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Abstract: Epinephrine (EP, also called adrenaline) is a compound belonging to the catecholamine
neurotransmitter family. It can cause neurodegenerative diseases such as Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease and amyotrophic lateral sclerosis. This work describes an
amperometric sensor for the electroanalysis of EP, based on an inkjet-printed graphene electrode
(IPGE), modified by a thin film of a laponite (La) clay mineral. The ion exchange properties and
permeability of the prepared sensor (denoted La/IPGE) were evaluated using multi-sweep cyclic
voltammetry while its charge transfer resistance was determined by electrochemical impedance
spectroscopy. The results showed globally that La/IPGE exhibited more a sensitive response
towards the detection of EP, in comparison with the bare IPGE. The developed sensor was directly
applied for the determination of EP in aqueous solution using differential pulse voltammetry, and
under optimized conditions, the calibration curve was plotted in the concentration range of 0.8 to
60 uM. The anodic peak current of EP was directly proportional to its concentration, leading to a
detection limit of 0.29 uM. The sensor was successfully applied for the determination of EP in
pharmaceutical preparation and best recovery rates were also obtained. The interfering effect of
selected species was evaluated to highlight the selectivity of the elaborated sensor.

Keywords: Epinephrine; laponite; cyclic voltammetry; inkjet-printed graphene electrode

1. Introduction

Epinephrine (EP, also called adrenaline) is a molecule belonging to the catecholamine
neurotransmitters’ family naturally synthesized in human system from L-phenylalanine and L-
tyrosine. EP is generally founded in the central nervous system of mammals where it plays an
important physiological role for muscle and tissue control, and also serves as a chemical mediator for
transmitting nerve impulses to efferent organs [1-2]. Its clinical applications include the treatment of
hypertension, the treatment of serious allergic reactions, bronchial asthma, heartbeat stimulation and
emergency medical situations [3]. EP is counted among molecules generally inducing
neurodegenerative diseases such as Alzheimer, Parkinson and Huntington diseases, amyotrophic
lateral sclerosis and frontotemporal dementia that are problems causing significant impacts on
human health around the world [4]. These neurodegenerative diseases are caused by an imbalance
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of neurotransmitters in the brain and body due to the damage or destruction of the nerve cells that
control cognitive functions [5].

For the quantification of EP, several methods have been exploited that include
chemiluminescence [6], capillary electrophoresis [7], liquid chromatography [8] and fluorimetry [9].
Although these methods are reliable and operate quite well, they meanwhile meet some drawbacks,
mainly the requirement of long analysis times, the complexity of sample pretreatment or preparation,
expensive equipment and manipulation by skilled operators. Electroanalytical methods that
overcome most of these limitations are rapid, simple, easy to handle and low instrumentation and
maintenance costs [10-11]. To date, several sensor devices have been proposed for the electrochemical
determination of EP, as recently reviewed by Mattos et al. [12]. This demonstrates that the
quantification of EP in physiological media as well as in pharmaceutical preparations remains
attractive and of key importance in both analytical and biomedical sciences. Thus, there is a growing
interest in electroanalytical chemistry of providing low cost, sensitive and selective sensors for the
detection of EP. Some recent works in these lines include the detection of EP by using a glassy carbon
electrode modified either by gold nanoparticles and cysteic acid film [13] or by an ordered
mesoporous carbon/nickel oxide composite [14], and a screen-printed electrode modified with a
nanocomposite film consisting of electrochemically reduced graphene oxide and NiO nanoparticles
[15].

Several previous studies have demonstrated the usefulness of clay minerals as electrodes’
modifiers. Yet, they can be used to increase the local concentration of various solid electrodes due to
their ordered structure formed mainly by regular polyhedrals organized in a 3D stable network, to
their flexible structure and to the intercalation ability that make them convenient for the entrapment
of guest molecules [16]. Laponite (La) is a synthetic clay with a structure and composition close to
that of the natural clay mineral hectorite [17]. Its disk-like shape has a thickness of 0.92 nm, an
exchange capacity of 50-55 mmol/100 g and an average diameter of 25 nm with a surface area up of
370 m2.g1. It bears a permanent negative surface charge on every single face and a positive charge
distribution along the surface edges [18-19]. These properties make it an interesting electrode
material, notably when the envisaged clay-modified electrode is designed for the electroanalysis of
cationic species.

Taking into consideration the above mentioned La features, we interested in this work of
proposing a simple and selective amperometric sensor for the electroanalysis and detection of EP in
aqueous solution and in pharmaceutical formulation. This was achieved by depositing a thin film or
La on an inkjet-printed graphene electrode (IPGE). The charge properties and the conductivity of the
obtained La/IPGE were characterized by means of multisweep cyclic voltammetry (MCV) and
electrochemical impedance spectroscopy (EIS), respectively. Afterwards, important parameters likely
to influence the voltammetric response of EP were optimized using differential pulse voltammetry
(DPV). Finally, the selectivity of the proposed sensor was investigated followed by its exploitation
for the detection of EP in aqueous solution and in a real sample.

2. Results and Discussion

2.1. Electrochemical characterizations of simple and modified electrodes

The electrochemical characterization of modified inkjet-printed electrode was done by MCV in
neutral pH solution containing respectively two redox probes ([Fe(CN)s]*~ and [Ru(NHs)s]**)
generally considered for their ideal electrochemical behavior. The studied potential ranges were from
-0.2t0 0.6 V and -0.4 to 0.2 V, for [Fe(CN)s]>- and [Ru(NHs)s]*, respectively. For the 30 cyclic scans
realized with La/IPGE in 0.1 M KCl containing ([Fe(CN)s]*- (Figure 1a), a poor accumulation of the
probe traduced by flat voltammograms was observed, that was attributed to unfavorable electrostatic
repulsion between the probe and La sheets both bearing a negative charge. By replacing the
negatively charged redox probe by the cationic one ([Ru(NNHs)s]**), a progressive accumulation of the
analyte was noticed (Figure 1b), which led to the saturation of the electrode from the 10% cyclic scan.
This result is due to the electrostatic attraction between La clay sheets negatively charged and
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[Ru(NHs)s]?* ions. The electrochemical response of the same cationic probe was also investigated on
bare IPGE, and one can observe on Figure 1b that the presence of La film on the IPGE sensitively
increased the analyte signal as the current obtained upon saturation is more than 3-fold higher on
La/IPGE compared to the response on unmodified electrode. One can partially concluded that
La/IPGE could be favorably applied for the voltammetric analysis of cationic species.
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Figure 1. Multisweep cyclic voltammograms (30 scans) recorded on La/IPGE in 0.1 M KClI containing
(a) 1 mM [Fe(CN)s]> and (b) 1 mM [Ru(NHs)s]**. The red curve represents the signal of the same
probes on the bare IPGE. Potential scan rate: 30 mV/s.

2.2. EIS analysis of simple IPGE and La/IPGE

The charge transfer resistance (Re) of IPGE before and after it modification using the clay film
was evaluated by EIS, in the frequency range of 0.01 Hz to 10000 Hz using [Fe(CN)s]>** in 0.1 M KCL.
The corresponding Nyquist plots are shown on Figure 3. The unmodified IPGE presented the largest
semicircle with a charge transfer resistance of 2299.6 Q. Oppositely, the modified La/IPGE gave the
lowest semicircle in the region of low frequency with a charge transfer resistance of 1510.9 Q. These
observations are typical of electrochemical processes characterized by electron transfer. As obtained
in the previous section, the electron transfer is limited with bare IPGE, while favored on La/IPGE.
Again, the behavior observed with La/IPGE can be explained by the best conductivity of the clay

modified electrode, in accordance with the conclusion obtained in cyclic voltammetry.
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Figure 3. EIS recorded in 0.1 M KCl containing 1 mM [Fe(CN)s]*7+ (a) on bare IPGE (black data points)
and (b) on La/IPGE (red data points).

2.3. Electrochemical detection of EP on the IPGE modified electrode

2.3.1. Electrochemical behavior of EP by cyclic voltammetry

Preliminary investigations were undertaken by using cyclic voltammetry in 0.1 M of acetate
buffer solution (pH 3.75) to both study the electrochemical behavior of EP and evaluate the
contribution of the laponite clay used to modify IPGE. The electrochemical response of EP was shown
to be a quasi-reversible system on both simple IPGE and laponite clay-modified La/IPGE. Peaks were
obtained at +0.46 V with a current of 1.48 YA in anodic direction, and at +0.35 V with an intensity of
-6.11 pA in cathodic branch for unmodified IPGE (Figure 4a). Additionally, with laponite clay
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modified IPGE the signal occurs at +0.47 V with anodic peak current of 2.32 pA and at +0.31 V with
reduction current peak of -1.56 pA (Figure 4b).
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Figure 4. Cyclic voltammograms recorded in 0.1 M ABS (pH 3.75) containing 0.4 mM EP, (a) on bare
IPGE (red curve) and (b) on La/IPGE. Potential scan rate: 50mV/s.

Overall, it was noticed that the La/IPGE is more sensitive for EP compared to the bare IPGE. The
presence of the clay mineral on IPGE has favored the retention of EP due to favorable interaction
between the negatively charged clay platelets and the cationic form of EP.

2.3.2. Influence of detection medium

Three media were tested to evaluate their individual influence on the electrochemical response
of EP. Differential pulse voltammetry of 0.1 mM EP was recorded 0.1 M acetate buffer solution (ABS),
Britton Robinson buffer solution (BRBS) and phosphate buffer solution (PBS) respectively at pH 5 on
the laponite clay modified IPGE and the results are shown in Figure 5a. The peak currents values of
1.23 pA, 1.721 pA and 1.949 pA were respectively obtained in PBS, BRBS and ABS as seen in Figure
5b. The best current value was obtained in ABS and then, this solution was retained the further

experiments.
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Figure 5. (a) DPV curves recorded on La/IPGE in (1) 0.1 M PBS, (2) 0.1 M BRBS and (3) 0.1 M ABS (all
at pH 5) containing 10+ M EP, (b) Corresponding peak currents.

2.3.3 Influence of scan rate on the electrochemical response of EP on La/IPGE

The influence of the scan rate on the oxidation and reduction peaks of EP was studied using
cyclic voltammetry in ABS (pH 3.75) on La/IPGE and the obtained results are shown on Figure 6. It
was observed that, increasing the scan rate from 10 to 150 mV s induced an increase in both anodic
and cathodic peak currents of EP. Meanwhile, the anodic signal shifted towards more positive
potential values and cathodic peaks to more negative potential values (Figure 6a). By plotting both
anodic and cathodic peaks current as a function of the square root of the scan rate in the studied
range, a linear dependence was observed (Figure 6b), indicating a diffusion-controlled process.
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Figure 6. (a) CV curves recorded in 0.1 M ABS (pH 3.75) containing 0.1 mM EP on La/IPGE at different
scan rates: 10, 20, 30, 40, 50, 60, 100 and 150 mV.s", (b) Peak current of both anodic and cathodic vs
square root of scan rate and (c) loglpa vs logv

This fact was confirmed by also plotting the logarithmic of anodic peak current versus the
logarithmic of the scan rate (Figure 6¢): a linear dependence was again obtained between both
parameters, according to the following equation loglpa (nA) = -6.552 + 0.539 logv (V s7) (R? = 0.997).
The slope value of 0.53 closed to the standard theoretical value of 0.5 confirmed the pure diffusion-
controlled process [20].

2.3.4. Influence of pH on the electrochemical response of EP

The redox behavior of EP implies protons, and the influence of pH on its electrochemical
response was studied from 3 to 5 in 0.1 M ABS containing 10+ M EP by DPV. The results are shown
in Figure 7. It was observed that raising the pH of solution from 3 to 5 induced an increase in the peak
current with a maximum reached at pH 3.75, then the peak current decreased for pH values between
3.75 and 5 (Figure 7a). This behavior is due to the fact that, between pH 3 and 3.75, EP mainly exists
in its cationic form noticed according to the distribution diagram established by Corona ef al. [21].
Thus, the main affinity between the cationic form of EP and the negative charge on laponite sheets
was electrostatic attraction.
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Figure 7. (a) DPV curves recorded on La/IPGE for 10+ M EP in 0.1 M ABS at different pH values (3,
3.75,4, 4.5 and 5); (b) EP anodic peak current and peak potential vs pH.

From pH 4 to 5, the peak current gradually decreases due to the fact that EP existing in its
molecular form at these pH values is no more attracted by the clay film on IPGE. In addition, the peak
potential of EP shifted to more negative values and remained linearly on the pH values range studied
as shown in Figure 7b. The obtained anodic linear regression equation was Epa (V) =-0.054 pH + 0.574
and the correlation coefficient was R?= 0.986. The slope value of -0.054 mV/pH near the Nernstian
value of 0.059 suggested that an equal number of proton and electron is exchanged during
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electrochemical oxidation/oxidation of EP on La/IPGE sensor surface according to Scheme 1, as
previously observed by Hong et al. [22].
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Scheme 1. Electrochemical oxidation mechanism of EP oxidation on La/IPGE [22]

2.3.5. Influence of EP concentration and calibration curve

The influence of concentration of EP at La/IPGE in 0.1 M of ABS studied by DPV is shown on
Figure 8a: the peak current (Ip) increased with the increase of EP concentration in the range of 0.8 uM

to 10 uM. The corresponding calibration curve is shown on Figure 8b, which is described by the
following equation (1):

ip = 0.02871 [EP] +3.80835 x 10 (R2 = 0.9987) 1)

The detection limit given by the relation 3S»/m where S» represents the standard deviation
obtained from the blank and m the slope on the calibration plot [22] was 0.26 uM. This result showed
that La/IPGE can allow the detection of EP in the micromolar range in aqueous solution. The detection
limit obtained in this work was compared with another data based on modified electrodes as

gathered in Table 1.
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Figure 8. (a) DPV recorded at La/IPGE in 0.1 M ABS (pH 3.75) containing EP at varied concentrations:
(@) 0 pM, (b) 0.8 UM, (c) 2 uM, (d) 4 UM, (e) 6 uM, (f) 8 uM, (g) 10 uM, (h) 20 uM, (i) 40 pM and (j) 60
uM. (b) plot of ip vs [EP] (inset: calibration curve of EP in selected linear range).

Table 1. Compared performance of some sensors towards the detection of EP.?

Modified electrodes Concentration ].:)e’Fectlon Methods Ref.
range (UM) limit (uM)

GCE/Na[RuL2] 3-136 3.49 FIA [23]

ECS/Na[RuL2]/cellulose acetate 3-273 0.28 FIA [23]

Poly(EBT) modified GCE 2.5-50 0.3 DPV [24]

Iron(Ill) doped zeolite-modified CPE 0.9 - 216 0.44 DPV [25]

Caffeic acid modified GCE 2-300 0.60 CvV [26]
Laponite clay modified IPGE 0.8 - 60 0.26 DPV This work

3 FIA: Flow injection analysis, CPE: Carbon Paste Electrode, GCE: Glassy Carbon Electrode, Na[RuL:]: Ru(III)

Schiff Base Complex, IPGE: Inkjet Printed Graphene Electrode, DPV : Differential Pulse Voltammetry, EBT:
Eriochrome Black T, CV: Cyclic Voltammetry
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Globally, results obtained in this section indicated a good sensitivity of La/IPGE sensor towards
the detection of EP, and that this sensor could serve as low-cost analytical device. However, before
applying it for the quantification of EP in a real sample, the effect of potential compounds expected
to interfere on the signal of EP was evaluated.

2.4. Interference study

The selectivity of La/IPGE sensor on the oxidation peak current of EP was evaluated by
analyzing the effect of the presence in the same medium of EP, along with these compounds. They
included as organic compounds ascorbic acid, uric acid, D-(+)-glucose; and two metals ions (Zn?** and
Mg?) introduced in the supporting electrolyte at three different concentrations ratio as presented in
Figure 9. It was noticed that neither Zn? nor Mg?* ions influence on the peak current of EP for the
three investigated concentrations. However, ascorbic acid, uric acid and D-(+)-glucose significantly
interfere on EP signal. This observation is due to the preferential occupation of both ascorbic and uric
acid on the clay film on IPGE surface notably when the concentration of interfering species was
increased. These observations somewhat limit the selectivity of La/IPGE sensor and indicated that it
should be used in media not containing the studied organic compounds.

Bz % (1:1)

B= % (1:5)
Y % (1:10)

200

2

Recovery(%)

Figure 9. Influence of some potential interfering compounds on the DPV response of 0.1 mM EP with
La/IPGE.

2.5. Analytical application

The analytical application of the La/IPGE elaborated sensor was done by using it to analyze
adrenaline in commercial dose manufactured by Zhejg Tianfng pharmaceutical (China) purchased in
a local market (Dschang city, West region, Cameroon). The sample was firstly diluted 100 and 400
times using the 0.1 M ABS supporting electrolyte, with the final pH adjusted at 3.7. An appropriate
volume of the solution to be tested was added in the electrochemical cell containing the electrolyte
solution and the peak current was measured. Using the calibration graph, the concentration in the
solution was calculated. The data collected are shown in Table 2.

Table 2. Electrochemical quantification of EP in real sample

Sample  Dilution rate [EP] added (uM) [EP] founded (uM) Recovery (%)
1 100 54.58 51.45 94.26
2 400 18.19 20.34 111.18
Good recovery rates were obtained, revealing that the proposed sensor could serve for the
electrochemical determination of EP in real sample.

3. Conclusions

This work was devoted for the preparation of an electrochemical sensor based on an inkjet-
printed graphene electrode (IPGE), modified by a thin film of laponite (La) clay mineral. It was
characterized by multisweep cyclic voltammetry and electrochemical impedance spectroscopy, and


https://doi.org/10.20944/preprints202306.1119.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 June 2023 d0i:10.20944/preprints202306.1119.v1

then applied for the sensitive analysis of EP in aqueous solution. Under optimal analysis conditions,
the sensor gave a detection limit of 0.26 uM. The effect of some potential interfering species has shown
that both zinc nor magnesium ions influence on the peak current of EP but ascorbic acid, uric acid
and D-(+)-glucose significantly interfere on the electrochemical response of EP. Best recoveries were
also obtained with the sensor after applying it for the determination of EP in a pharmaceutical
preparation. The obtained results show that this sensor could serve as an alternative tool for the
determination of EP not only in aqueous solution, but also in pharmaceutical preparation with a good
sensitivity.

4. Experimental Section

4.1. Chemicals, reagents and materials

All chemicals were used without further purification. Epinephrine hydrochloride used as target
analyte was purchased from Across Organics. The stock solution of EP was prepared at 102 M by
dissolving 9 mg of epinephrine hydrochloride in 5 mL of PBS (pH 7), unless otherwise described.
Working solutions of EP were prepared by dilution. Various buffer solutions were prepared using
the following chemicals: Boric acid (>99%, Sigma-Aldrich), acetic acid (299.7%, Fluka) and phosphoric
acid (85%, Sigma-Aldrich) for Britton Robinson buffer solution; Na2HPO4.2H20 (98%, Fluka) and
KH2PO4 (99%, Normapur) for phosphate buffer solution and Sodium acetate (= 99.0%, Sigma-Aldrich)
and acetic acid (299.7%, Fluka) for acetate buffer solution. The pH of buffer solutions used was
adjusted by using decimolar solutions of HCl and NaOH (Merck). D-(+) glucose, ascorbic acid; uric
acid were obtained from Sigma-Aldrich; potassium hexacyanoferrate (IIl and II) and KCI (99%,
Prolabo), from Prolabo; Zn(NOs)s.6H20 (99%, BDH chemicals) Mg(NO3)3.6H20 (99%, Kermel).

Laponite clay with the chemical formula Nao75isMgs5Li03020(0H)s [27] used in this work was
purchased from the Source Clay Repository Clay Mineral Society, Purdue University, USA. It was
purified by collecting the fraction with particle size <2 um based on the Stokes law [28].

4.2. Preparation of Inkjet-printed graphene electrode

The inkjet-printed graphene electrode was made according to a previous published work by our
group [29]. Briefly, two platforms were used: the first for deposition of layers of the graphene
dispersion called the DMP-2850 inkjet printer followed by the X-Serie CeraPrinter from Ceradrop
used to simultaneously print and photopolymerize with an integrated UV LED. For defining the
electroactive surface area of any electrode, UV curable ink (EMD 6200 from Sun Chemical) and
insulator was used. The modification of IPGE was done by drop-coating using laponite clay. For
preparing the electrochemical sensor, 5 mg of laponite (< 2 um particle size) clay were introduced in
1 mL of distilled water and dispersed by ultrasonication for 20 min. A volume of 0.5 pL of clay
depending of it theoretically surface area (1 mm?) was taken using appropriate micropipette, deposited
on the active surface of IPGE and dried for 1 min at 110°C on a steam before its use for electrochemical
investigations.

4.3. Apparatus

The electrochemical measurements were realized by using a p-Autolab potentiostat (type III)
running with GPES software and with standard three-electrode cell. Voltammetric responses were
recorded in supporting electrolyte with an Ag/AgCl/3M KClI reference electrode, a steel rod counter
electrode and bare IPGE or La/IPGE working electrode. Cyclic voltammetry (CV) and differential
pulse voltammetry (DPV) of a known concentration of adrenaline were recorded in 0.1 M of
phosphate buffer solution (PBS), Britton Robinson buffer solution (BRBS) and acetate buffer solution
(ABS) at a known pH value in the potential range of 0 to 0.8 V. The pH values of solutions were
measured and monitored with an Inolab pH-meter at room temperature. Additionally, both
electrochemical impedance spectroscopy (EIS) and cyclic voltammetric techniques were used for
electrochemical characterization of unmodified and modified IPGE. For EIS measurements, 0.1 M
KClI containing 1 mM [Fe(CN)e]3>/* was used over the frequency range of 0.01 Hz to 10000 Hz. For
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MCV, 0.1 M KClI containing either 1 mM [Fe(CN)s]* or [Ru(NHs)s]** was used for the charge
investigation of La/IPGE.
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