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The present paper describes the new strategy for the development of nanosensor based on dropcasting of multi-
walled carbon nanotubes (MWCNTs) followed by electropolymerization of serine (ser) onto the glassy carbon
electrode (GCE). The developed nanocomposite sensor was abbreviated as poly(ser)/MWCNTs/GCE and was
characterized by using electrochemical impedance spectroscopy (EIS) technique. The EIS results confirmed
the fast electron transfer rate at the surface of poly(ser)/MWCNTs/GCE. The proposed sensor exhibited good cat-
alytic activity towards the sensing of epinephrine (EP) individually and simultaneously in the presence of sero-
tonin (5-HT) and folic acid (FA) in 0.1 M phosphate buffer solution (PBS) at pH 7.0. The limit of detection (LOD)
and limit of quantification (LOQ) of EP was found to be 6 × 10−7 M and 2 × 10−6 M respectively. The fabricated
sensor showed excellent precision and accuracy with a relative standard deviation (RSD) of 4.86%. The proposed
composite sensor was effectively applied towards the determination of EP in human blood serum and pharma-
ceutical injection sample.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Epinephrine (EP) (1-(3,4-dihydroxyphenyl)-2-methyloamino-
ethanol) (also known as adrenaline) is an important catecholamine
neurotransmitter in the mammalian central nervous system for
transporting the information among the biological cells [1],which exists
in the nervous tissue and body fluids as a large organic cation. It plays
significant role in the function of the central nervous, hormonal and car-
diovascular systems. Many life phenomena are connected to the con-
centration of EP in blood. Changes of its concentration in blood show
theway tomany diseases [2]. Medically, EP has been used as a common
emergency healthcare medicine [3]. These catecholamine drugs are
used to treat hypertension, sepsis, bronchial asthma, cardiac surgery
and myocardial infarction [4,5]. EP is not only healthcare medicine but
also a powerful doping agent, thus, it is banned by theWorld Anti Dop-
ing Agency (WADA) in taking during sports competition [6]. Therefore,
the determination of EP in human bodyfluids has attractedmuch atten-
tion to the researchers. Serotonin (5-hydroxy tryptamine, 5-HT) is a
monoamine neurotransmitter synthesized in serotonergic neurons in
the central nervous system (CNS) and plays a crucial role in the emo-
tional system together with EP in the brain [7,8]. Folic acid (FA) (vita-
min B9) works principally in the brain and CNS. Thus, it is necessary
dana Reddy).
for the production of EP and 5-HT in the nervous system. Therefore, si-
multaneous determination of EP, 5-HT and FA has acquired great
importance.

Carbon nanotubes (CNTs) are considered as a novel material due to
their unique properties and extensive applications since its discovery by
Iijima [9]. Recently, CNTs are considered for the fabrication of electro-
chemical sensors because of their unequal properties such as anti-
surface fouling, high sensitivity, a large edge plane/basal plane ratio,
high surface-to-volume ratio [10], high ability to promote electron
transfer [11], good electrical conductivity, and high chemical stability
and tubular structure. Previously, different types of electrochemical sen-
sors based on CNTs have been reported to detect the biological analytes
such as paracetamol [12], neurotransmitters [13–15], proteins [16], cy-
tochrome c [17], ascorbic acid [18], NADH [19] and hydrazine com-
pounds [20,21]. Thus, CNTs are suitable materials for the development
of electrochemical sensors.

Numerous analyticalmethods have been developed for the determi-
nation of EP. These methods consist of chemiluminescence [22],
chromatographic methods [23], capillary electrophoresis [24], flow in-
jection analysis [25] and spectroscopic methods [26]. However, these
methods need more complicated procedures, costly instrumentation
and over analysis time when compared to electroanalytical methods.
Electroanalytical techniques have several advantages such as good
sensitivity and selectivity, low cost, low background current, wide
range of potential ranges, quick surface renewal, easy fabrication, and
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trouble-free operation. In electroanalytical techniques, the redox course
of the analyte occurs at high over potential owing to the slow electron
transfer rate at conventional electrodes (such as GCE, Au and Pt). The
electrochemical determination of EP in the presence of ascorbic acid
(AA), uric acid (UA), FA and 5-HT at the conventional electrodes is of
poor result, to overcome this problem, themodification of the electrode
surface is of great interest. The concept of electrode surfacemodification
is one of the advanced methods in the field of electroanalytical chemis-
try. The modifications onto the surface of electrode lead to considerable
diminish of over potentials and enhance the electron transfer rate for
system of redox reactions. Various materials have been used for the
modification of electrode surfaces such as polymer films [27–29], nano-
particles [30,31], surfactants [32–34], organic compounds [35,36],
metals [37], and metal oxide nanoparticles [38] including MWCNTs
[39,40]. Nevertheless, when compared to the above materials, polymer
layer-MWCNTs composite based electrodes show high sensitivity and
boost up the electro-redox reaction of analytes. A poly(serine) film
onto the electrode surfaces offer extraordinary surface area, thereby, ex-
hibits good catalytic activity towards the electrochemical determination
of analyte. In this connection, in our present study, a facile and simple
nanocomposite sensor (poly(ser)/MWCNTs/GCE) was synthesized for
the determination of EP individually and simultaneously in the presence
of FA and 5-HT.
2. Experimental

2.1. Instrumentation

CHI 660D electrochemical work station was used for the measure-
ments of cyclic voltammetry (CV), differential pulse voltammetry (DPV)
and electrochemical impedance spectroscopy (EIS). A conventional
three electrode system was employed, which consists of a modified/
unmodified GCE as working electrode; saturated calomel electrode
(SCE) as reference electrode to measure cell potentials and glassy carbon
rod as an auxiliary electrode tomeasure the current. ElicoU120pHmeter
combined with pH CL 51 B was used to measure pH values. IR spectra
were recorded on Bruker Alpha-Eco ATR–FTIR (Attenuated total
reflection–Fourier transform infrared) interferometer with single re-
flection sampling module equipped with ZnSe crystal.
2.2. Reagents

Epinephrine was from HiMedia Laboratories Pvt. Limited, Mumbai.
Serotonin and folic acid serine were from Sigma. K3[Fe(CN)6] was
from Merck Specialities Pvt. Limited, Mumbai. K4[Fe(CN)6] and KCl
were from Qualigens fine chemicals, Mumbai. Multi-walled carbon
nanotubes (Dropsens, Edificio CEEI, Llanera (SPAIN)) were used as
received. The stock solution of 10 mM EP was prepared and stored in
a refrigerator. The working solution was prepared by diluting the
stock solution with buffer solution. 0.1 M PBS was prepared from
NaH2PO4·2H2O and Na2HPO4. Adrenaline® was taken as epinephrine
injection. All chemicals were of analytical grade and were used without
further purification.
Fig. 1. Five continuous cyclic voltammograms for the electrochemical polymerization of
serine onto the surface of MWCNTs/GCE.
2.3. Preparation of MWCNTs/GCE

The GCE was polished to a mirror finished on polish pads with 0.3
and 0.05 μm alumina slurry and cleaned thoroughly with distilled
water successively. MWCNTs were solubilized in ethanol (1 mg/ml)
and then ultrasonicated for 5 min to get MWCNTs dispersion. Immobi-
lization of MWCNTs was achieved by drop casting of 5 μL onto the sur-
face of GCE and dried at room temperature in the air. Hereafter the
resultant electrode was abbreviated as MWCNTs/GCE and was used as
working electrode.
2.4. Preparation of poly(ser)/GCE and poly(ser)/MWCNTs/GCE

Fig. 1 shows the uninterrupted 5 CV cycles atMWCNTs/GCE andGCE
in 1 mM serine aqueous solution (pH 7.0). Initially, the scan was run
from −0.5 to 1.0 V, it was observed that no polymer film was formed
on the MWCNTs/GCE and GCE surface. However, when the window
was extended from −0.5 to 2.0 V the effective polymerization was
achieved. On the other hand, when the potential windowwas extended
in negative direction, the polymerization was not observed. Therefore,
the window−0.5 to 2.0 V was considered for the successful polymeri-
zation process. The film coated electrode was washed with distilled
water to remove the physically adsorbed material. Hereafter the
resulted electrodes were abbreviated as poly(ser)/GCE and poly(ser)/
MWCNTs/GCE respectively and were used as working electrodes. The
steps involved towards the fabrication of poly(ser)/MWCNTs/GCE was
illustrated in Fig. 2.

3. Result and discussion

3.1. Characterization of poly(ser)/MWCNTs composite

FT-IR spectrum (Fig. S1) of the poly(ser)/MWCNTs composite gives a
confirmative evidence for the presence of poly(ser) molecule and the
MWCNTs. The asymmetric stretching of the CH group of the poly(ser)
molecule was found as a prominent band at 2926 cm−1. A strong and
characteristic band at 1744 cm−1 is due to stretching vibration of
carbonyl group. Appearance of a band at 3438 cm−1 confirms the
stretching vibrations of the NH and OH functions. Strong stretching
bands are evident in the region 1600–1400 cm−1 particularly at 1403,
1465, 1580 cm−1 for MWCNTs [41].

3.2. Electrochemical impedance study of poly(ser)/MWCNTs/GCE

Electrochemical impedance spectroscopy (EIS) technique is a pow-
erful and emerging tool for the study of interfacial electron transfer
properties and is used to identify the impedance changes of the elec-
trode surface during the modification process. By using EIS, the imped-
ance spectral data was recorded for bare GCE, poly(ser)/GCE, MWCNTs/
GCE and poly(ser)/MWCNTs/GCE (in the form of Nyquist plots) in 1 M
KCl containing 2.5 mM [Fe(CN)6]3−/4− as a redox probe at the initial
potential of 0.209 V with the range from 1 to 105 Hz (Fig. 3). Primarily,
the semicircle portion at high frequencies in the Nyquist plots corre-
sponds to the magnitude of the charge transfer resistance (Rct) in the
equivalent circuit. This value extensively varies based on the modifica-
tion of the electrode surfaces [42]. In order to work out the Rct values,
the impedance values were fitted to Randles equivalent circuit (Fig. 3



Fig. 2. A schematic diagram showing different steps involved in developing poly(ser)/MWCNTs/GCE towards the determination of EP.
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inset), which was considered based on the features of the obtained im-
pedance spectrum. As can be seen from Fig. 3, a semicircle with large di-
ameter was observed with Rct of 114.7Ω at bare GCE. On the one hand,
the diameter of semi-circle diminished to Rct 107.9 Ω at poly(ser)/GCE.
The decreased Rct indicates that the presence of better conductive poly-
mer layer of serine onto the GCE. In contrast, on drop casting the
MWCNTs onto the GCE, responded with low diameter of semicircle
(Rct 10.55Ω) because of surface anti-fouling activity and high enhanced
conductivity. On the other hand, by the electropolymerization of serine
onto the MWCNTs/GCE, the diameter of semicircle was drastically
lowered to 7.145Ω. This wasmainly observed due to the synergistic ef-
fect of MWCNTs and polymer of serine. This observed effect showed the
extraordinary catalytic activity. This is an evidence that the support of
charge transfer kinetics was a huge extent at poly(ser)/MWCNTs/GCE
on account of a poor charge transfer resistance at this nanocomposite
sensor.

3.3. Electrochemical investigation and electrochemistry of EP

The electrochemical behavior of 1 mM EP in 0.1 M PBS (pH 7.0) was
investigated using the CV technique. Fig. 4 shows the response of EP at
(a) GCE, (b) MWCNTs/GCE and (c) poly(Ser)/MWCNTs/GCE. At the
bare GCE, the electrochemical oxidation of EP occurs at about 0.332 V
and the peak was broad with poor response signifying slow electron
transfer kinetics at GCE. While, the peak potential was reduced to
0.127 V with considerable enlargement in the peak current during the
Fig. 3. EIS spectrum of 1 M KCl solution containing 2.5 mM [Fe(CN)6]−3/−4 at different
electrodes; inset— Randles equivalent circuit to poly(ser)/MWCNTs/GCE.
oxidation of EP at MWCNTs/GCE suggesting the MWCNT composite
sensor as a well-organized electron promoter in electrochemical reac-
tion of EP. However, a large improvement in the anodic peak current
was observed for the electrochemical oxidation of EP at poly(ser)/
MWCNTs/GCE surface, which was about 2.7 and 5 times higher in com-
parison with MWCNTs/GCE and GCE, respectively. The obtained results
clearly demonstrates that the increase in the peak current and lowering
of over oxidation potential at poly(ser)/MWCNTs/GCE were due to
electrocatalysis [43]. Therefore, the MWCNTs were responsible in the
improvement of surface area onto the GCE and the layer of serine poly-
mer on MWCNTs/GCE could improve the reversibility of the electron
transfer processes [44]. The electrochemical response of EP shows enor-
mous variation at poly(ser)/MWCNTs/GCE when compared to GCE and
MWCNTs/GCE. As can be seen in Fig. 4, there were no observable peaks
at GCE (system ‘a’) i.e., the anodic peak ‘A2’was not resolved well since
the electron diffusion at this electrode was very slow. While, high cata-
lytic activity was observed at MWCNTs/GCE due to large surface area,
but noticeable peak current was not appeared (system ‘b’). However,
at poly(ser)/MWCNTs/GCE (system ‘c’), well resolved peaks were ob-
servedwith highly enhanced peak currents, indicating that the polymer
of serine has picked up the electron transfer rate between EP and nano-
composite sensor. This behavior might be due to the fact that secondary
amine group of serine onMWCNTs attracts the electroactive OH groups
Fig. 4.Cyclic voltammograms for the electrochemical response of 1mMEP at (a) bareGCE,
(b) MWCNTs/GCE and (c) poly(ser)/MWCNTs/GCE in 0.1M PBS of pH 7.0 at a scan rate of
0.05 V·s−1.



Fig. 5. A schematic diagram showing the probable catalytic mechanism of poly(ser)/MWCNTs/GCE towards EP.
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of EP, thereby, leading to boost up the EP concentration on the electrode
surface (Fig. 5). The probable catalytic mechanism of EP was shown in
Fig. 6 [45]. From Fig. 4 (system ‘c’) electrochemical reaction mechanism
of EP at poly(ser)/MWCNTs/GCE can be expressed as follows: in the
positive scan direction i.e., from −0.6 to 0.8 V, only one peak ‘A1’ ap-
peared at 0.332 V corresponding to the electro-oxidation of EP to
open-chain quinone by the deprotonation process. In the reverse scan
direction i.e., from 0.8 to −0.6 V, epinephrine quinone has undergone
reduction at 0.090 V (peak ‘C1’), but it was less favorable. However,
epinephrine quinone Cyclises to epinephrinechrome via 1,4-Micheal
addition reaction. Peak ‘C2’ at −0.291 V in the potential direction
0.8 to −0.6 V corresponds to the reduction of epinephrinechrome
to leucoepinephrinechrome. However, by extending the scan direc-
tion again in the positive direction i.e., from −0.6 to 0.8 V, two
new anodic peaks ‘A2’and ‘A3’ were observed at −0.243 and
0.033 V, respectively. A new peak ‘A2’ corresponds to the reversible
oxidation of leucoepinephrinechrome to epinephrinechrome. The
leucoepinephrinechrome is a spontaneous process and is converted to
5,6-dihydroxy-N-methylindole. This 5,6-dihydroxy-N-methylindole is
electroactive in nature, thereby, it undergoes further oxidation to give
5,6-diquinone-N-methylindole (A3 peak). Therefore, the developednano-
composite sensor is reliable for the study of electrochemical behavior of
EP.

3.4. Effect of solution pH

In order to optimize the solution pH and to obtain the best anodic
peak resolution and high sensitivity, 0.1 M PBS containing 1 mM EP
was studied at poly(ser)/MWCNTs/GCE by employing CV technique.
As illustrated in Fig. 7, the experiment was performed in the pH range
from 5.0 to 8.0. As the pH of the solution was increased, the anodic
peak current density gradually increases from 5.0 to 7.0. When the pH
of the solution is above 7.0, the anodic peak current diminished. Howev-
er, the maximum peak resolution and sensitivity was observed at
pH 7.0. Hence, this pH was chosen as an optimal pH for the entire
work. Furthermore, the anodic peak potential shifted linearly towards
more negative side as the pH of the solution was increased from 5.0 to
8.0. This indicates the participation of protons in the electrochemical ox-
idation of EP at poly(ser)/MWCNTs/GCE. A plot of pH of the solution vs
anodic peak potential (Fig. 7 — inset) was constructed and was linearly
connected with a linear regression equation of

Epa Vð Þ ¼ 0:69154−0:0765 pH R ¼ 0:99288ð Þ:

The plot has linearity with a slope of 76 mV pH−1, this value was
nearly closer to the theoretical value (59 mV pH−1) of the Nernstian
equation for equal number of electrons and protons transfer reac-
tion [46]. This indicates the involvement of equal number of protons
and electrons in the oxidation of EP at poly(ser)/MWCNTs/GCE.

3.5. Effect of potential scan rate

The effect of potential scan rate on the peak currents was investigat-
ed in 1 mM EP at poly(ser)/MWCNTs/GCE. As illustrated in Fig. 8A, the
peak currents were increasing with the increase in the scan rate. The
plot of square of scan rate (ν1/2) vs redox peak currents was linearly as-
sociated with the correlation coefficients of R = 0.99842, 0.99958, re-
spectively, with a corresponding linear regression equations of

Ipa 10−5A
� �

¼ −0:53769−37:71943 V � s−1� �1=2

Ipc 10−5A
� �

¼ −0:62304þ 17:3842 V � s−1� �1=2
:

This indicates that the electrochemical reaction of EP at nanocom-
posite modified electrode was a diffusion controlled process.

To support the electrochemical reactionmechanism of EP, the varia-
tion of the peak potentials as a function of the scan rate was analyzed.
The formal potential (E0) of EP was deduced from the intercept of ν vs
Epa plot (Fig. 8B). From the plot (Epa–E0) vs ln Ipa (Fig. 8C), it was
possible to calculate the value of the energy transfer coefficient (α)
and was found to be as 0.384. The number of electrons involved during
the oxidation of EP step can be calculated by using the following Eq. (2)
[47].

m ¼ RT= 1−αð Þnf½ � ð2Þ

where‘α’ is the energy transfer coefficient and ‘n’ is the number of elec-
trons transferred during the reaction. R, F and T are the universal gas
constant, Faraday constant and absolute temperature, respectively.
The ‘α’ value and the slope obtained from the plot ln ν vs Epa (Fig. 8D)
was substituted in Eq. (2). From the calculations, the number of
electrons involved during oxidation of EP step was found to be as 1.77
(≈2). This result was experimentally evident that the electro-
oxidation of EP was a two electron process.

3.6. Effect of EP concentration

The effect of EP concentrationwas examined in 0.1MPBS (pH7.0) at
the surface of the developed nanocomposite sensor using DPV tech-
nique. Fig. 9 illustrates the increase in anodic peak current with the
increase in the concentration of EP. From the plot between the
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concentration of EP (10−7 M) and anodic peak current (10−7 M), a lin-
earity was observed with a corresponding linear regression equation of

Ipa 10−7A
� �

¼ −0:98686þ 0:09168 10−7A
� �

R ¼ 0:99949:

The limit of detection (LOD) and limit of quantification (LOQ) were
found to be as 6 × 10−7 M and 2 × 10−6 M, respectively. The LOD and
LOQ values were calculated by using the following equations [48,49]

LOD ¼ 3S=M

LOQ ¼ 10S=M

where ‘S’ is the standard deviation of peak currents and ‘M’ is the slope
of the working curve. The LOD and linearity range of EP at various
modified electrodes were compared with our present method and are
shown in Table 1.
3.7. Stability, repeatability and reproducibility of poly(ser)/MWCNTs/GCE

To investigate the stability of the poly(ser)/MWCNTs/GCE, the CV of
1 mM EP in PBS (pH 7.0) solution was recorded for every 3 min inter-
vals. A total of 20 parallel CV runs were recorded without any observ-
able decline in the composite response and was found that both
anodic and cathodic peaks remained comparatively stable after the
first cycle (Fig. 10). The relative standard deviation (RSD) of these
20 cycleswas 4.86%. The repeatedmeasurements specify that the devel-
oped nanocomposite sensor had a good reproducibility and does not
suffer from surface fouling during the experimental conditions. In addi-
tion, the reproducibility of the poly(ser)/MWCNTs/GCE was studied by



Fig. 7. Cyclic voltammograms obtained at poly(ser)/MWCNTs/GCE in 0.1 M PBS solution
containing 1 mM EP at different pH values. Inset — (A): A plot between EP oxidation
peak potential vs pH of PBS; inset — (B): A plot of EP oxidation peak current vs pH.

Fig. 9. Differential pulse voltammograms of EP with the different concentrations in PBS at
pH 7.0: (a) 1 × 10−6 M (b) 2 × 10−6 M (c) 3 × 10−6 M (d) 4 × 10−6 M (e) 6 × 10−6 M
(f) 7 × 10−6 M (g) 8 × 10−6 M (h) 9 × 10−6 M (i) 1 × 10−5 M (j) 1.2 × 10−5 M
(k) 1.4 × 10−5 M (l) 1.6 × 10−5 M (m) 1.8 × 10−5 M (n) 2 × 10−5 M (o) 2.5 × 10−5 M
(p) 3 × 10−5 M (q) 3.5 × 10−5 M (r) 4 × 10−5 M (s) 5 × 10−5 M (t) 6 × 10−5 M
(u) 7 × 10−5 M (v) 8 × 10−5 M (w) 1 × 10−4 M (x) 1.2 × 10−4 M (y) 1.4 × 10−4 M
(z) 1.6 × 10−4M (aa) 1.8× 10−4M (ab) 2 × 10−4M (ac) 2.2× 10−4M; inset— calibration
plot of EP concentration.
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constructing four nanocomposite modified electrodes of the same kind
and these were used to test in 1 mM of EP and found that there was no
much change in the results.

3.8. Simultaneous resolution of EP, 5-HT and FA

The simultaneous resolution of EP, 5-HT and FA at a conventional
GCE suffers from interference due to their closely related oxidation po-
tentials. However, the achievability of the simultaneous resolution of EP,
5-HT and FA at a nanocomposite sensor was made easier to vary be-
cause, they were well resolved with their oxidation potentials by
Fig. 8. (A). Cyclic voltammograms of EP at poly(ser)/MWCNTs/GCE in 0.1 M PBS solution of pH
peak currents vs the square root of scan rate; (B) relation between the scan rate (ν) and peak p
ference of Epa − E0; (D) experimental variation of peak current (ln ν) against a function of Epa
reducing their over potentials. The investigation was carried out by
varying the concentration of each individual and by keeping the concen-
tration of remaining two species constant.

The determination of EP in the presence of 10 μM 5-HT and 5 μM FA
was performed at poly(ser)/MWCNTs/GCE with the constant increase
in the concentration of EP from 29 μM to 69 μM(Fig. 11A). As illustrated
in the Fig. 11A, the shape of the anodic peaks was well resolved
7.0 at different scan rates (a to o, 0.01–0.15 V.s−1). Inset— calibration plots for the redox
otential (Epa); (C) experimental variation of peak current (ln Ipa) as a function of the dif-
.



Table 1
Comparison of the efficiency of somemodified electrodes used in the electro-oxidation of
EP.

Electrode Method pH LOD (M) Ref.

Rua/WGEb DPV 4.0 8.0 × 10−7 [50]
GNPsc/GCE SWV 7.0 5.0 × 10−6 [51]
GNd-SPEse CV 5.4 1.0 × 10−4 [52]
5-Amino-3′,4′-dimethylbiphenyl-2-ol/CPE CV – 6.2 × 10−7 [53]
Au–Cysf–SWCNTg–CoTAPch SWV 7.0 6 × 10−6 [54]
Poly(ser)/MWCNTs/GCE DPV 7.0 6 × 10−7 Present

work

a Rutin.
b Paraffin-impregnated graphite electrode.
c Gold nanoparticle.
d Graphene.
e Screen printed electrodes.
f Cysteamine.
g Single-walled carbon nanotubes.
h Cobalt(II)tetra-aminophthalocyanine.

Fig. 11. (A) Differential pulse voltammograms obtained for EP, in the presence of
1 × 10−5 M 5-HT and 5 × 10−6 M FA at poly(ser)/MWCNTs/GCE. Concentration of EP:
(a) 2.9 × 10−5 M (b) 3.9 × 10−5 M (c) 4.9 × 10−5 M (d) 5.9 × 10−5 M
(e) 6.9 × 10−5 M; inset— calibration plot of EP determination. (B) Differential pulse volt-
ammograms obtained for 5-HT, in the presence of 1 × 10−5 M EP and 1.2 × 10−5 M FA at
poly(ser)/MWCNTs/GCE. Concentration of 5-HT: (a) 5 × 10−6 M (b) 1 × 10−5 M
(c) 1.5 × 10−5 M (d) 2 × 10−5 M (e) 2.5 × 10−5 M (f) 3 × 10−5 M; inset — calibration
plot of 5-HT determination. (C) Differential pulse voltammograms obtained for FA, in
the presence of 5 × 10−6 M 5-HT and 1 × 10−5 M EP at poly(ser)/MWCNTs/GCE. Concen-
tration of FA: (a) 3 × 10−5 M (b) 3.5 × 10−5 M (c) 4 × 10−5 M (d) 4.5 × 10−5 M
(e) 5 × 10−5 M; inset — calibration plot of FA determination.
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corresponding to 5-HT and FA. From Fig. 11A (inset), it was observed
that the anodic peak response was linearly connected with the concen-
tration of EP with a linear regression equation of

Ipa 10−7A
� �

¼ −1:94232þ 0:42148 EP½ � μMð Þ R ¼ 0:99751:

Likewise, the determination of 5-HT was carried out in the presence
of 10 μMEP and 12 μMFA. The concentration of 5-HTwas increased lin-
early from 5 μM to 30 μM(Fig. 11B). From the plot between the concen-
tration of 5-HT and peak currents (Fig. 11B(inset)), a linear relationwas
observed with a linear regression equation of

Ipa 10−7A
� �

¼ 3:83067þ 1:21823 5‐HT½ � μMð Þ R ¼ 0:99512:

FA was also determined in the presence of 5 μM 5-HT and 10 μM EP.
The concentration of FAwas increased from5 μMto110 μM(Fig. 11C) in
the sameway as discussed above. From the plot between the concentra-
tion and peak currents (Fig. 11C (inset)), a linearitywas observedwith a
linear regression equation of

Ipa 10−7A
� �

¼ −5:0302þ 0:44836 FA½ � μMð Þ R ¼ 0:99831:

These results proved that the nanocomposite sensor was efficient in
simultaneous sensing of EP, 5-HT and FA.

3.9. Determination of EP in real samples

In order to validate the reliability of the present method, the anal-
ysis of EP in the injection sample (adrenaline specified content:
1.00mgmL−1) at poly(ser)/MWCNTs/GCEwas carried out. The specified
concentration of injection samplewas analyzed in 0.1MPBS (pH 7.0) and
blood serum using DPV technique with a standard addition of working
Fig. 10. Cyclic voltammograms for 20 parallel cycles of 1 mM EP in 0.1 M PBS solution of
pH 7.0 at a scan rate of 0.05 V·s−1; inset — a plot of 20 parallel cycles of CVs vs Ipa.
analyte. The results of the analysis were given in Table 2. The result
shows that the content values evaluated by the proposed method
were closer to the labeled content. Thus, the sensing performance of
poly(ser)/MWCNTs/GCE towards EP was reliable in the pharmaceutical
as well as blood serum samples.
Table 2
Determination of EP in real samples.

Real sample Added (μM) Found (μM) Recovery (%) Bias

Adrineline® injection 100 98.20 98.2 −1.8
Blood serum 100 97.95 97.95 −2.05
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4. Conclusions

Present paper demonstrates that the fabricated poly(ser)/MWCNTs/
GCE showed satisfactory sensitivity, selectivity and stability in sensing
the EP in 0.1 M PBS at pH 7.0. The present nanocomposite sensor
holds great promise for simultaneous determination of EP, 5-HT and
FA. The sensor was also effectively employed for the determination of
EP in the commercial injection and human blood serum samples. Due
to its high stability and repeatability of poly(ser)/MWCNTs/GCE, it has
high potential for the future developments of nanosensors in clinical
and pharmaceutical research.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.msec.2015.06.011.
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