poly (Gly) with HRP-SiSG on the CPE and
this was due to the excellent electron transfer ability of poly (Gly) in
between the enzyme and the electrode. The curve ‘a’ (Ipa =15.4 pA,
Epa=0.231V,Ip.=15.3 pA and Ep. =0.154 V) shows the increase in
the redox peak currents on adding MWCNTSs to the above combina-
tion electrode and this was due to the good electrical conductivity
of MWCNTs.

3.3. Electrocatalytic response of DA at HRP-MWCNTs-SiSG/Poly
(Gly)/CPE

Fig. 3 demonstrates the cyclic voltammograms obtained for the
electrochemical response of 1mM DA at the bare CPE (curve ‘b’),
MWCNTs/Poly (Gly)/CPE (curve ‘c’) and HRP-MWCNTs-SiSG/Poly
(Gly)/CPE (curve ‘d’) in 0.1M PBS (pH 7.0)/1M KCl (curve ‘a’)
at a scan rate of 50mVs~!. At the bare CPE, the oxidation
(Epa) and reduction (Ep.) peak potentials occurred at 0.192V
and 0.094V respectively and corresponding peak potentials dif-
ference (AEp) was found to be 98 mV. The anodic and cathodic
peak current ratio (Ipa/Ipc) was about 1.7, which were the
characteristics of quasireversible electrode process. Under the
similar conditions, the Ep, and Ep. peak potentials occurred
at 0.179V, 0.134V for MWCNTs/Poly (Gly)/CPE and 0.171V,
0.123V for HRP-MWCNTs-SiSG/Poly (Gly)/CPE. The AE, values
were found to be 45mV, 48 mV and Ip,/Ip. were 1.1, 1.3 for
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Fig. 3. Cyclic voltammograms of (a, d) HRP-MWCNTs-SiSG/Poly (Gly)/CPE, (b) CPE,
(c) MWCNTs/poly (Gly)/CPE in 0.1 M PBS (pH 7.0)/1 M KCl (a) and 1 mM DA (b, c and
d) at scan rate of 50mVs~1.

MW(CNTs/Poly (Gly)/CPE and HRP-MWCNTSs-SiSG/Poly (Gly)/CPE
electrodes respectively, and these represent the characteristics of
reversible electrode process. The remarkable enhancement of peak
currents provides the clear evidence of the catalytic effect of the
biosensor.

The surface concentration of electroactive HRP (I') in
HRP-SiSG/MWCNTs/Poly (Gly)/CPE was estimated according to
Faraday laws as follows [34].

n?F2AIv
= TaRT M

where Ip is the reduction peak current, A is the electrode active
surface area, v is the scan rate, n is the number of electrons, R, T and
F has their usual meanings. By using the above mentioned equa-
tion (1) the value of I" was calculated as 1.15 x 10~7 mol cm~2. The
amount of electroactive HRP was more than 5.00 x 10~ mol cm~2,
which was a saturated concentration of HRP in one layer [35], indi-
cating the formation of multiple layers of HRP on the electrode
surface. This indicates the multiple but not the single layer formed
on the electrode surface. The MWCNTs-SiSG/Poly (Gly)/CPE immo-
bilization matrix was of more efficient for the HRP immobilization.
The surface concentration of electroactive HRP (I") with different
immobilization matrices was compared with the present immobi-
lization matrix in Table 1.

Ip

3.4. Influence of the solution pH

The effect of pH (5.5-8.5) on the electrochemical responses of
biosensor towards the determination of DA was studied in 0.1 M
PBS/1 M KCl solution. As shown in Fig. 4, the peak currents of DA
reached maximum at pH 7.0, and then decrease gradually with
increase in pH. Hence for further experimental analysis pH 7.0 was
selected. The peak potentials were shifted from 0.22 V t0 0.06 V with
increasing pH of the solution from 5.5 to 8.5. The potential diagram
was constructed by plotting the graph of Ep,/Ipa vs. pH of the solu-
tion and it was shown as inset of Fig. 4 and the linear regression
equation was found to be Ep, (V)=0.5274-0.0566 pH (1% = 0.9899).
The graph has good linearity with a slope of 56 mV/pH, this value
was nearly close to the theoretical value (59 mV/pH) of the Nernst
equation for equal number of electrons and protons transfer reac-
tion [43].

3.5. Effect of scan rate
The effect of scan rate for DA in 0.1 M PBS (pH 7.0)/1 M KCI was

studied at the developed biosensor electrode by CV. The redox peak
currents were increased by increasing the scan rate from 50 mV s!
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Table 1

Michaelis-Menten constant and I values for HRP in different biosensors.
Biosensor r: KPPb [Ref.]
HRP/MPAS /Au¢ 5x 10~ molcm—2 - [35]
HRP/DPPA¢ |PGE’ 1.5 x 10" mol cm—2 - [36]
HRP/nano-Au/ch®/GCE" 1.2 x 10-2 molcm—2 1.55mM [37]
HRP/nano-Au/Cys'/SiSG'/Au - 1.1mM [38]
HRP/Colloidal Au/CPEX 7.5 x 10~ mol cm~2 3.69 mM [39]
HRP/Colloidal Au/SPCE' - 1.3 mM [40]
HRP/MB™/MWCNTSs"/GCE 3.2 x 102 mol cm2 0.12mM [41]
CPE/sol-gel-Fer® /HRP/sol-gel - 0.19 mM [42]
HRP-MW(CNTs-SiSG/Poly (Gly)?/CPE 1.15 x 10-7 mol cm~2 0.5mM (for DA) Present work

a I" - Electroactive concentration of HRP on the immobilized electrode surface.
b KPP _ Apparent Michaelis-Menten constant.
¢ MPA - 3-mercaptopropionic acid.
4 Au - Gold electrode.
¢ DPPA - Dipalmitoylphosphatidic acid.
f PGE - Pyrolytic graphite electrode.
& ch - Choline.
" GCE - Glassy carbon electrode.
I Cys - Cysteine.
1 SiSG - Silica sol-gel

k' CPE - Carbon paste electrode.

! SPCE - Screen printed carbon electrode.
m MB - Methylene blue.

" MWCNTs - Multiwalled carbon nanotubes.
° Fer - Ferrocene.

P Poly (Gly) - Poly (Glycine).
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Fig.4. The differential pulse voltammograms of biosensor with different pH of 0.1 M
PBS/1 M KCl containing 1 mM DA. Inset: Relationship of Ep,/Ip, vs. pH.

to 130mVs~! and the same was shown in Fig. 5(A). The graph
showed good linearity between the square root of scan rate (v1/2)
and redox peak currents with correlation coefficients (r2) of 0.9931
and 0.9912 for v!/2 vs. Ip, and v!/2 vs. Ip. respectively. These results
indicate that the electron transfer reactions of biosensor were dif-
fusion controlled process.

HO NH; HO

In order to support the DA electrochemical reaction mechanism,
the variation of the peak potentials as a function of the scan rate was
analyzed. The anodic potentials depend linearly on the logarithm
of the scan rate as predicted by Eqgs. (2) and (3) proposed by Aoki
et al. [44].

1/2
Ep, = Eo +m[0.78 +In (D,@) —0.5Inm] +0.5mln v 2)
RT
"= (0 ] ©)

where ‘E,’ is the formal potential of DA, ‘D’ is the diffusion coef-
ficient, ‘K®’ is the heterogeneous standard rate constant, ‘o’ is
the energy transfer coefficient and ‘n’ is the number of electrons
transferred during the heterogeneous reaction. R, F and T are the
universal gas constant, Faraday constant and absolute tempera-
ture respectively. The formal potential of DA was deduced from the
intercept of Ep vs. U plot. From Eq. (4) [45], it is possible to calculate
the value of the energy transfer coefficient () from the Fig. 5(C) as
0.368. The ‘o’ value and the slope obtained from the Fig. 5(B) was
substituted in Eq. (3) and from the calculation, the number of elec-
trons involved during DA two step oxidation processes was found
to be 0.90 (~1). From these results it is possible to conclude that

\/\/ﬁ"’

+1e + 1H'

Ho &N\
" e . \/\/"'“3
; — e +1e + 1H'
HO Ny o i,
- +2¢ + 2H"

HO'
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Fig. 5. [A] The cyclic voltammograms of biosensor with different scan rates a—50mVs-!, b-60mVs~!, c-»70mVs~!, d-80mVs!, e-90mVs', f->100mVs',
g—->110mVs~!, h-120mVs~', i-130mVs~! in 0.1 M PBS/1 M KCl containing 1 mM DA. Inset: Relationship between Ip vs. v'/2, [B] Relation between peak potential (Ep,)
and the scan rate (In v). [C] Experimental variation of peak current (Inlp,) as a function of the difference Ep, — E,.

DA oxidation occurs through monoelectronic steps as indicated in

(R1 and R2).

ip = 0.227FAC};K°exp[—af(Ep — E°)]

where A is the electrode surface area, C; is the DA concentration

and f=F|RT.

To determination of the values of K° from experimental AE,
values, Eq. (5) was a valid approximation of such curves for

AEp>10mV and the results were reported in Table 2.

(4)

v
AEP = 201.39log (F) —301.78 (5)
Table 2
Electrochemical parameters of DA at different scan rates.
v/mVs! AE,/mV K°[s1
60 75 0.809
70 81 0.881
80 93 0.877
90 101 0.901
100 109 0.912
110 120 0.885
120 129 0.871
130 140 0.832

3.6. Electrocatalytic oxidation of DA at HRP-MWCNTs-SiSG/Poly
(Gly )/CPE (biosensor)

Fig. 6 shows the typical DPV response of the biosensor for suc-

cessive additions of DA under optimized conditions. It was clear
that a rapid and sensitive response of DA was achieved due to the

55 . . . . .
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Fig. 6. Typical differential pulse voltammograms of (a) 0 wM, (b) 15 wM, (c) 30 wM,
(d) 45 uM, (e) 55 uM, (f) 75 M, (g) 95 uM, (h) 115 M, (i) 165 uM, (j) 215 uM, (k)
265 M, (1) 365 M, (m) 465 M, (n) 665 WM, (0) 865 M for DA in 0.1 M PBS/1M
KCl. Inset: [A] Calibration plot of Ip vs. [DA]. [B] Lineweaver—Burk plot for DA.
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presence of matrix immobilized on the electrode surface, which
facilitated the efficient electron transfer rate. The inset [A] of Fig. 6
shows the calibration curve between the biosensor response and
the DA concentration. Excellent linear relationship was obtained in
the concentration range of 15-165 wM with the linear regression
equation of Ip (107> A)=—0.0075 +0.076C (.M), (2 =0.9993). The
LOD and LOQ of this biosensor were estimated as 6 x 107 M and
2 x 10-% M respectively. The LOD and LOQ values were calculated
by using the following equations [46,47].

3Sp

top = > 2 (6)
Log = 1% (7)

where S, is the standard deviation of mean values for 10
differential-pulse voltammograms of blank solution, S is the slope
of the working curve. The apparent Michaelis-Menten constant
(K;PP), gives the information of enzyme substrate kinetics and also
the enzymatic affinity and can be calculated from the electrochem-
ical version of the Linewever-Burk equation [48].

1 1 K¥P

iS imax

imaxc (8)
where ‘is’ is the steady current after the addition of substrate and
‘imax’ 1S the maximum current measured under saturated sub-
strate condition. The K’ was determined from the slope and
intercept for the calibration plot of reciprocals of current vs. DA
concentration and was illustrated in the inset [B] of Fig. 6. The
immobilized enzyme showed KPP and imax values of 0.5mM and
0.4mA respectively. The K;PP was smaller than reported result
for HRP immobilized in sol-gel derived ceramic-carbon nanotube
nanocomposite film (23.85mM) [49]. The smaller KPP indicates
the immobilized HRP posse’s high catalytic affinity towards the
oxidation of DA.

3.7. Investigation of electrochemical behavior of various film
modified electrodes using EIS studies

The Electrochemical impedance spectroscopy (EIS) is an effec-
tive technique for studying the interfacial properties of various
surface modified electrodes. The electron transfer resistance (Ret)
controls the interfacial electron transfer rate of the modified elec-
trodes. Its values were varied when different types of modifier
substances are adsorbed on the surface of the electrode [50]. The
EIS measurements were carried out in a solution of 5mM K3 [Fe
(CNg)]/K4 [Fe (CNg)] and 1M KCI at a initial potential of 0.0653V,
the alternating voltage of 5mV and the frequency range between
1Hz and 1 x 10° Hz.

Fig. 7 presents the impedance spectrum of different modified
electrodes. The Rer values were obtained by fitting the equiva-
lent circuit (Inset). It was observed that the bare CPE (a) with
(Ret =28.3 2), after being immobilized with enzyme solution on the
surface of CPE i.e. HRP-SiSG/CPE (b) (Ret=36.5 2) exhibits more
resistance than CPE, due to the blocking of active sites of elec-
trode. To the above mentioned electrode MWCNTs was added i.e.
HRP-MWCNTSs-SiSG/CPE (c) and found (Ret = 17.9 2). We observed
the decrease in resistance values and this was due to the good
conductivity of MWCNTs. The polymerized CPE i.e. poly (Gly)/CPE
(e) (Ret=10.52) showed least resistance of the all electrodes
because of excellent conductivity between the K3 [Fe (CNg)]/Ky4
[Fe (CNg)] and surface of the electrode. To the polymerized elec-
trode HRP was added i.e. HRP-SiSG/poly (Gly)/CPE (d) and found
(Ret=14.6 2) later MWCNTs was added to the above electrode
i.e. HRP-MWCNTs-SiSG/Poly (Gly)/CPE (f) and found (Ret = 11.3 2).
From the results, we concluded that for every addition of enzyme
solution onto the surface of different composite electrodes, there
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Fig. 7. EIS of (a) bare CPE (b) HRP-SiSG/CPE (c) HRP-MWCNTs-SiSG/CPE (d)
HRP-SiSG/poly (Gly)/CPE (e) poly (Gly)/CPE (f) HRP-MWCNTs-SiSG/Poly (Gly)/CPE
recorded in 1M KCl containing 5mM K3[Fe(CN)s]/K4[Fe(CN)g], amplitude: 5mV,
frequency: 1Hz to 100 kHz.

was a rise in Ret values. Therefore, we confirmed that the HRP was
successfully immobilized on the electrode surface.

3.8. Interference study at the biosensor

The selectivity of the biosensor was investigated by detecting
0.2 mM of DA in the presence of several possible coexisting interfer-
ences such as uric acid, ascorbic acid, serotonin, tyrosine, aspartic
acid, serine and cysteine. The results are reported in Table 3. The
current ratio were calculated by measuring the current of the
biosensor in 0.1 M PBS/1 M KCI containing 0.2 mM of DA and 1 mM
interfering substance (I;) and comparing it with the current of
biosensor in 0.1 M PBS/1 M KCl containing only 0.2 mM of DA (I3).
The degree of interference from the substances can be judged from
the values of current ratio. From the results, we concluded that the
developed biosensor exhibits an excellent selectivity towards the
determination of DA, since there was no significant change in the
current ratio with the interferences.

3.9. Stability and reproducibility of the biosensor

The stability of the developed biosensor was studied by per-
forming 50 multiple successive cycles in the potential range from
—0.2Vto 0.6V atascan rate of 50mVs~!in 0.1 M PBS (pH 7.0)/1M
KCI containing 1 mM of DA, it was observed that after 50 cycles
there was no much disturbance in the peak potentials of the
system, whereas the peak currents of the system reduced to 89% in
comparison with the initial signal. This indicates that immobilized
enzyme matrix was stably fixed onto the electrode surface. In
terms of repeatability a relative standard deviation (RSD) of 3.5%
was estimated at 1 mM of DA. The reproducibility of the biosensor
was investigated by constructing four enzyme electrodes and these
were tested in 1 mM of DA and found an RSD of 4.3%. The biosensor

Table 3
Effect of possible interferants on the biosensor.

Interferants Current ratio (I /1) %RSD?
Uric acid 0.88 1.92
Ascorbic acid 0.96 1.65
Serotonin 0.98 1.47
Tyrosine 0.93 1.75
Aspartic acid 1.01 1.21
Serine 0.94 1.95
Cysteine 1.13 2.03

2 Four number of assay.
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Table 4A

Detection of DA in injection samples.
Sample Content (mg/ml) Found? (mg/ml) %RSD Recovery (%) Bias
1 4.0 3.95 2.5 98.7 -1.25
2 4.0 3.91 29 98 -2.25
3 4.0 4.02 2.1 100.5 +0.5
4 4.0 3.97 23 99 -0.75
2 Average for four determinations.

Table 4B

Comparison of different electrochemical techniques for the determination of DA.
Electrode LOD/ML-! Technique Ref.
Metallothioneins self-assembled gold electrode 6x10°6 cv [51]
Ionic liquid modified carbon paste electrode 7x1077 cv [52]
Poly (caffeic acid)/GCE 2x 1077 cv [53]
a-CD/CNT/PGE 1x10°6 DPV [54]
Poly (p-toluene sulfonic acid) modified glassy carbon electrode 6x1077 DPV [55]
Poly(solo chrome dark blue) modified carbon paste electrode 8x 1077 DPV [56]
HRP-MWCNTs-SiSG/Poly (Gly)/CPE 6x1077 DPV Present work

electrode showed a comparable stable activity when stored in
0.1 M PBS (pH 7.0) for up to 2 weeks in the refrigerator at 4°C.

3.10. Analytical application

The biosensor was applied for the determination of dopamine
hydrochloride injection. The DA injection sample purchased from
sterile specialties India Pvt. Ltd., with a specified content of DA
40 mg/ml. The samples were examined after suitable dilution with
0.1 mM PBS. The results were reported in Table 4A. The recovery and
RSD were acceptable and showed that the proposed method could
be efficiently employed for the determination of DA in injections.
Table 4B shows the results obtained at various modified electrodes
towards the determination of DA and comparison with the present
method.

4. Conclusions

In the present work, we have developed a novel strategy based
on the modification of CPE with poly (Gly) and MWCNTs, which
facilitates the immobilization of HRP-SiSG and also the electron
transfer rate between the enzyme and the surface of the electrode.
The biosensor exhibited a remarkable good analytical performance
in terms of sensitivity, stability, selectivity, ease of fabrication, low
cost and fast response. The proposed biosensor was able to deter-
mine DA in the presence of number of interferences and in DA
injection samples. We believed that, this approach can be readily
applied to the development of reagentless biosensor towards the
determination of DA and other neurotransmitters.
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