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Abstract: For the first time, the remdesivir anti-COVID-19 drug electrochemical determination has
been evaluated theoretically. In this work, an anodic process involving the Squaraine Dye — Ag.0>
composite has been evaluated. The mechanism of the electroanalytical process is branched, which
implies relatively dynamic behavior. Nevertheless, the correspondent mathematical model analysis,
made by linear stability theory and bifurcation analysis, confirms the composite electroanalytical
efficiency as an electrode modifier.
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1. Introduction

In 2019-2020 the world was influenced by a strange virus infection [1 — 4]. The virus
structure was resembling the known 2003 atypical pneumonia virus SARS, Middle East -
coronavirus MERS, and newly found bat coronavirus, which received the code name of SARS-
CoViD2. Yet the proper infection has been put the code name COVID-19. The pandemic
outbreak has lead to the cancellation and postposition of different events, including the
European Football Cup and Summer Olympics. [5 - 6]. The development of an effective drug
and vaccine is still in progress.

The clinical trials have confirmed the efficiency of Remdesivir drug (Fig. 1) [7 — 10].
It manifested exclusive efficiency and activity against COVID-19 in patients with mild and
moderate symptoms. It was the first EU-approved drug against COVID-19.
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Figure 1. Remdesivir.

Nevertheless, remdesivir has shown some adverse effects [11-14], like respiratory
insufficiency, reduction of erythrocyte and thrombocyte concentrations in blood, excess of
melanin secretion, and allergic reactions. Moreover, as it contains a nitrile group, it may show
high toxicity while in excess. Therefore, the development of efficient methods for remdesivir
electrochemical determination is really actual [15 — 18], and the electroanalytical methods, yet
used for similar drugs [19-21], could give it a good service.

Taking into account the remdesivir chemical composition, it is possible to conclude that
this compound may be detected either anodically or cathodically. In the first case, strong
oxidants should be used to oxidize the molecule, due to the presence of strong electron
acceptors therein.

One of the oxidants, which may be used for this purpose, is silver (I, 111) oxide (Fig. 2).

Ag.
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Figure 2. Silver (1, 1) oxide structural formula.

It has already been used in gas masks during World War 11 to filter out the carbon (1)
oxide by the reaction:

Ag202 + CO > Ag2COs3 1)

Nowadays, it is used in electrochemical cells as an oxidant [22]. Thus, its use in
electroanalytical systems isn’t discarded. Nevertheless, in order to stabilize it and make more
efficient its sensing activity, it’s strongly recommended to stabilize it by organic material, and
the squaraine dye may easily be used for this purpose [23-26].

Nevertheless, the organic electrooxidation  processes  (including the
electropolymerization) tend to be accompanied by electrochemical instabilities. These
instabilities include the oscillatory changes in electrochemical potential and monotonic
instabilities [27 — 29] and influence the sensing properties of the composite.

Thus, in order to investigate the parameter values, correspondent to the most efficient
electroanalytical function of the system, like also verify the possibility and probability of the
electrochemical instabilities in this system, an a priori theoretical observation of the
electrochemical determination of remdesivir.

In this work, we analyze the remdesivir electrochemical determination, assisted by the
composite of silver (I, I11) oxide nanoparticles, stabilized by a squaraine dye. In order to achieve
it, we realize the specific goals: the suggestion of the mechanism of the reaction consequence,
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leading to the appearance of an analytical signal; development of the balance equation
mathematical model, correspondent to the electroanalytical system; analysis and interpretation
of the model in terms of the electroanalytical use of the system; the seek for the possibility of
electrochemical instabilities and for the factor, causing them; the comparison of the mentioned
system’s behavior with similar ones, hybrid organic-inorganic composites [30 — 35].

2. Materials and Methods
2.1. System and its modeling.

Remdesivir molecule contains four fragments, capable of oxidizing. Taking into
account the facility of the electrooxidation of pentose fragment, it is oxidized firstly. The
pyridinic nitrogen, passivated phenolic ring and pyrrolo[a,b](1,2,4-triazine) moiety are
oxidized next. Two polymerization possibilities are foreseen.

Therefore, the remdesivir Ag202- assisted electrochemical determination mechanism
may be represented as in Fig. 3:

A

A9202 Ag,0

Figure 3. The scheme for Remdesivir electrochemical determination, assisted by Squaraine Dye — Ag20..

The role of the squaraine dye, used as the matrix to host the silver (I, I11) oxide, is to
both stabilize the inorganic phase and serve as an electron transfer mediator for the
electroanalytical system.

Thus, in order to describe the system’s behavior, we introduce three variables:

¢ —remdesivir concentration in the pre-surface layer; co —remdesivir partially oxidized form
pre-surface concentration; s — silver (1) oxide surface coverage degree.

To simplify the modeling, we suppose that the reactor is intensively stirred, so we can
neglect the convection flow. Also, we assume that the background electrolyte is in excess, so
we can neglect the migration flow. The diffusion layer is supposed to be of a constant thickness,
equal to 6, and the concentration profile in it is supposed to be linear.
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It is possible to show that the electroanalytical process will be described by the three-
dimensional equation set, exposed as:

[ E-iw-0-n)

dc 2
d—to =5 (ry — 131 — T3 — 123) (2)
ds 1
T 5(7”1 + 7y + 1y + 123 —13)
Herein, A is the diffusion coefficient, co is the remdesivir bulk concentration, S is the
silver (I) oxide maximal surface concentration, and the parameters r are the correspondent

oxidant and polymerization reaction rates, expressed as:

r = kic(1—s)? (3)

11 = ka1¢60(1 —s) 4)

T2 = kppc" 2 (1 —s)" ! (5)
T3 = kp3cg™ 2 (1 — s)™ ! (6)
r3 = k3s exp 22?0 (7)

in which the parameters k are the correspondent rate constants, m and n are monomer unit chain
lengths in each of two polymerization scenarios, F is the Faraday number, R is the universal
gas constant, and T is the absolute temperature.

In this system, the electrochemical determination of remdesivir is gradual due to the
electrochemical oxidation of the pentose fragment, followed by N-oxidation and
electropolymerization in two ways. Nevertheless, as all of the additional chemical stages do
not influence the DEL capacitance and ionic force, the electroanalytical system will resemble
the described in [30 — 35], as shown below.

3. Results and Discussion

In order to describe the behavior of the system with remdesivir electrochemical
determination, assisted by a composite Ag202 — Squaraine dye, we analyze the equation set (2)
by means of linear stability theory and bifurcation analysis. The steady-state Jacobian matrix
members will be exposed as:

ai1 A2 ag3
<a21 az2 a23> (8)

az; dzz da4ss

in which:

ayy =3(-5— k(1 -5)?) (9)
a, =0 (10)

ay3 = 5 (2ky (1 - 5)) (11)
@31 =3 (s (1= 5)?) (12)

Ay = %(_ku(l —-s)—(2n—- 2)k2205"_3(1 )"t —-(2m - 2)k23ccz)m_2(1 —s)™ 1)
(13)

ar,3 = ;(k'n Cq + (Tl — 1)(k77Cr2)n_2(1 — S)n_z) + (m — 1)(k77C/21m_2(1 — S)m—Z) —

2k, (1 —5)) (14)

a3; = £ (e (1 - 5)%) (15)

A3z = %(k21(1 —8) + (2n = 2)kppcd" (1 = $)" 1 + (2m — 2)kp3¢5™ (1 — )™ ) (16)
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a3z = ‘(_Zkl(l —5) = ka1 (1 —5) — (2n — 2)kgpc5" (1 — )" — 2m —

1
S
2)ky3cd™2(1 —s)™ 1 — kg exp 22?0 + jkss exp Zl;fo) (17)

Contrarily to the similar systems [30 — 35], the oscillatory behavior in this system,
despite remaining possible, is of less probability. It is explained by the absence of DEL
influences of chemical stages present in similar systems. Thus, the unique main-diagonal

element, which may be possible (and, consequently, responsible to the positive callback,

causing the Hopf bifurcation), is +jkss exp%> 0 if j>0, describing the cyclic DEL

capacitance changes during the electrochemical stage. This factor is common for the great
majority of the electroanalytical systems and is realized in a sufficient manner to cause
significant oscillations far beyond the detection limit. The oscillations are expected to be
frequent and of small amplitude.

Yet if the mentioned element is negative, the steady-state stability is warranted. Really,
applying the Routh-Hurwitz criterion to the Jacobian matrix and introducing new variables,
having it rewritten as (18):

-k—= 0 A
- P—-A (18)
J —-P-A-0
and opening the brackets and applying the condition Det J<0, salient from the criterion, we
obtain the steady-state stability requirement (19):
—Kk(2XA+20Q) + 245X <0 (19)

As in [30-35], the system will be diffusion-controlled, defining the vast parameter
region of the steady-state stability. From the electroanalytical point of view, it is correspondent
to the linear dependence between the electrochemical parameter and the drug concentrations,
describing an efficient electroanalytical process, even more stable than in similar systems
[30-35].

Thus, it is possible to conclude that the Ag202 — squaraine dye composite is an efficient
electrode modifier for the omeprazole electrochemical determination.

The monotonic instability, correspondent to the detection limit, from the
electroanalytical point of view, is also probable if the destabilizing and stabilizing influences
are equal. Its conditions will be described as:

—Kk(ZA+20) + 245X =0 (20)

The same model may be used for the electrochemical determination of remdesivir,
assisted by silver (I, 111) oxide, stabilized by another conjugated material. Yet the use of cobalt
(1V) oxide in some conditions excludes the N-oxide formation, annihilating the rz1. In the rest,
the model will be similar to described above. Also, if only one polymerization scenario is
realized, the element r22 or rzzis annihilated, simplifying the system.

628

[r] [n)

4. Conclusions

From the system with the electrochemical determination of remdesivir on a Ag202 —
Squaraine dye composite, it was possible to conclude that: as in similar systems, the
electroanalytical process is diffusion-controlled; the linear dependence between the
electrochemical parameter and concentration of the drug is realized in a broad topological
parameter region. The composite is an efficient electrode modifier for remdesivir
electrochemical determination; the oscillatory behavior in this system is less probable than in
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the similar systems, being caused uniquely and exclusively by the DEL influences of the
electrochemical stage.
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