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Abstract

A glassy carbon electrode was modified with nickel-ferrite magnetic nanoparticles and
decorated with multiwall carbon nanotubes (NiFe,O,—MWCNTs). Differential pulse
voltammetry was then used to investigate the electrochemical behavior of epinephrine at the
surface of the modified electrode. The properties of the nanocomposite were also
characterized using different techniques. The electrode showed an excellent synergic effect on
epinephrine oxidation. At the optimum pH level, the electrode’s response in 0.1 mol L™
phosphate solution was proportional to the concentration of epinephrine in the range of 0.9 —
800.0 umol L™ with a detection limit of 0.09 pmol L™'. The effects of different potentially
interfering substances on the epinephrine signal were also studied. Finally, the sensor was
evaluated with respect to its reproducibility and stability. It was found that the modified
electrode has a good sensitivity, selectivity, and reproducibility for the determination of

epinephrine in real samples.
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1. Introduction

Nanoparticles coming in different sizes, shapes, and compositions are nowadays
revolutionizing the field of bioanalytical measurement. Nickel ferrite (NiFe,O4) with an
inverse spinel structure shows ferrimagnetism that originates from the magnetic moment of
anti-parallel spins between Fe(III) ions at tetrahedral sites and Ni(II) ions at octahedral sites.'
Y.L. Liu et al.? reported a hydrogen sulfide sensor based on NiFe,O4 nanopowder doped with
noble metals. L. Yang et al.’ prepared NiFe,O, by inverse titrating chemical co-precipitation
and studied the electrical and gas-sensing characteristics of the material using several gases
such as hydrogen. L. Luo et al.* reported on a glucose biosensor based on NiFe,0,
nanoparticles and chitosan.

Carbon nanotubes (CNTs) have received increasing attention due to their unique
mechanical, chemical, and electrical properties such as high electrical conductivity and high
surface area to mass ratio.”” Numerous applications of CNTs—modified sensors have been
used in electrochemical sensors.'®'’ Decoration of CNTs films with spinel ferrite
nanoparticles with the chemical formula MFe,O4 (M = Mn, Co, Ni, Mg, or Zn)'**° improves
the electrochemical properties of the nanocomposite to create high performance
electrochemical sensors.>”

Epinephrine (known as adrenaline) is one of the most important catecholamine
neurotransmitters for the message transfer in the mammalian central nervous system, which is

released by the adrenal gland under conditions of low blood sugar levels or in reaction to
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psychological stresses.”' ™

It has important functions in the regulation of physiological
processes in living systems, treatment of myocardial infarction, bronchial asthma,
hypertension, and cardiac surgery.”* The quantitative determination of epinephrine is,
therefore, important not only in nerve physiologic functions but also as a diagnostic and
control clinical medicine.**

Several methods have been reported for the determination of epinephrine including
high performance liquid chromatography (HPLC),”?*® HPLC-mass spectrometry,’”’

30,31

ﬂuorimetry,28 HPLC-optical fiber biosensor,”’ capillary electrophoresis, flow

. ) ) ) .34 o 35,36
1nJec‘uon,32’33 HPLC with fluorimetric detection, chemiluminescence,”™

37,38 39-46

spectrophotometry and electrochemical methods.”” ™. Electrochemical techniques are
suitable for the detection of epinephrine due to their sensitivity, rapidity, accuracy, and low
cost. For these reasons, different modified electrodes have been introduced for the detection
of epinephrine that include gold electrode,* ionic liquid modified carbon nanotubes paste
electrode,” MnO,—Nafion modified glassy carbon electrode,** glassy carbon electrode
modified with carbon fiber ultra microelectrode®, and graphene/gold nanocomposite
modified-glassy carbon electrode.*

Nanoparticles based transition metals oxide** and/or spinel ferrite nanoparticles with a
chemical formula of MFe,O4 are good candidates® to develop electrochemical sensors for
detecting of important biological compounds. These electrochemical sensors are good
selectivity, tunable electron transport properties with fast analytical response. In the present
work, a new electrochemical sensor is introduced for the electrochemical detection of
epinephrine. The sensor is based on multiwall carbon nanotubes decorated with NiFe;O4

nanoparticles (NiFe;O,~MWCNTSs) at a surface of glassy carbon electrode (GCE).*"*
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Differential pulse voltammetry (DPV) is used as a suitable technique for the determination of
epinephrine. The results show that the nanocomposite has a synergic effect on the oxidation of
epinephrine. The sensor exhibits a good sensitivity, low detection limit, good stability and
free from interference of ascorbic acid and uric acid vs. the reported electrochemical methods
for epinephrine detection (Table 1). It has been successfully used for the determination of

epinephrine in pharmaceutical and urine samples with satisfactory results. “Here Table 1”

2. Experimental

2.1. Reagents

All chemicals used were of analytical grade and used as received without further
purification. All chemicals were purchased from Sigma (St. Louis, USA) otherwise stated.
Doubly distillate water was used for preparation of all the solutions.

Written informed consent was obtained from all participants prior to the collection of
samples.

Epinephrine was purchased from Aldrich (Milwaukee, USA) and was used without
further purification. MWCNTSs was purchase from Aldrich Chemicals (Milwaukee, USA)
with diameter of 70 — 110 nm and length of 5 — 9 um. NiFe,O4 nanoparticles (particle size,
20-40 nm) were synthesized in our laboratory. A colloidal suspension of NiFe,O4
nanoparticles was prepared by dispersing of NiFe,O4 nanoparticles in methanol in an
ultrasonic water bath for 20 min before use.

0.010 mol L™ epinephrine solution was prepared daily by dissolving 0.0183 g of
epinephrine in water containing 500 L. HCI1 (37% w/w) and the resulting solution was diluted

with water, then it kept in a refrigerator at 4 °C before use.
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Phosphate solutions (sodium hydrogen phosphate and disodium monohydrogen
phosphate plus sodium hydroxide, 0.1 mol L) with different pH values were used. All

solutions were prepared in double distillated water.

2.2. Apparatus

All electrochemical experiments were performed with a Metrohm instrument (Herisau,
Switzerland), Model 799 VA processor. A conventional three-electrode electrochemical
system was used, which consisted of a working electrode (NiFe,O,—~MWCNTs-modified
glassy carbon electrode, GCE), a platinum wire as a counter electrode and an Ag/AgCl/KClgy
as a reference electrode. The prepared electrodes were characterized by scanning electron
microscopic (SEM) (XLC Philips, Amsterdam, The Netherlands), transmission electron
microscopic (TEM) (CH 200 Philips, Amsterdam, The Netherlands), X-ray diffraction (XRD)
(Advanced D8 Brucker, Germany), atomic force microscopic (AFM) (Brucker Nano
Instrument, Germany) and FT-IR spectroscopy (Jasco, Japan). The solid sample spectrum

was obtained using KBr pellets.

2.3. Preparation of MWCNTs—modified GCE

First, MWCNTs were purified and activated in the HNO; solution to remove any residual
metal impurities and to increase the surface area of the carboxylic functional groups. 3.0 g of
MWCNTs with 25 mL 3.0 mol L™" HNO; was placed into a 50 mL flask and refluxed for 15
h. The MWCNTs were subsequently washed with distillated water and dried at room
temperature. The stable suspension of MWCNTSs was prepared by dispersing the MWCNTSs in

N,N-dimethylformamide (DMF) (0.10 mg MWCNTs per 5 mL) using the ultrasonic bath. On
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the other hand, an unmodified GCE was polished with alumina powder (0.05 pm) slurry for 3
min using a polishing cloth. It was then placed in an ethanol/water solution in an ultrasonic
bath for 3 min before it was rinsed with water. Finally, 25 pL of the MWCNTSs suspension
was dropped onto the surface of the GCE to prepare the MWCNTs—GCE which was then

dried at 30 °C. %

2.4. Synthesis of NiFe;O,—MWCNTSs nanocomposite

The citrate gel method was used for the chemical synthesis of NiFe;O,—MWCNTSs
nanocomposite. First, a mixture of 10 mL of 0.5 mol L Ni(NO3),.H,0 and 10 mL of 1.0 mol
Lt Fe(NO;);.9H,0 was mixed well. Then, 0.75 g of the activated MWCNTSs with 10 mL of
1.0 mol L™ citric acid was added to the above mixture and ultrasonicated at room temperature
for 10 min. The mixture was then stirred at 30 °C for 48 h in NH,OH solution (0.1 mol L*I,
pH 9.0) and the reaction mixture was dried in an oven at 100 °C for 24 h. The product was
calcinated at 620 °C at a temperature increment rate of 10 °C min™ and the mixture was stored
at 620 °C for 2 h in argon atmosphere to produce the NiFe,O,—~MWCNTs nanocomposite.
Finally, 1.0 mg of NiFe;O,—MWCNTs was dispersed in 1.0 mL of methanol accompanied by

ultrasonic agitation to obtain a well-dispersed suspension.*’

2.5. Preparation of NiFe;O4,—~MWCNTs modified—-GCE

Prior to each experiment, a GCE was polished to a mirror-like surface with alumina powder
(Al,03, 0.05 pm) in water using a polishing cloth. Then, the GCE was ultrasonicated in a
solution of water-ethanol (50% v/v) for 3 min after each polishing step and washed with

water. To prepare the NiFe;O,—~MWCNTs modified—GCE, a micropipette (10 — 100 uL) was
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used to drop 25 uL of the NiFe,O4—MWCNTs suspension onto the surface of the GCE and the

resulting product was dried in airflow at 30 °C.

2.6. Preparation of real samples
An injection solution (0.2 mg mL™") was prepared and 0.1 mL of the solution plus 10 mL of
0.1 mol L™ buffer (pH 6.0) solution were used for analysis.

Blood and urine samples were stored in a refrigerator (at 4 °C) immediately after
collection. Ten milliliter of each sample was centrifuged for 10 min at 3000 rpm. The
supernatant was filtered using a 0.45 um filter and diluted 1-time with the phosphate solution
(pH 6.0). The solution was transferred into the voltammetric cell to be analyzed without any
further pretreatment. The standard addition method was used for the determination of
epinephrine content.

A HPLC method™® was used to check the accuracy of the proposed method for real
sample analysis. Reversed-phase HPLC with fluorescence detector and C18-column after pre-
column derivatization using o-phthalaldehyde and 2-mercaptoethanol. Methanol and
deionized water (in 0.1% acetic acid, v/v) with a ratio of 60:40 with flow rate was 0.8 mL

min” was used as a mobile phase.

3. Results and discussion

3.1. Morphology and structure of NiFe;O4—MWOCNTSs
Fig. 1A displays a typical morphology of the modified nanocomposite GCE characterized by

SEM. Fig. 1B clearly shows the deposition of NiFe,O4 magnetic nanoparticles in MWCNTs



©CoO~NOUTA,WNPE

Analytical Methods

as characterized by TEM. Clearly, the MWCNTs formed a tubular-like structure and
NiFe,O,—MWCNTs developed into a porous structure.  “Here Fig. 1”

Fig. 2 shows an AFM topology of NiFe;O4—MWCNTs corresponding to 2D (Fig. 2a)
and 3D (Fig. 2b) images registered over an area of 1x1 um. In the 3D AFM image, particles
about 30 nm in size are clearly seen on the surface of NiFe,O,—~MWCNTSs nanocomposite.

“Here Fig. 2”

The XRD spectrum of NiFe,O,—-MWCNTs magnetic nanocomposite displays eleven
characteristic peaks at 20.°" The diffraction peaks at 20 of 26.27°, 43.42°, and 53.92° are the
typical Bragg peaks of primitive CNTs and can be indexed to (002), (101) and (004), to
reflect the presence of MWCNTs. This indicates that the magnetic nanoparticles are pure
NiFe,O4—MWCNTs with a spinal structure. The JCPDS card number of the spinel NiFe204 is
added as a supplementary material. The nanoparticles are in the range of 30 to 40 nm in size
as calculated by Scherer Equation (Fig. 3).  “Here Fig. 3”

The magnetic specification of the nanocomposite was evaluated in the fields of +10
kOe at room temperature. The values for the retentivity (Mg), coercivity (H¢), and saturation
magnetization (Mg) characterized by the VSM data were equal to 8.88 emu g, 195.0 Oe, and
30.27 emu g ', respectively.

FT-IR spectrum (in the range of 4000400 cm ') of the MWCNTs decorated with
NiFe,0, (Fig. 4) clearly displays adsorption bonds around 3436 cm ', which is attributed to
the stretching vibration in the hydroxyl functional groups (O—H) on the surface of MWCNTs
or the water adsorbed in the sample. The absorption bond at 1736 cm ™' corresponds to the
stretching vibration of the carbonyl group (C=0). The stretching vibration of the carboxylate

and ester groups (C=0) can be seen around 1622 cm ' and that of the (C=C) group is located
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at 1383 cm ™' while the absorption bond around 2920 cm ™' is attributed to the C—H stretching
vibration. The absorption bond around 1100 cm™ is assigned to the stretching vibration of the
(C—C—C) group. Moreover, the two absorption bonds around 582 cm™' and 439 cm™
correspond to the vibration of tetrahedral and octahedral complexes’ receptivity, which
indicate the formation of spinal ferrite structure.’’>* As can be observed in the FT-IR spectra,
the normal mode of vibration of the tetrahedral cluster (582 cm™) is higher than that of the
octahedral one (439 cm™"); this can be due to the shorter bond length of the tetrahedral cluster
than that of the octahedral one.
“Here Fig. 4”

3.2. Electrochemical behavior of epinephrine at electrode surfaces

The electrochemical properties of epinephrine were characterized at an unmodified-GCE and
a NiFe;O,—-MWCNTs—GCE by DPV in a phosphate solution (pH 4.0). The initial and final
potentials were adjusted at 0.00 to +0.60 V, respectively, vs. Ag/AgCl. Fig. 5 shows the DPVs
of 80.0 pmol L™ epinephrine at the surface of NiFe,0,—MWCNTs—GCE (curve f), at
MWCNTs—GCE (curve e), and at an unmodified-GCE (curve d). These voltammograms
confirm that epinephrine exhibited a poor electrochemical response at the unmodified-GCE,
whereas the epinephrine peak current increased sharply at the surface of the NiFe,Os—
MWCNTs—GCE. The DP voltammograms of the blank solution (in the absence of
epinephrine) at the unmodified-GCE, the MWCNTs—GCE, and the NiFe;O,—MWCNTs-GCE
are shown in curves (a), (b), and (c), respectively, in Fig. 5. These results confirm that the
increase in peak current is attributed to the synergic effect of NiFe;O,—MWCNTSs

nanocomposite on the oxidation of epinephrine.
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The microscopic areas of the NiFe;04—MWCNTs—GCE, the MWCNTs—GCE, and the
unmodified-GCE were calculated based on the slope of the I vs. v plot for a known
concentration of K3;Fe(CN)g using the Randles—Sevcik Equation at a temperature of 25 °C:

I, = (2.69x10°)An’”Dg*Cyv'"? (1)
where, I, refers to the peak current, A refers to the effective surface area of the electrode, n
refers to the electron transfer number, Dy refers to the diffusion coefficient, C refers to the
concentration of K3;Fe(CN)g, and v is the scan rate. In this case, 1.0 mmol L K;3Fe(CN)g was
used in the presence of 0.1 mol L™ KCl electrolyte with n = 1 and Dg = 7.6 x 10 cm? 5.
Based on the results obtained, the active surface arcas of the unmodified-GCE, the
MWCNTs—GCE, and the NiFe,O,—MWCNTs—GCE were equal to 0.0391, 0.1523, and
0.2326 cm?, respectively. Using the same results, it is clear that the surface area of the
MWCNTs—GCE and NiFe;0,—-MWCNTs—GCE, respectively, are about 3.9 and 6.0 times
greater than that of the unmodified-GCE. Using the nanocomposite on the surface of GCE
increases the active surface area of the electrode, which in turn enhances the synergic effect of

the nanocomposite on the oxidation of epinephrine. “Here Fig. 5”

3.3. Optimization of the variables on the sensor response

The relationship between the peak potential of epinephrine and the buffer solution pH at the
NiFe,0,—MWCNTs—GCE was explored. To investigate the influence of pH on the oxidation
peak potential and the peak current, samples of epinephrine each 20.0 pmol L™ in volume and
with different pH levels ranging from 3.0 to 9.0 (using phosphate solutions, 0.1 mol L™") were
selected. The results (Fig. 6A) showed that the anodic peak current of epinephrine increased

with increasing solution pH reaching its maximum value at pH 6.0 before it declined.

10
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Therefore, pH 6.0 was chosen as the optimum pH level for the determination of epinephrine.
Fig. 6B shows the oxidation peak potential of epinephrine at the surface of the NiFe,O4—
MWCNTs—GCE for different pH levels. Clearly, the peak potential of epinephrine at the
surface of the NiFe,O,—MWCNTs—GCE shifted to less positive values with increasing
solution pH. Variation of the peak potential with pH was linear with a slope of 64 mV pH '
and a correlation coefficient of 0.9932, which is close to that given by the Nernstian equation for
equal number of electrons and protons transfer processes.54 This behavior confirms that the
numbers of electrons and protons in the oxidation reaction of epinephrine are the same**"*
and are equal to two (Scheme 1). “Here Fig. 6 and Scheme 1”

The DP voltammograms of 50 umol L™ epinephrine at different scanning rates (pH
6.0) were investigated at the surface of NiFe;O,—MWCNTs—GCE. The results showed that
the peak current of epinephrine increased gradually when scan rate increased from 10 to 70
mV s (results not shown). This indicates a good linear relationship between peak currents
and scan rates with a regression equation of I,(nA) = 2.47 + 13.7v(mV s, r = 0.9928.
Further, it confirms that the oxidation of epinephrine at the surface of the modified electrode
is controlled by the adsorption process.

The effect of accumulation potential on the oxidation peak current of epinephrine at
the NiFe;04,~-MWCNTs—GCE was studied in the range of 0.00 to 0.30 V using 10.0 pmol L™
epinephrine at pH 6.0 over an accumulation time of 30s. The results indicate that the
oxidation peak current increased with increasing accumulation potential from 0.00 to +0.05,
whereas any greater accumulation potential led to a decreasing oxidation peak current. An
optimal accumulation potential of 0.05 V was, therefore, selected for further experiments.

Moreover, the influence of accumulation time on the oxidation peak current of epinephrine

11
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was evaluated for an accumulation potential of +0.05 V and in the presence of 10.0 umol L™
epinephrine (pH 6.0). The results show that oxidation peak currents increased as a result of
increasing accumulation time from 0 to 70 s before they leveled off. Therefore, 70 s was
selected as the suitable accumulation time.

DPV parameters such as pulse amplitude and pulse time were optimized using the
peak current of the oxidation of 10.0 umol L' epinephrine in 0.1 mol L™ phosphate solution
(pH 6.0) at the NiFe,O,—MWCNTs—GCE. The optimization process led to the selection of a

pulse amplitude of 80 mV and a pulse time of 50 ms.

3.4. Calibration plot, reproducibility, and stability
Fig. 7 shows the DP voltammograms of the modified electrode for different concentrations of
epinephrine. The results indicate that the peak currents of epinephrine are proportional to its
concentration in the two linear segments but with different slopes. The linear regression
equation for the range of 0.9-40.0 pmol L™ of epinephrine was I,(nA) = 0.0395C, + 0.060
(> = 0.9961), and it was I,(nA) = 0.0194C,, + 0.4770 (r* = 0.9972) for the range 40.0-800.0
umol L™ of epinephrine. The number of repeats in the calibration plots was 3. In these
equations, Cg, is pmol L' concentration of epinephrine and I, 1s the peak current. The
detection limit defined as (S/m) (where S is the standard deviation of the y—intercept and m is
the slope of the regression lines) was found to be 0.09 pmol L™ epinephrine. “Here Fig. 7”
The reproducibility and stability of the NiFe;O,—MWCNTs—GCE were determined for
six successive assays of 10.0 pmol L™ epinephrine at the NiFe;0,—MWCNTs—GCE sensor.
The relative standard deviation (RSD%) was calculated based on the experimental results

equal to 1.3%. When using five different electrodes, the RSD% for five measurements was

12
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1.5%. When the electrode was stored in the laboratory, the modified electrode retained 98%
of its initial response after a week and 96% after 45 days. These results indicate that the
NiFe,O0,—MWCNTs—GCE sensor is both stable and reproducible. Table 1 shows both the
advantages and the disadvantages of the proposed electrochemical sensor over the
electrochemical methods reported for the detection of epinephrine. As can be seen from the
Table, the proposed method has a comparable or better performance with respect to the

parameters involved in epinephrine determination. ~ "Here Table 1"

3.5. Interference study

In order to evaluate the selectivity of the proposed electrochemical sensor for the
determination of epinephrine, the influence of various foreign species on the determination of
10.0 pmol L™ epinephrine were evaluated under optimum conditions. The tolerance limit was
taken as the maximum concentration of the foreign materials causing approximately +5%
relative error in the determination of epinephrine. The results provided in Table 2 show that
different cations, anions, amino acids, and organic substances failed to affect the selectivity of
the sensor. However, dopamine was found to interfere at more than 50-fold. Fig. 8 shows the
sensor responses to 10.0 pmol L™ epinephrine in the presence of 300 umol L™ ascorbic acid,

100 pmol L™ uric acid, and 50 umol L' dopamine. “Here Fig. 8 & Table. 2”

4. Real sample analysis

In order to evaluate the applicability of the proposed electrochemical sensor for the
determination of epinephrine by DPV in real samples, the ability of the electrochemical

sensor for the determination of epinephrine was examined in samples of injection solution,

13
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blood plasma, and urine using the standard addition method. The results of the analyses are
summarized in Table 3. The accuracy of the proposed electrochemical sensor in real samples
was also investigated using the HPLC method™®. The results obtained indicate that the
proposed electrochemical sensor has a good precision, accuracy, and recovery.

“Here Table 3”
5. Conclusion

In this article, a new electrochemical sensor based on NiFe,O,—~MWCNTs nanocomposite was
introduced for the sensitive determination of epinephrine. An adsorption process was found to
occur during the redox process of epinephrine at the surface of the modified electrode. The
electrochemical responses of epinephrine showed that the nanocomposite has a higher surface
area and exhibits a strong synergic effect on the oxidation of epinephrine. Moreover, the
sensor was found to have a satisfactory sensitivity and a long linear dynamic range with an
experimental detection limit of as low as 0.09 pmol L. According to the reported
electrochemical methods for epinephrine detection, the proposed sensor has a good
sensitivity, lower detection limit, good stability and free from interference of ascorbic acid
and uric acid. The proposed method can, therefore, be recommended for use as a novel
electrochemical sensor for epinephrine analysis in pharmaceutical and body fluids with a

satisfactory accuracy.
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Table 1 Comparison of the proposed electrochemical sensor with the reported voltammetry methods for the determination of
epinephrine.

Limit of detection Linear range RSD% Interfering

_ Reference
(umol L) (umol L™ compounds

Technique Type of electrode

©CoO~NOUTA,WNPE

11 Cyclic Lysine, cystine,
12 Modified-GCE 0.3 2.0 -600.0 2.13 S 39
13 voltammetry glycin, citric acid

15 DPV MnO,/Nafion/GCE 0.05 0.3-100 0.86 dopamine 44

18 Cyclic
19 GR/Au/GCE 0.07 0.5-8.0 --- Not study 46
20 voltammetry

Cyclic
23 Y Au 0.39 0.5 — 800.0 1.6 7, AP 55
24 voltammetry

27 Cyclic .
28 Modified-GCE 0.2 2.0-80.0 2 Not study 56
29 voltammetry

31 DPV Paraffin/MWCNT/CoPc 0.016 1.3-5.5 Not study 57
34 DPV MWCNT/CFE 0.900 up to 100 8.3 Not study 58

37 NiFe,O4—MWCNTs— '
38 DPV 0.09 0.1 -1000.0 0.9 - This work
39 GCE

44 19



©CoO~NOUTA,WNPE

Analytical Methods

Table 2 Interference study under the optimum conditions.

Species Tolerance limit
(Wsubstance/ Wanalyte)
Glucose, Sucrose, Fructose, Lactose, Na',
1000*
K, Ca*", Mg*", CI', F, Br , NO;3~
Salicylic acid, citric acid 600
Valine, Histidine, Glycin, Leusine 400
Ascorbic acid, Urea 300
Methionine, Uric acid 100
Dopamine 50
Starch Saturation

*maximum concentration of tested spices.

20

Page 20 of 23



Page 21 of 23 Analytical Methods

Table 3 Determination of epinephrine in real sample at pH 6.0 (n = 3).

Epinephrine

Epinephrine added
pinephrine adde found

Sample Recovery (%) HPLC (pmol L™)

©CoO~NOUTA,WNPE

-1
(wmol L) (umol L™

12 Injection 65.0 64.0 +0.2 98.5 63.1+0.1
solution

16 Plasma 50.0 48.7+0.1 97.4 50.8+0.1

Plasma 9.0 8.8+0.2 97.6 8.9+0.8

Urine 50.0 51.5+0.5 103.0 51.1+0.2

26 Urine 9.0 89+0.1 98.4 9.1+0.1

29 + shows the standard deviation (n = 3).

60 21
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Legends for the figures

Fig. 1. A): SEM image of NiFe;0,—~MWCNTs nanocomposite; B): TEM image of the

MWCNTs decorated with NiFe,Oj.

Fig. 2. a): 2D and b): 3D AFM topology of the surface of NiFe;O,—~MWCNTs

nanocomposite.
Fig. 3. X-ray diffraction patterns of the magnetic nanocomposite.
Fig. 4. FT-IR spectra of NiFe,O,—MWCNTs nanocomposite.

Fig. 5. Voltammetric response of the electrolyte: a) at the bare GCE; b) at MWCNTs modified
GCE; and c) at NiFe;0,—~MWCNTs modified GCE. Voltammetric response of 80.0 pumol L
epinephrine at d): a bare GCE; e) the MWCNTs modified GCE; and f) at the NiFe,O4—
MWCNT modified GCE. Conditions: phosphate solution, 0.1 mol L', pH 4.0; and scan rate

of 50 mV s ..

Fig. 6. A) Relationship between the solution pH and the peak current; B) Influence of the

solution pH on the peak potential of epinephrine (20.0 pmol L™).

Fig. 7. Calibration curves for epinephrine at pH 6.0 under the optimum conditions for 0.9 to
800.0 pmol L™ (n = 3). Inset: Voltammograms of various concentrations of epinephrine as

(1-14 corresponding to 0.9 — 800.0 umol L' epinephrine).

Fig. 8. DPVs of a): 10.0 pmol L™ epinephrine; b): 10.0 pmol L™ epinephrine in the presence
of 300.0 pmol L™ ascorbic acid; ¢): 10.0 pmol L' epinephrine in the presence of 100.0 pmol

L' uric acid; and d): 10.0 pmol L™ epinephrine in the presence of 50.0 pmol L™ dopamine.
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Scheme 1. A proposed mechanism for the oxidation of epinephrine at the surface of the

modified electrode.
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