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An efficient electrochemical sensor for selective detection of the neurotransmitter, epinephrine (Epn), has been
fabricated with the aid of a functionalized multiwall carbon nanotube-chitosan biopolymer nanocomposite
(Chit-fCNT) electrode. Multiwall carbon nanotubes (CNT) were successfully functionalized with the aid of nitric
acid and confirmed by the Raman spectral data. Functionalized carbon nanotubes (fCNT) were dispersed in chi-
tosan solution and the resulting bio-nanocomposite was used for the fabrication of sensor surface by drop and
cast method. Electrochemical characteristics of the fabricated sensor were understood using cyclic, differential
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Ep}ilnephrine pulse voltammetry (CV, DPV) and electrochemical impedance analysis for the detection of Epn in phosphate buff-
Carbon nanotubes er (pH 7.4). CV and impedance analysis revealed that the Chit-fCNT modified electrode enhances the electrodic
Chitosan reaction of Epn and facilitated the electron transfer more readily compared to that of bare electrode. Applying

Raman spectroscopy
Electrochemical biosensor
Artificial urine

DPV for the detection of Epn, achieved 30 nM as the lowest detection limit in the determination range of 0.05-
10 uM and the analytical time as low as 10 s. Selective determination of Epn against the coexistence of a number
of biological electroactive interferents and reproducible results for the determination of Epn were demonstrated.
The present biosensor has been found efficient for successful direct determination of Epn from pharmaceutical

adrenaline formulations and urine samples.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Epinephrine (Epn), the neurotransmitter, is present in human serum
at about nM levels. Epn was first isolated in 1901 and synthesized in
1904 [1]. Epn is crucial for the successful performance of cardiovascular
and central nervous systems. Several physiological phenomena are cor-
relative to Epn levels in biological fluids and its measurement is a key
factor in the medical diagnosis of diabetes, Parkinson's disease and cere-
bral malaises [2]. Epn is the most prescribed common emergency
healthcare medicine. Recent literature reports reveal that World Anti-
Doping Agency (WADA) has banned Epn usage during competitive
games [3].

A simple, highly selective and rapid detection of Epn in both physio-
logical fluids and pharmaceutical samples is highly necessitated. Quan-
titative analysis of Epn is essential in the development of physiological
investigations, pharmacological research and life science. Detection
and quantification of Epn has been reported by various methods such
as absorbance, fluorescence, capillary electrophoresis [4],
electrochemiluminescence [5], HPLC [6] and chromatography coupled

* Corresponding author.
E-mail address: hernkim@mju.ac.kr (H. Kim).

http://dx.doi.org/10.1016/j.msec.2017.05.012
0928-4931/© 2017 Elsevier B.V. All rights reserved.

with mass spectrometry [7-9]. However, these methods suffer from ei-
ther tedious procedure or low sensitivity. Therefore, a simple and con-
venient method needs to be developed for Epn detection.
Electrochemical techniques can be employed for the successful
quantification of Epn as it can undergo oxidation very easily. But, the
electrochemical detection of Epn at bare electrodes involves various
basic difficulties, mainly high overpotential and sluggish kinetics of
electrodic processes, which result in insignificant electrochemical re-
sponses. Another major problem is the coexistence of Epn with other
electroactive biological compounds such as ascorbic or uric acid which
would also undergo oxidation at unmodified electrodes at almost the
same potentials. So, it is necessary to overcome the electrodic reaction
of these interferents to achieve a selective determination of Epn [10].
Selective and rapid detection of Epn despite the coexistence of vari-
ous potential biological interferents is an important target of electroan-
alytical research. To overcome these drawbacks, extensive research
investigations were dedicated by scientists to develop new surface
modified electrodes which eliminate possible interventions from the
potential interferents [11]. Wide range of molecular recognition ele-
ments were reported in developing highly selective recognition matri-
ces for neurotransmitters. Biomolecules (antibodies, nucleic acids,
aptamers and dendrimers), self-assembled monolayers, mesoporous
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materials, sol-gel derivatives, molecular imprinted polymers and
conducting polymers have been investigated as recognition matrices
[12]. Nanoparticles of noble metals, other metals and non-metals [13-
16] can be used in the fabrication of inorganic recognition matrices. Fur-
ther, the combination of metal nanoparticles with other functional ma-
terials steers to the advanced hybrid nanomaterials which possess
unique and distinct characteristics. Hybrid core-shell nanostructures
[17], metal nanoparticle-hydrogel composites [ 18], nanoparticle-poly-
meric hybrid scaffolds [ 19-21], metal nanoparticle-biomolecule biocon-
jugates [22,23], anisotropic Janus particles [24] and carbon dots [25] can
offer advantages in the fabrication of recognition matrix.

Unique characteristic properties of carbon nanotubes (CNT) offer
wide range of applications in innumerable fields. High electrical con-
ductivity and long nanowire-like structure of CNT have attracted for
the fabrication of highly sensitive electrochemical sensors. CNT could
reduce electrode fouling and thus could promote improved reuse of
CNT based electrodes. But, the prime drawback of CNT is their low solu-
bility in majority of the solvents. Several strategies have been proposed
to enhance the CNT dispersion in polymer electrolytes, ionic liquids, bio-
polymer matrices and intercalation with polymers and composite ma-
trices [9,26].

Chitosan (Chit) is a B-linked polysaccharide with remarkable bio-
compatibility and biodegradability and is extracted from the natural
abundant chitin by partial deacetylation. Chit comprises unique charac-
teristic properties such as excellent film forming, adherence, stability
and numerous reactive amino and hydroxyl groups for functionalization
[27]. In this work, a stable and uniform CNT-Chit nanocomposite film
was achieved using Chit.

In the present study, we fabricated an electrochemical biosensor for
Epn employing Chit-fCNT nanocomposite for the modification of elec-
trode surface. Functionalization of CNT was confirmed using Raman
spectroscopy. Morphological characteristics of the nanocomposite film
were explored using scanning electron microscopic (SEM) analysis.
Electrocatalytic activity and selectivity of the Chit-fCNT nanocomposite
modified electrode towards the detection of Epn were investigated
with cyclic, differential pulse voltammetry (CV, DPV) and electrochem-
ical impedance spectroscopy (EIS) techniques. Feasibility for the direct
determination of Epn selectively from pharmaceutical adrenaline injec-
tions and artificial urine samples was established.

2. Experimental
2.1. Materials

Epinephrine, ascorbic acid, uric acid, serotonin and chitosan (low
molecular weight biopolymer of ~60 kDa from crab shells and ~85%
deacetylated) were bought from Sigma (USA). Multiwall carbon nano-
tubes of 20-50 nm diameter and 2-5 um length were received from
Sisco Research Laboratories Pvt. Ltd. (India). Chemicals used for the
preparation of buffers and artificial urine samples were analytical
grade with a minimum of 99% purity. Pharmaceutical samples of epi-
nephrine (Vasocon injection, 1 mg mL™ ' adrenaline bitartrate) were re-
ceived from the dispensary of our Institute. All the aqueous buffer and
electrolyte solutions were prepared with double-distilled deionized
water of high resistance (18 MQ) which passed through a 0.2 pm
Whatman filter. Phosphate buffer solution (PBS, 50 mM) was prepared
by adding appropriate quantities of K;HPO4 and KH,PO, as explained in
the Sigma-Aldrich product information, and the anticipated pH was ac-
quired by the addition of 0.1 M NaOH. Artificial urine samples of pH 7.4
were prepared as mentioned in the reported literature [28].

2.2. Functionalization of carbon nanotubes
Multiwall carbon nanotubes (CNT) were treated with nitric acid to

bring in functional carboxyl groups according to the procedure [29]
with minor modifications as follows. 120 mg of CNT were introduced

to 10 mL aq. 3 N nitric acid, then maintained at ~70 °C for 24 h under
constant stirring. Nitric acid oxidizes and introduces carboxyl groups
at the sidewall defects and edges of the nanotubes. After the treatment,
the black solid compound was centrifuged, separated, and then cleaned
with water several times so that the supernatant becomes neutral.
Functionalized CNT (fCNT) was dried at 80 °C for 12 h.

2.3. Electrode modification by fCNT hybrid nanocomposite

At first, fresh surface of glassy carbon electrodes (GCE, 3 mm diame-
ter) was obtained by polishing with alumina slurries of 3 pm and mov-
ing down to 0.05 pm, and the electrodes were then cleaned in 1:2 v/v
dil. HNO;, ethanol and water by ultrasonication for 3 min each. Chitosan
was dispersed in aq. 1% (v/v) acetic acid solution at 1% (w/v) concentra-
tion. Functionalized CNT was dispersed into the chitosan solution at
4 mg mL™! concentration by using ultrasonication for ~10 min. Freshly
polished GCE surface was modified using 8 pL of the dispersion of fCNT
by drop-cast method and the resultant electrode is denoted as GCE/
Chit-fCNT.

2.4. Analytical methods

Electrochemical measurements (CV, DPV) were performed in a two-
compartment cell using a CHI-619D analyzer (CH Instruments, USA) at
room temperature with bare or modified GCE as working electrode, a Pt
spiral wire as counter electrode and an Ag/AgCl (3 N KCl) electrode as
reference electrode. EIS response was investigated using Zahner-IM6e
workstation (Germany) in 10 mHz-100 KHz frequency range with
10 mV excitation amplitude and 64 as sine wave count. Electrolyte con-
tents were deaerated with nitrogen gas for 15 min prior to each electro-
chemical analysis and continuously maintained the flow of nitrogen
over the electrolyte surface.

SEM analysis was carried out using SEM-TESCAN, VEGA 3 LMU
model for analyzing morphology of Chit-fCNT nanocomposite. Sample
was prepared by the dispersion of 4 mg mL™! fCNTin 1% (w/v) Chit so-
lution. A small volume (~5 L) of the dispersion was casted on to the
carbon tape supported on SEM sample stub. The sample was sputtered
for 60 s with gold using a mini sputter coater (QUORUM Technologies,
SC7620). Raman vibrational spectra of MWCNT samples were recorded
with LabRAM (HR800 model, France) spectrometer; a He-Ne (633 nm)
laser of 20 mW power has been employed with 5 x objective and the
samples were dispersed in 4:1 (v/v) acetonitrile:methanol mixture.

3. Results and discussion
3.1. Raman spectra of CNT and fCNT

Pristine- and functionalized-CNT were characterized by Raman
spectroscopy. Both pristine CNT and fCNT exhibit four characteristic
peaks namely D, G, D’ and D* bands in their Raman spectral data
(Fig. 1). The characteristic peak at ~1330 cm™ ! is relevant to the defect
derived D band which represents the defect sites or disordered graphitic
structure of CNT. The peak at ~1580 cm™ ! is assigned as graphitic struc-
ture derived G band which represents the >C=C< bond nature in the
graphitic plane of CNT. Raman vibrational peak at ~1610 cm ™! repre-
sents D’ band which indicates the defective sites in the manufacture of
CNT. The vibrational peak at ~2660 cm~! (D*) is the overtone of D
band originated from a double-resonance process [30-32]. Relatively
smaller D band indicates high purity of CNT whereas larger D band is
likely due to the influence of terminal groups or defect sites. Quality of
CNT could be decided based on the ratio of these peak intensities, in
other words Ip/Ig values would be considered in determining the purity
of CNT. When compared the Ip/I¢ values of fCNT (1.4594) with that of
pristine CNT (1.1824), the increment in Ip/I; value of fCNT suggests
that the formation of some sp> carbons by oxidation in the case of
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Fig. 1. Raman vibrational spectra of pristine and functionalized CNT.

fCNT, which confirms the successful functionalization of CNT with -
COOH groups [26,33,34].

3.2. Surface morphology and active surface area of Chit-fCNT composite
electrodes

Determination of electroactive area of bare and Chit-fCNT nanocom-
posite modified electrodes was explained in detail in our previous re-
port [35]. Based on the Randles-Sevcik equation and CV experiments,
the electroactive area of bare GCE was observed as 0.071 cm?, whereas
0.262 cm? for GCE/Chit-fCNT. This result reveals the efficient dispersion
of nanostructured fCNT in the biopolymer matrix of Chit, which in-
creased the electroactive area when compared to bare GCE.

SEM analysis was carried out for understanding the morphological
features of Chit-fCNT matrix. SEM images of Chit-fCNT film casted on a car-
bon tape are shown in Fig. 2 at two different magnifications. The SEM im-
ages disclose individual, discrete and well-dispersed thread-like
structures of fCNT all throughout the surface (Fig. 2) with porous nature,
which would have increased the active area of GCE/Chit-fCNT. Dispersing
nature of Chit and the nanostructured fCNT both acted concomitantly in
enhancing the active surface area of GCE/Chit-fCNT [36].

3.3. Electrocatalytic oxidation of epinephrine

CV analysis of 0.1 mM epinephrine was carried out in 50 mM PBS
(pH = 7.4) with a potential scan rate of 100 mV s~ . Epn oxidized
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irreversibly in the defined potential window exhibiting an anodic peak
at +170 mV with GCE/Chit-fCNT and at +315 mV with bare GCE.
Both bare and modified electrodes did not show any characteristic
peak in blank PBS. Interestingly, the anodic peak of Epn was altered to-
wards less positive potential region by ~140 mV at GCE/Chit-fCNT, and
this reduction in overpotential is the added advantage observed with
the fabricated electrode besides the increase in peak current by ~2
times in the case of Chit-fCNT modified electrode compared to that of
bare GCE. The enhanced peak currents can be ascribed to the high sur-
face area, porous nature of the nanocomposite film and unique structur-
al morphology of fCNT. Nature of the electrochemical oxidation of Epn
was studied with different scan rates at GCE/Chit-fCNT in 0.1 mM Epn.
Cyclic voltammograms show gradual increment in the oxidation peak
current when the scan rate increased from 10 to 200 mV s~ . The plot
of anodic peak current against the square root of scan rate (v'/?) is
shown in Fig. 3(B). The plot was a straight line passing through the or-
igin, inferring that the electrodic reaction of Epn at GCE/Chit-fCNT as a
diffusion controlled phenomenon.

3.4. Electrochemical impedance analysis

EIS offers a better understanding of the interfacial characteristics of
any surface-modified electrode. EIS analysis is represented in both
Nyquist and Bode plot formats. In the Nyquist plot, semi-circle behavior
represents charge-transfer phenomena (oxidation or reduction or sim-
ple electron transfer) and the straight line with 45° slope suggests a dif-
fusion controlled phenomenon. Diameter of the semi-circle is called
charge-transfer resistance or impedance (Rcr). Higher the value of R,
lower is the conductivity of the specific electrode and vice versa [37-
39]. EIS analysis of unmodified GCE and GCE/Chit-fCNT were carried
out and the results were expressed in the form of Nyquist and Bode
plots (Fig. 4).

The Ry value for bare GCE is as high as 2340 Q, whereas for GCE/
Chit-fCNT electrode the R became almost negligible. The Nyquist plot
of GCE/Chit-fNCT displayed only the diffusion controlled phenomenon
without any charge transfer resistance. The response of phase angle as
well as impedance with varying frequency can be represented in the
form of Bode plot of EIS data. In both the cases of bare and modified
GCE, the phase angle maximum indicates the electrode nature as uni-
form all over the surface, whereas impedance response reveals that
the GCE/Chit-fCNT has very low impedance values compared to bare
GCE. It could be attributed to the high conductivity of fCNT and its fine
dispersion in the nanocomposite film. It is also observed that there is a
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Fig. 2. SEM images of Chit-fCNT nanocomposite film at two different magnifications.
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Fig. 3. (A) CV response of bare GCE and GCE/Chit-fCNT in the presence and absence of
0.1 mM epinephrine in 50 mM PBS (pH 7.4) at 100 mV s~'. (B) CVs of 0.1 mM
epinephrine at GCE/Chit-fCNT with various scan rates 10, 25, 50, 75, 100, 150 and
200mVs .

high diffusion of redox molecules towards the GCE/Chit-fCNT (Fig. 4(B)),
which indicates the high surface area of the Chit-fCNT composite film.
From the EIS data, we can conclude that the Chit-fCNT nanocomposite
film allows greater permeation of analyte molecules and efficient elec-
tron transfer process [40].

Results of all these SEM, CV and EIS investigations put together clear-
ly infer that the hybrid nanocomposite Chit-fCNT promoted electron-
transfer across the interface and thermodynamically reduced the
overpotential for Epn oxidation. The observed results could necessarily
be attributed to the porous surface morphology, the interconnecting
threadlike network of highly conducting carbon nanotubes and the bio-
compatible chitosan polymer matrix embedded them.

3.5. Voltammetric detection of epinephrine

The fabricated GCE/Chit-fCNT electrode was employed for
voltammetric detection of Epn by DPV analysis. Very good voltammetric
peak response of Epn was observed at 0.1 V with the optimized param-
eters of 20 mV s~ ! scan rate, 100 mV pulse amplitude, 0.2 s pulse period
and 10 mV increment. With the optimized parameters, differential
pulse voltammetric analysis was carried out with varying concentra-
tions of Epn in PBS buffer in the determination range of 0-10 uM
(Fig. 5(A)). Calibration plot has been drawn with the observed peak cur-
rent vs. Epn concentration (Fig. 5(B)).
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Fig. 4. EIS response in the form of (A) Nyquist and (B) Bode plots of bare GCE and GCE/Chit-
fCNTin an aq. 1 mM Kj[Fe(CN)g] + 0.1 M KCL. Inset: Randles equivalent circuit.

Low detection limit of the fabricated sensor has been evaluated from
the DPV results by using the formula “307/b”, where ‘0’ indicates the RSD
of the oxidation peak currents of Epn in three successive measurements
and ‘b’ represents slope of the calibration plot. A low-detection-limit of
30 nM was established with a linear determination range of 0.05-10 pM
Epn. The experimental results obtained using the present fabricated
sensor system have been compared with the other analytical methods
and electrochemical sensor systems reported in the literature
(Table 1). Determination of Epn by UPLC-MS/MS method combining
reductive ethylation labeling and protein precipitation technique exhib-
ited a very low-detection-limit of 0.1 x 10~° M [2]. A capillary electro-
phoresis determination employing CdTe quantum dots for enhancing
chemiluminescence exhibited a low-detection-limit of 9.0 x 107° M
[4]. DPV detection of epinephrine at an overoxidized polypyrrole film
comprised of Au nanoclusters demonstrated a low-detection-limit of
3.0 x 1078 M [41]. Electrochemical determination of epinephrine by
DPV analysis using poly(serine) modified CNT electrode demonstrated
a low-detection-limit of 6.0 x 10~7 M [42]. The low-detection-limit of
the present electochemical sensor employing a biocompatible chitosan
polymer based CNT electrode is 3.0 x 10~ M and is highly comparable
to the detection limits reported earlier employing different modified
electrodes. The analysis time for the detection of Epn is below 10 s, and
the electrochemical analysis could easily be tailored to on-site analysis
with miniature instruments and automated flow-injection analysis sys-
tem. Further investigations for direct analysis of Epn from physiological
samples could be carried out, as the levels of Epn in healthy human lies
in nanomolar level [7]. Thus, interference studies were carried out to as-
certain the selectivity of present sensor system towards the detection of
Epn. Further, the modified electrode was tested for the specific detection
of Epn from pharmaceutical injections and artificial urine samples.
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Fig. 5. (A) DPV responses of epinephrine recorded at different concentrations (0-10 uM)
in PBS at GCE/Chit-fCNT. (B) Calibration plot of peak current vs. epinephrine concentration.

3.6. Interference studies

The fabricated sensor was tested towards the voltammetric detec-
tion of Epn despite the coexistence of potential electroactive biomole-
cules, e.g. ascorbic acid (AA), uric acid (UA) and serotonin (Ser). DPV

analysis was carried out at both bare GCE and GCE/Chit-fCNT in a mix-
ture of 5 uM each of AA, UA and Ser with varying concentrations of
Epn (4, 6, 8 and 10 uM) and are shown in Fig. 6. The mixture of Epn,
AA, UA and Ser exhibited only a single broad peak with a very poor cur-
rent response at bare GCE, whereas four distinct characteristic peaks
were observed at the fabricated GCE/Chit-fCNT (Fig. 6A). The anodic cur-
rent response of Epn at the GCE/Chit-fCNT enhanced steadily with an in-
crease in Epn concentration despite the presence of a mixture of
interferents (Fig. 6B), and distinction of the peaks was maintained be-
tween these interferents and Epn. Experimental data revealed that the
nanocomposite electrode worked efficiently for the selective
voltammetric detection of Epn and can be applied successfully for real
time analysis of Epn in the coexistence of potential biological
interferents.

3.7. Repeatability and reproducibility

The fabricated sensor system has been examined for reproducibility
of the results in the DPV analysis of 10 uM Epn repetitively using a same
electrode. In complete span of a week, the fabricated electrode was test-
ed for ~25 times in DPV measurements of Epn, which exhibited results
with only a very low variation of ~4.5% in the voltammetric current re-
sponse. Further, the oxidation peak potential of individual electrodes
did not vary during the analyses for one month period, if it stored in
PBS when not in use. These experimental results reveal the stability
and repeatability of the modified electrode. Further, standard deviation
of the peak currents for 10 M Epn in multiple experiments with a num-
ber of electrodes fabricated independently (n = 6) was merely 2.5%,
which infers the excellent reproducibility of the demonstrated sensor
system. These experimental results revealed that the Chit-fCNT compo-
sition formed a reproducible and stable electroactive bio-nanocompos-
ite film on GCE surface.

3.8. Direct detection of epinephrine in artificial urine and pharmaceutical
injections

Voltammetric detection of Epn was carried out in artificial urine and
in pharmaceutical injections using GCE/Chit-fCNT by applying DPV
method. DPV response of Epn was analyzed to calculate the recovery
limits for the amount of Epn added into artificial urine samples. In the
absence of Epn i.e. in the artificial urine alone, the fabricated electrode
did not show any characteristic peak. But, the addition of Epn resulted

Table 1
Low-detection-limits and determination ranges for epinephrine by electrochemical, chemiluminescence and chromatographic methods.
Method Features description Real sample analysis Interferents Linear range (M) Limit of Ref
overcame detection (M)
UPLC-MS/MS Labeling with ethylation Plasma samples - 02x107°-14x1077  01x107° 2]
(0.05-25 ng mL™1) (0.025 ngmL™1)
Capillary electrophoresis CdTe quantum dot enhanced Human urine samples - 40%x1078-50x107° 9.0x107° [4]
chemiluminescence

Chemiluminescence Preconcentration with MIP Serum samples - 50x107°-1.0 x 10~7 30x107° [7]

Electrochemiluminescence Pharmaceutical samples - 40x1078-20x1077  24x1078 [5]

DPV Poly(serine) Pharmaceutical injections EP, Ser, FA 1.0x107%-22x10"*  6.0x 1077 [42]
and Serum

DPV Poly(p-xylenolsulfone-phthalein) Urine and pharmaceutical ~ AA, UA 20x1075-39x107%  01x10°° [43]
samples

DPV Polypyrrole/MWCNT composite Synthetic serum and AA, UA 01x1075-1.0x107%  40x1078 [44]
pharmaceutical samples

DPV NanoAu-TiO,/CNT-rGO Urine and pharmaceutical ~ AA, UA 1.0x107°-3.0x 1077 03 x10°° [45]
samples

DPV NanoAu on polypyrrole Urine and pharmaceutical ~ AA, UA 03x1075-21x107°> 3.0x1078 [41]
samples

DPV NanoNi(OH),/CNT Diluted urine samples Piroxicam, 1.0x107%-22%x10"* 29x1077 [46]

AA,UA
Amperometry Nanoparticles of Pd-Au - AA, Glucose 50x1075-26x107% 50x10°° [47]
DPV Chit-fCNT bio-nanocomposite Artificial urine and AA, UA, Ser 50x1078-1.0x107° 30x10°8 Present

pharmaceutical samples work
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a well-defined oxidation peak (Fig. 7(A)), indicating the efficiency and
selective response of the fabricated electrode for the direct detection
of Epn from urine samples even at very low concentrations (4 to 12
UM). The recovery limits for the addition of Epn at 4 to 12 uM concentra-
tions varied from 95.7% to 102.1%. Similarly, DPV analysis was carried
out for Epn determination directly from pharmaceutical injection sam-
ples. The peak current of Epn observed for the addition of adrenaline bi-
tartrate injections in different amounts was monitored (Fig. 7(B)). The
recovery limits for the addition of 4 to 12 uM Epn of the pharmaceutical
sample varied from 96.5% to 105.6% and the observed results have been
compiled in Table 2. All these observations clearly reveal that the pres-
ent fCNT-based nano-biocomposite can be applied effectively for the di-
rect detection of Epn from artificial urine and pharmaceutical
adrenaline injections.

4. Conclusions

An efficient and highly sensitive biosensor was fabricated for the se-
lective detection of Epn at physiological pH. With the fabricated GCE/
Chit-fCNT electrode, DPVs of Epn showed an oxidation peak at reduced
overpotentials. Low detection limit of Epn achieved as low as 30 nM
with the linear concentration range of 0.05-10 M. With the unique
binding characteristic of Chit biopolymer, a highly stable nanocompos-
ite film capable of multiple analyses over a long period of time was
achieved. The fabricated electrode was efficient for the detection of epi-
nephrine selectively despite the coexistence of various potential
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Fig. 7. DPVs of epinephrine of various concentrations (0, 4, 6, 8, 12 uM) at GCE/Chit-fCNT
(A) in artificial urine (pH = 7.4) and (B) in Adrenaline bitartrate injections (Vasocon) in
PBS.

biological interferents, and it exhibited very good recovery limits for di-
rect determination from urine and adrenaline injection samples. Good
reproducibility, reusability and high recovery limits combined with
the reliable and easy fabrication protocols of the present sensor system
make the CNT based electrodes coupled with the chitosan biopolymer
promising for further explorations of biosensors for pharmaceutical
compounds.
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