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Abstract: Mebhydrolin, the active substance of diazoline, is a histamine H1-blocker that possesses the anti-allergic, anti-pruritic,
antioxidative properties as well as weak sedative effect. It is used to treat diseases and pathological conditions. Its long-term and excessive
use leads to different side effects and complications such as granulocytopenia, neutropenia, dyscrasia, and granulocytosis. That is why the
development of effective methods for determining the concentration of this drug is vital. There are no reports to date available on the
electrochemical determination of diazoline (mebhydrolin). Based on the structural characteristics of the molecule it can be concluded that
it is an electroactive compound. Its oxidation can effectively occur on the conductive polymer layer. Moreover, the electrochemical
behavior of the drug promises to be very interesting, as it is developed by a complicated mechanism. In this work, the electrochemical
determination of a mebhydrolin concentration on the leading polymer was studied from a theoretical point of view. The polymerization
and the reactions sequences was describe by a mathematical model, which was derived and analyzed using linear stability theory and
bifurcation analysis. From the model analysis we concluded that: a). The polymer electrode promotes an electrooxidation of mebhydrolin
and the system is electroanalytically effective. The relationship between the electrochemical parameter (the current) and the concentration
of nitrite is described and it is linear in nature. Therefore, the analytical signal can be easily interpreted. b). The electroanalytical process
occurs in the diffusion mode at low concentrations of the analyte and in the adsorption mode at high concentration. c). The oscillatory
behavior of this system is possible. It is caused by the effects of the electrochemical stage on DEL as well as also by surface instabilities.

Keywords: chemically modified electrodes, mebhydrolin, conductive polymers, electrochemical sensors, steady stationary state.

Introduction allergic rhinitis, allergic conjunctivitis, skin reaction after
insect bites, bronchial asthma (as part of combination

Diazoline (mebhydrolin) is an anti-allergic drug [1-6], a  therapy).
blocker of histamine H1-receptors, that possesses anti-
allergic, anti-pruritic, antioxidative, and weak sedative
effect. It is used to treat diseases and pathological
conditions such as hay fever, urticaria, eczema, itchy skin,

Nevertheless, diazoline is a toxic drug, long-term and
excessive use of which leads to side effects [7-12] and even
complications such as granulocytopenia, neutropenia,
dyscrasia, and agranulocytosis. Diazoline is contraindicated
in cases of angle-closure glaucoma and prostate
hypertrophy. The level of ecotoxicity of the drug is high,

ng,?s“e/gd ig:gg:;ggg which includes aquatic organisms. Both the positive and
Accepted: 28.05.2020 negative effects of the drug are dose-dependent.
Published online: 30.06.2020 Therefore, the development of effective methods for

determining the concentration of this drug is without a
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There are no reports to date on the electrochemical
determination of mebhydrolin. Base on the structural
characteristics of the molecule it can be concluded that it is
an electroactive substance that can be effectively oxidized
on the conductive polymeric layer. However, the
development of new electroanalytical systems is always
associated with solving certain problems such as:

* uncertainty about the mechanism of electrochemical
action of the electrode modifier with analyte and its role in
the electroanalytical system;

» possibility of electrochemical instabilities (oscillatory
and monotonic) characteristic of electrosynthesis and
electrooxidation of small organic molecules (including
electropolymerization of heterocyclic compounds, which
produces polymer coatings) [17-22].

These problems can be solved at the stage of sensor
development if the experimental tests are preceded by a
priori theoretical mechanistic study of the electroanalytical
system. It will include the development and analysis of a
mathematical model that would adequately describe the
electroanalytical system. Thus, the main purpose of this
paper is a theoretical description of the electrochemical
system for the determination of mebhydrolin at the polymer
electrode. In order to achieve the goal, you need to achieve
intermediate objectives, namely:

« to present the sequence of chemical and
electrochemical transformations that leads to the appearance

CH,
N
@\g) - 2H*, - 2e
@j
CH,
N
(j\/@ - 2H*, - 2e
@j
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of the analytical signal and, therefore, form the basis of the
electroanalytical process;

« to develop a mathematical model that would adequately
describe the behavior of this system. A mathematical model
should consider reaction sequences and physical processes
that accompany them;

+ to analyze model, and find the conditions of a steady-
state stability (and, accordingly, the most efficient operation
of the sensor and the best interpreted analytical signal), as
well as oscillatory and monotonic instability;

+ to compare the behavior of this system with similar
ones [23-25].

The system and its model

Electrochemical oxidation of diazoline occurs via a
radical mechanism with the expulsion of equal amounts of
electrons and protons - either by the intramolecular
mechanism, with the formation of a condensed indole
derivative, or intermolecularly, forming a dimer; further
polymerization, although theoretically possible, is
hampered by the steric factor (although the polymer
substrate on the surface, in general, promotes
polymerization) [19]. In this case, the transfer of electrons
and protons occurs through the polymer layer (Figure 1),
with the radical centers of which (if any) can also
recombine.

Figure 1. Possible ways of electrochemical oxidation of diazoline (mebhydrolin).
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Figure 2. Oxidation of the methylene group to the carbonyl group in diazoline (mebhydrolin).

A slightly higher electrode potentials in aqueous
solutions, alkaline environment, and the presence of
electrode’s modifiers might lead to the oxidation of the
methylene group with the formation of the corresponding
secondary alcohol and then ketone (Figure 2).

This paper presents electrochemical determination of
diazoline at the polymer electrode and the method described
in Figure 2 will not be considered (this will be the subject of
one of our next works). We will limit ourselves to
electrooxidation that is described in Figure 1.

In the simplest case an electroanalytical process in a
neutral medium using a potentiostatic mode (amperometry)
we consider three variables:

¢ — the concentration of diazoline in the near-surface
layer;

0 — the degree of filling of the electrode’s surface with
diazoline;

p — the degree of filling of the electrode’s surface with
the polymer in a modified form.

To simplify the calculations, we assume that the reaction
mixture is stirred vigorously (and we can neglect the
convective flow) and the background electrolyte is in an
excess (so that we can neglect the migration flow). We also
assume that the concentration distribution of substances in
the near-surface layer is linear, and the thickness of the
layer itself is constant, equal to 6.

We can show that the behavior of this system is
described by a system of differential equations (1):

dc 2(A

EZE(E(CO_C)_rl_rlj

do 1

E=a(r1_r—1_r21_r22_r23) 1)
d_p_l

dt - E(rﬂ + 0+ — rs)
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wherein A is the diffusion coefficient, ¢, is its concentration
in the thickness of the solution, G and P are the maximum
surface concentrations of diazoline and modified polymer,
respectively, and the parameters r are the rates of adsorption
(r1), desorption (r1) and chemical reactions, which can be
calculated as:

r, = k,c(1— 6) exp(ab) @)
r, =k 0exp(-ab) 3)
Iy = ky,0(L— p) exp(36) @)
I, =Ky, 0(1— p) exp(B6) 5)
s = Ky30(1— p) exp(B06) Q
r,=k,p exp(%) (7

wherein the parameters k are the specific rates of the
corresponding processes, o is a variable describing the
surface interaction of adsorbed diazoline particles, B is a
variable describing the interaction of diazoline molecules
with the surface layer, n is the number of electrons
transferred at the electrochemical stage, F = Na*e is the
Faraday number, @o - potential-jump relative to the potential
of zero charges, R - universal gas constant, T - absolute
temperature in the system.

Results and discussion

To study the behavior of electrochemical determination
of diazoline at the polymer electrode, we analyze the system
of differential equations (1) given the algebraic relations
(2-7), by the methods of linear stability theory. Stationary
elements of the Jacobi functional matrix would be written
as:

a8, g
Ay 8yp Ay (8)
A3 83 Agp
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a, = %(kl exp(— a0)— ak_,0exp(— a8) -k, (1- 0) exp(ab)+ k,cexp(ad)— ak,(1- O)cexp(ad)) (10)

a,=0 11)

a, = é(kl (1-0)exp(ab)) (12)

(13)

L 1 (— k_, exp(— )+ ak_0exp(— ad) -k, (1- 0)exp(abd) - k,cexp(abd)+ ok, (1- O)cexp(ab) —j

G [~k (1— p)exp(Bp) — Ky, (L— p)exp () — kys (L - p) exp(fp)
s = = (0O (D)- 0L P) X0 (50) + ka0 XD (D)~ Au 0L~ P XD (D) + ks 0P ()~ fs0L- Pexp(p)  (14)
a; =0 (15)

ay, = %(km(l_ p)exp(Bp)+ Ky, (L— p) exp(Bp)+ ks (1— p)exp(Bp)) (16)

- k219 eXp (:Bp)"' ﬂkzﬂ(l - p) eXp(ﬂp)_ kzzeeXp (ﬁp)"‘ ,Bkzz‘g(l_ p) EXp (,Bp)
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Figure 3. The series of Equations 10-17.

wherein: (see Figure 3). To avoid the emergence of cumbersome expressions in

the analysis of the determinant of Jacobian, we introduce

Considering the expressions (9), (13), and (17), we can new variables, so that the determinant would be written as:

see that in the main diagonal of the Jacobi matrix several
elements can describe the positive feedback. Apart from the

element {kgpexp[M] -, Whereinif £<0, which -k, —= A 0

R 2l = _a-0 K 18
describes the effects on the DEL (double electric layer) @ = (18)
capacity of the electrochemical oxidation of the modified 0 Q —-K-1II
polymer, the element <can also be positive
ok ,0exp(—ab) >0 ok, (1-O)cexp(ad)>0i, ifa>0, The criterion for the stability of the steady-state is the so-

called Rauss-Hurwitz criterion. We can show that for
andalso A, 0(1- p)exp(fp).  A0(L- p)ep(sp), trivariate systems it reduces to the inequality —Det J > 0, or,
PK,:0(1—p) exp(ﬁ‘p), positive when B> 0, describing consequently, Det J < 0. By revealing the determinant of the
matrix and applying to it the inequality that follows from
the criterion, we can obtain the condition of stability of the
steady-state, written as:

surface instabilities caused by the attraction of adsorbed
diazoline molecules among themselves and with the
polymer surface. This means that the Hopf bifurcation and
the oscillatory behavior described by it are possible, and
they are more probable than in similar systems [23-25]. As
will be shown below, the oscillatory behavior will be
observed outside of determination limit and will have little
effect on the electroanalytical properties of the material.

— K, (AK + AT+ QIT) -EQI1<0 (19)
This condition is guaranteed to be satisfied if the

parameter j acquires positive values (which, in most cases,
is observed). Thus, the steady-state is stable in a fairly wide
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range of parameters, which from an electroanalytical point
of view will mean that the system is electroanalytical
efficient because in it the relationship between
electrochemical parameter (in this case, current) and nitrite
concentration is linear and the analytical signal is easily
interpreted in a wide range of parameters. Also, the form of
inequality (19) indicates that the electroanalytical process
occurs in the diffusion mode at low concentrations of the
analyte and the adsorption mode at large.

The limit of determination is determined by the
implementation of monotonic instability, which corresponds
to the implementation of the saddle-node bifurcation, the
point of which separates stable steady states from unstable
states. The condition for its occurrence for this system is as
follows:

— i (AK+AIT+QIT) -ZQI1=0 (20)

In the case of a modification of the polymer surface with
an inorganic material, the role of the active substance is
assumed by this material. The polymer remains the
mediator function of the electrochemical process, which
changes the behavior of the system, expanding the range of
electroanalytical efficiency of the process. This system will
be considered by us in the following works.

Conclusions

Theoretical analysis of determining the concentration of
diazoline at the polymer electrode demonstrates that:

» the polymer electrode promotes electrooxidation of
diazoline, and the system is electroanalytical effective,
because in it the relationship between the electrochemical
parameter (in this case, the current) and the concentration of
nitrite is linear, and the analytical signal is easily
interpreted,;

« the electroanalytical process occurs in the diffusion
mode at low concentrations of the analyte and in the
adsorption mode at large ones;

« oscillatory behavior in this system is possible and it is
caused not only by the effects of the electrochemical stage
on DEL but also by surface instabilities.

Notes
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TeopernuyHa OIliHKAa €JICKTPOAHAIITUYHOT'O BH3HAUCHHS Mdia30JiHy (MeOrimposiHy) Ha
MOJIIMEPHOMY €JIEKTPO/I1
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Pe3tome: VY naniii poOOTi 3 TEOPETHYHOI TOYKH 30py PO3MIBIAAETHCS MOJMKIMBICTH €JNEKTPOXIMIYHOrO BH3HAYEHHsS KOHLIEHTpauii mMeOrigponiny (miroua
pEYOBHHA MpenapaTy [Iia30JiiHy) Ha aHo/i, MOAX(IKOBAHOMY IPOBIAHUM MOJIMEPOM . MeOTiAPONiH € OfHUM i3 IIMPOKO 3aCTOCOBAHUX aHTHUTICTAMIHHHX
npenapartis. oro 3acTOCOBYIOTh MpW TAKMX MATONOTIYHHX CTAHAX 5K CIHHA JIMXOMaHKA, KPOMMB'SHKA, eK3eMa, MKipHHI CBepOiX, anepriuHuii puHir,
aJlepriyHMil KOH''OHKTHBIT, [IKipHA PEaKIlis Micis YKyCy KOMaxu, OpoHxianbHa actMa. He3Bakarouu Ha 1€, MeOTiApOJIiH MPOSBIISE Psi MOGIYHIX eeKTiB i
MIPOTUIIOKA3aHUH [0 psAAy Kareropiii HaceneHHs. B Oynb-skoMy pasi, HOro Aisi € CHJIBHO 3aJI©XKHOIO Bix 103u. ToMy HOro BH3HA4YeHHS € HiHCHO
aktyanbHuM. Hapasi He BiIomMo 01HOI poOOTH, MPHUCBAYEHOI eJEKTPOXiMIYHOMY BH3HAa4YeHHIO MeOrimpoiiny. OJHaK, 3 Orjsay Ha OyIOBY MOJIEKYIIH,
MOYKHa 3pOOHTH BHCHOBOK IIPO T€, IO L€ eNeKTPOAKTUBHA PEYOBHHA, OKMCHEHHS SIKOI MOXKe eeKTHBHO BiIOYTHCS Ha MPOBIAHOMY MONIMEPHOMY IIapi.
Mano Toro, sk MoXifHe iHAOTY, MEOriApONiH MoXe OyTH MiAJaHHM eIeKTPONoJiMepu3aLil, ska MOXKe CYINPOBODKYBATHCS BHYTPIIIHbOMOJIEKYISIPHOIO
nuKIizaniero. BinTak, 3 orisny Ha «po3raayKeHiCTh» MEXaHi3My, a TAKOXK MOXUIMBICTb MOSIBU €JICKTPOXIMiYHHUX HECTIHKOCTE (OCHMIATOPHA, MOHOTOHHA),
a priori TeopeTHyHe MeXaHICTHYHE JOCIIIKEHHs EJEeKTPOaHATITUYHOI CHCTEMHM, sKe BKIIHOYaTMMe PO3pOOKYy Ta aHali3 MaTeMaTH4HOi Mmozerni, mo 0
a/IeKBaTHO OMKCYBAaJa €JICKTPOAHANTHYHY CHCTEMY € HiliCHO BaxnuBuM. J{msi maHoro mporecy Oyio po3po0ieHO TpUBapiaHTHY MAaTeMaTHYHY MOJENTb
GanaHcoBUX AM(epeHIianbHIX PIBHSIHb, 110 BKIIOUa€ 00U/IBa CLIeHAPii OKUCHEHHs MEOTIPOIiHY 3 BiJIIIENICHHAM MPOTOHIB Ta €IEKTPOHIB. AHai3 Mojiei
HoKa3sye, 1o: a). [loniMepHHil eleKTPOA CrIpHsie eMeKTPOOKUCHEHHIO 1ia30IliHy, a CHCTEMA eNIEeKTPOaHATI THYHO e()eKTHBHA, OCKIIBKH B Hilf 3aJIeXKHICTD MiXK
eIEKTPOXIMIYHUM MapamMeTpoM (B JaHOMY BHIAJKY, CTPyMOM) i KOHLIGHTpALi€I0 HITPUTY € JiHiiHOI, a aHaJITUYHUI CUTHAI JIETKO iHTEPIPETY €ThCs. 0).
EnexTpoananitnunuii nporec BinOyBaerbes B qudy3iiHOMY pexuMi 32 MaJlMX KOHLEHTpaLiil aHAIITY 1 B ajcopOuiiiHOMy 3a BeIMKUX. B). OCUMIATOpHA
MOBEJIIHKA B JJaHi# CHCTEMI MOXKJIMBA | BOHA CIIPUYMHSETHCS HE JMIIEHD BIUIMBAMU elleKTpoximiuHoi craaii Ha [TELLI, a i noBepXxHEBUMH HECTIHKOCTSIMHU.

Kurouosi ciioBa: XiMivHO MO (DiIKOBaHMH €IEKTPOJ, MEOT1IPOIIIH, TPOBIIHI MOJTIMEPH, €NEKTPOXIMIYHI CEHCOPH, CTIHKHI CTAlliOHAPHUM CTaH.
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TBOSA YCMIWHA KAP'EPA
B YKPAIHI

HaykoBo-Bupo6Huye nignpmemctBo «EHamiH» (M. KuiB) — Haibinblia
yKpaiHCbKa oOpraHisauisi, WO 3aiMaeTbCs AOCMIMKEHHAM i CUHTe30M
cnonyk ans notpeb cdapma- Ta arpoiHaycTpil, @ TaKoX Hagae nocnyru B
cchepi po3pobku HOBITHIX Nikapcbkux 3acobiB Ta paHHIX AOKMIHIMHUX
pocnimxkeHb. 3a 29 pokiB icHyBaHHSi €HaMiH cTaB CBITOBUM NiAepoM Yy
CBOII ranysi, akTUBHO CniBNpaLioloyn 3 TakMMK BigoMummn chapmavies-
TUYHUMU KomnaHiamu sik Abbvie, Bayer, GlaxoSmithKline, Merck, Pfizer
Ta iHWi. ¥ KoMnaHii cchopMOBaHUIA 3NarofKeHWin KONEKTUB HayKOBLB,
[0 cknagy sikoro BxoaaTk 140 fokTopiB | kaHAWAATIB Hayk Ta noHaa 600
kBanicikoBaHuUx cneyianictis — npodecioHanis y ranysi opraHiyHoi Ta
MeanYHoi XiMmii, Gioximii, kniTuHHOT Gionorii, in vitro Ta in vivo dapmako-
norii. LLlopi4Ho HaykoBuit konekTuB EHamiHy nybnikye aecaTku craten y
HaNnNPeCcTUXHIWNX haxoBUX BUAAHHSX.

AONMYYAUCSH A0 HALLOI KOMAHAOM!

Enamine

HALUI NMEPEBAI'A:

FigHa 3apob6iTHa nnaTHA

HapaHHsA xuTtna
BnacHi komdopTabenbHi ryptoxutku B M. bposapu
(3a 30 xBUNUH BiA Micus poboTw).

Kap’epHe 3pocTaHHA
HasiTb, noyaBLUM NPpocTUM NabopaHToOM, MaeTe MOXIIUBICTb
BXe 3a Kinbka pokiB o4onuTy natoparopito abo Bigain.

HaBuaHHsa Ta HayKkoBa kap’epa
3aBAsiku rHy4YKomy rpadiky nerko noegHysaTn poboty B
KOMNaHii 3 HaBYaHHSIM B YHIBEPCUTETI.

HALUI PECYPCMU:

100 cuHTEeTUYHUX Nnabopartopin
OCHaLLEHi Hancy4acHiLWnm
B YKpaiHi 06nagHaHHAM

Hanbinbla y cBiTi Konekuia peakTueiB
(noHag 225 tT1cady cnonyk)

4 BnacHi fIMP-cnekTpomeTpu
(400 i 500 MTy)

40 npenapaTUBHUX Ta
20 aHaniTM4YHUX xpomarorpacdis

[ocTtyn Ao nitepatypHux 6a3 agaHux
6e3nocepeaHbo 3 PpoboUMX MiCLb, L0 AO3BOSSE
onepaTMBHO OTPMMYBATK NOCUNAHHA Ta CTaTTi
3 6araTbOx HayKOBMX NEPIOANYHMX BUAAHD

BnacHa cknogyBHa mancTepHs

BnacHumn LleHTp ®apmMakosnoriyHoro
CKPUHIiHry

KOHTAKTM:

(044) 502-20-81
v.yanuta@mail.enamine.net
enamine.net
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