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Abstract

Background and purpose: Epinine (EPN) is a catecholamine with a pharmacological profile similar to that of
epinephrine. Excessive use of EPN can have harmful effects in humans and must be used cautiously.
Experimental approach: A unique glassy carbon electrode was created using MoS: nanosheets and
hematoxylin (HX/MoS2 Ns/GCE). This article describes the electrochemical analysis of the HX/MoS2 Ns/GCE in
the oxidation of EPN. Key results: The oxidation of EPN occurs about 310 mV less positive. Using differential
pulse voltammetry, the detection limit for EPN was determined to be 0.4 uM. Conclusion: The modified
electrode was employed to measure the EPN in urine and tap water samples.

©2026 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative Commons
Attribution license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Glassy carbon electrodes (GCE) are often used for electroanalytical applications because they are
mechanically robust, operate over a broad potential range, exhibit low background current, and resist
chemicals well. Still, when people use bare GCEs, they often encounter poor sensitivity, weak selectivity, and
surface fouling [1]. This usually comes from slow electron-transfer kinetics and weak adsorption of the
analytes onto the electrode surface. To address this, researchers have modified bare electrodes with suitable
redox-active to shape and improve electrochemical sensors. In real lab work, surface modification is also used
to reduce overvoltage and address sluggish kinetics in many electrode reactions [2,3].

One flavonoid compound, hematoxylin (HX), is derived from catechol [4]. The electrochemical charac-
teristics of HX-modified electrodes and their use as biosensors to identify ascorbic acid, NADH, uric acid, and
adrenaline have recently guided certain researchers [5]. These findings demonstrate that HX is an effective
redox mediator for the electrocatalysis of significant biological molecules [6].

doi: https://doi.org/10.5599/admet.3426 1



https://doi.org/10.5599/admet.3426
https://doi.org/10.5599/admet.3608
http://www.pub.iapchem.org/ojs/index.php/admet
mailto:almosawy2014@gmail.com
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0000-0397-1484
https://orcid.org/0009-0009-9136-6959
https://orcid.org/0000-0002-9637-3359
https://orcid.org/0000-0002-3785-7396
https://orcid.org/0009-0008-9431-3994

R. Abdulmutalib et al. ADMET & DMPK 14 (2026) 3608

In recent years, two-dimensional ultra-thin materials have gained growing interest due to their outstanding
properties and, more significantly, their technological potential, ranging from environment-related applications
such as energy storage to biomedical and biological directions, such as drug carriers, catalysts, semiconductors,
sensors, and personal care products [7]. Two-dimensional transition metal dichalcogenides (2D-TDMs),
especially 2D-MoS; nanosheets, have become increasingly important as they are one of the most utilized two-
dimensional materials, owing to the existence of a large band gap that changes from indirect to direct upon
moving towards single layers, along with their remarkable catalytic and electrocatalytic activity [8]. In electro-
chemistry, electrochemical sensing of electroactive biomolecules is essential for biomedical applications, and
its deployment is expanding rapidly [9]. As with graphene [10], the feasibility of using two-dimensional MoS; as
an efficient material for electroactive biomolecule sensing [11] has already been proven.

Deoxyepinephrine, or epinine (EPN), commonly referred to as N-methyldopamine, is a catecholamine and an
endobiotic compound widely present in plants, animals, and insects, with a pharmacological profile similar to that
of epinephrine. It can be prepared by enzymatic hydrolysis of the cardiovascular drug ibopamine, which is used to
treat congestive heart failure [12]. Although Barger and Dale observed a pressor response to EPN in vivo, which
indicates it is either a pressor itself or close to a pressor, the excessive use of EPN has potential ill effects on human
beings due to its manifold virtues and, as a result, must be applied cautiously [13-16].

The manufacture and applicability of MoS; nanosheets and hematoxylin-modified GCE (HX/MoS, Ns/GCE)
as well as the measurement of EPN, are now being reported for the first time. The improved electrode's
analytical performance in measuring HX/MoS; Ns/GCE is next tested on actual samples.

Experimental

Apparatus and chemicals

PGSTAT 12 N (the Netherlands) was used to conduct the electrochemical measurements. The reference,
auxiliary, and working electrodes were an Ag/AgCl/KCl electrode, a platinum wire, and the HX/MoS; Ns/GCE.
Merck (Germany) provided EPN, HX and all other analytical-grade reagents. Phosphoric acid and its salts were
used to make the buffer solutions (pH 2.0 to 9.0).

Synthesis of MoS; nanosheets

Initially, 35 mL of DI water was mixed with 0.4110 g of thiourea (5.40 mmol) and stirred for 10 min at
room temperature to dissolve it completely. Next, while stirring, 0.2224 g of (NH4)sM0704:4H,0 (0.18 mmol)
was added. The solution was stirred magnetically for one hour. The combined mixture was then placed in an
autoclave and heated to 200 °C for 15 h. The precipitates formed at the bottom of the autoclave were then
collected, repeatedly washed with ethanol, and dried for 15 hours at 67 °C.

Preparation of modified glassy carbon electrodes

The GCE surface was drop-cast with 4 pL of MoS; Ns (1 mg/ 1 mL). Finally, HX/MoS; Ns/GCE was fabricated
by immersing the MoS, Ns-modified GCE in phosphate buffer solution (PBS) containing 0.1 M HX. Then, the
obtained HX/MoS, Ns/GCE was further adjusted by scanning between -0.4 and 0.5 V at 100 mV s*. For
fabricating the HX-modified GCE (HX/GCE), GCE was immersed in PBS containing 0.1 M HX and modified in
exactly the same manner described for HX/GCE.

Real samples preparation

Fresh urine was centrifuged immediately after sampling at 1500 rpm for 10 min and varying aliquots were
prepared by dilution with PBS. Different amounts of EPN were spiked into this diluted urine sample solution.
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Simultaneously, a tap water sample was obtained, filtered through a membrane filter, and added to PBS.
Finally, the proposed method was used to determine EPN contents in the water samples.

Results and discussion

Electrochemical properties of MoS; nanosheets and hematoxylin-modified glassy carbon electrode

Cyclic voltammetry (CV) was performed to synthesize HX/MoS, Ns/GCE and test the electrochemical
behaviour of HX/MoS; Ns/GCE in PBS. The results showed anodic and cathodic peak potentials (Epa = 190 mV
and Ep, = 150mV).

Electrocatalytic oxidation of epinine at MoS; nanosheets and hematoxylin-modified glassy carbon electrode

CV curves of 30.0 uM EPN with different electrode materials are depicted in Figure 1.

I/ uA
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Figure 1. CVs of HX/MoS, Ns/GCE in PBS at a scan rate of 10 mV s, in the absence (a) and presence of 30.0 uM EPN
(b). (c) like (a) and (d) like (b) for an HX/GCE. (e-g) like (b) for the activated MoS, Ns-modified electrode, and then bare
GCE, and finally (h) like (a) for bare GCE

The oxidation potential at HX/MoS, Ns/GCE and HX/GCE is located around 190 mV. For activated GCE
(curve e), it is around 290 mV; for MoS, Ns-modified GCE (curve f), it is around 445 mV; and for bare GCE
(curve g), it is around 500 mV.

A distinct anodic peak can be found for MoS, Ns-modified GCE and activated GCE, but the oxidation
potentials are higher than the peak potentials obtained at HX/MoS, Ns/GCE and HX/GCE. Hence, the
HX/MoS; Ns/GCE exhibits better electrocatalytic performance. In PBS, the HX/MoS, Ns/GCE shows a stable
and reversible redox behaviour (curve a). When 30.0 uM EPN was added to the solution, an increase in
current was obtained (curve b). Otherwise, HX/GCE also showed cyclic voltammetry with a rather low current
response when EPN was not in PBS (pH 7.0) (curve c). We also observe that, in HX attached to MoS2 Ns, a
pair of well-behaved redox peaks is observed, compared with the bare GCE. In the porous interfacial film of
MoS2 Ns-modified GCE, the mediator HX passes more readily through the electrically conducting porous
channel to the electrode, thus giving higher sensitivity.

Effect of scan rate

We evaluated the effect of scan rate (v) on EPN at HX/MoS, Ns/GCE via CV (Figure 2).
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Figure 2. CVs of HX/MoS2 Ns/GCE in PBS containing 30.0 uM EPN at different scan rates.
Insets: variation of (A) / vs. v/2; and (B) normalized current (//v/?) vs. v

Chronoamperometric measurements

Electrode processes at HX/MoS, Ns/GCE were investigated using chronoamperometry. Figure 3A shows
the chronoamperometric data for EPN at HX/MoS, Ns/GCE. The current-time profiles for different EPN
concentrations are shown in this figure. The Cottrell Equation (1) describes the current relation with the
diffusion coefficient (D):

I = nFADY?CT 212 (1)

where € / mol cm™ is the concentration. / vs. t*/? plot is linear under the diffusion-controlled condition
(Figure 3B). The slopes against the EPN concentration were plotted (Figure 4A). The D was determined to be

1.05x107°> cm? s,
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Figure 3. (A) Chronoamperograms recorded at HX/MoS2 Ns/GCE in PBS for several EPN concentrations. (B) / vs. t/2
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Figure 4. (A) Slope of straight lines as a function of EPN concentration. (B) The relationship of Ic/ IL with t/2.

The catalytic rate constant, k, can be determined using chronoamperometry using the Galus method [17],
Equation (2):

Ie/ I.= y /2 erf (y¥2) + exp (-y) [y (2)

where Ic is the catalytic current of EPN, /. is the limiting current in the absence of EPN and y = kGpt. In cases
where y > 2, Equation (3) applies.

I ] I = T2pY2 = 2 (kCot) V2 5

where t is the time elapsed in seconds. Based on the slope of the Ic / I, vs. t*2 plot, k = 4.09x10° Mt s,

Quantitative determinations

EPN concentration was calculated using DPV (Figure 5). Two linear segments made up the plot of peak
current vs. EPN concentration. The LOD was obtained 0.7 uM for EPN.

40

=

380.0 pM
350.0 pM
300.0 pM
250.0 pM
200.0 pM
150.0 pM
100.0 uM
75.0 pM
50.0 pM
30.0 uM
20.0 pM
<_5L 10.0 pM
~

I/ uA

30 4 y=0.2351x + 2.9678

R*=0.9988

C/uM
20 25uM
0.7 pM

10 4

y =0.0717x + 8.3306
R*=0.9986

0 100 200 300 400
C/uM

-100 200 500 500 1100
E/ mV vs. Ag/AgCl

Figure 5. DPVs of HX/MoS2 Ns/GCE in PBS(pH 7.0) containing assorted EPN levels. Insets show electrocatalytic peak
current vs. EPN concentration: (A) 0.7 to 30.0 uM and (B) 30.0 to 380.0 uM

Real sample analysis

EPN may be successfully determined using the described approach in actual urine and water specimen
samples. This investigation used the usual addition approach, and Table 1 presents the results. The ability of
HX/MoS, Ns/GCE as a voltammetric sensor for EPN analysis in real samples was validated by the notable
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recovery rates (97.5 to 103.3 %) and relative standard deviations (RSDs) (1.9 to 3.5 %). Additionally, the
relative standard deviation (RSD) was used to describe the method's repeatability.

Table 1. Determination of EPN in real samples using HX/MoSz Ns/GCE.
Content, uM

Sample Added Found Recovery, % RSD, %
0 - - -
5.0 4.9 98.0 3.5
Urine 7.0 7.1 101.4 2.2
9.0 9.3 103.3 2.8
11.0 10.9 99.0 1.9
0 - - -
6.0 6.2 103.3 2.4
Tap water 8.0 7.8 97.5 3.0
10.0 10.1 101.0 2.3
12.0 11.9 99.2 2.5
Conclusions

The creation of an HX as a modifying species is demonstrated in this work. The HX/MoS; Ns/GCE exhibited
significant stability. This electrode's detection limit and potential shifts are superior to those seen in prior
studies. This electrode is straightforward to make and easy to renew. CV was used to examine the
electrochemical behaviour of the HX/MoS; Ns/GCE with and without EPN. The findings indicate that EPN
oxidation is catalysed at pH 7.0, while EPN's peak potential shifts by 310 mV at the HX/MoS, Ns/GCE surface.
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