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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 elect roanalytical 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. 
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Introduction 

Diazoline (mebhydrolin) is an anti-allergic drug [1-6], a 

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, 
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allergic rhinitis, allergic conjunctivitis, skin reaction after 

insect bites, bronchial asthma (as part of combination 

therapy). 

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, 

which includes aquatic organisms. Both the positive and 

negative effects of the drug are dose-dependent. 

Therefore, the development of effective methods for 

determining the concentration of this drug is without a 

doubt an urgent task [13-16]. 

 

© Tkach V. V. et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original author and source are credited. 

https://orcid.org/0000-0001-7696-0954


V. V. Tkach, M. V. Kushnir, Y. G. Ivanushko et al. 

54 

 

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 

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.  
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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: 

c – the concentration of diazoline in the near-surface 

layer; 

θ – 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 δ.  

We can show that the behavior of this system is 

described by a system of differential equations (1):  
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wherein Δ is the diffusion coefficient, c0 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 (r-1) and chemical reactions, which can be 

calculated as:  
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wherein the parameters k are the specific rates of the 

corresponding processes, α is a variable describing the 

surface interaction of adsorbed diazoline particles, β 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, φ0 - 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: 
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Figure 3. The series of Equations 10-17. 

wherein: (see Figure 3). 

Considering the expressions (9), (13), and (17), we can 

see that in the main diagonal of the Jacobi matrix several 

elements can describe the positive feedback. Apart from the 

element    
0exp 0

3 

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




RT

nF
pk


 ,     wherein if   ξ < 0,    which 

describes the effects on the DEL (double electric layer) 

capacity of the electrochemical oxidation of the modified 

polymer, the element can also be positive 

  0exp1  k   0exp)1(1   ck і,    if α > 0, 

and also    ppk  exp)1(21  ,     ppk  exp)1(22  , 

 ppk  exp)1(23  ,   positive  when   β > 0,   describing 

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. 

To avoid the emergence of cumbersome expressions in 

the analysis of the determinant of Jacobian, we introduce 

new variables, so that the determinant would be written as:  
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The criterion for the stability of the steady-state is the so-

called Rauss-Hurwitz criterion. We can show that for 

trivariate systems it reduces to the inequality –Det J > 0, or, 

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: 

0)(1                    (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: 

0)(1                      (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. 
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Резюме: У даній роботі з теоретичної точки зору розглядається можливість електрохімічного визначення концентрації мебгідроліну (діюча 

речовина препарату діазоліну) на аноді, модифікованому провідним полімером . Мебгідролін є одним із широко застосованих антигістамінних 

препаратів. Його застосовують при таких патологічних станах як сінна лихоманка, кропив'янка, екзема, шкірний свербіж, алергічний риніт, 

алергічний кон'юнктивіт, шкірна реакція після укусу комахи, бронхіальна астма. Незважаючи на це, мебгідролін проявляє ряд побічних ефектів і 

протипоказаний до ряду категорій населення. В будь-якому разі, його дія є сильно залежною від дози. Тому його визначення є дійсно 

актуальним. Наразі не відомо жодної роботи, присвяченої електрохімічному визначенню мебгідроліну. Однак, з огляду на будову молекули, 

можна зробити висновок про те, що це електроактивна речовина, окиснення якої може ефективно відбутися на провідному полімерному шарі. 

Мало того, як похідне індолу, мебгідролін може бути підданим електрополімеризації, яка може супроводжуватися внутрішньомолекулярною 

циклізацією. Відтак, з огляду на «розгалуженість» механізму, а також можливість появи електрохімічних нестійкостей (осциляторна, монотонна), 

a priori теоретичне механістичне дослідження електроаналітичної системи, яке включатиме розробку та аналіз математичної моделі, що б 

адекватно описувала електроаналітичну систему є дійсно важливим. Для даного процесу було розроблено триваріантну математичну модель 

балансових диференціальних рівнянь, що включає обидва сценарії окиснення мебгідроліну з відщепленням протонів та електронів. Аналіз моделі 

показує, що: а). Полімерний електрод сприяє електроокисненню діазоліну, а система електроаналітично ефективна, оскільки в ній залежність між 

електрохімічним параметром (в даному випадку, струмом) і концентрацією нітриту є лінійною, а аналітичний сигнал легко інтерпретується. б). 

Електроаналітичний процес відбувається в дифузійному режимі за малих концентрацій аналіту і в адсорбційному за великих. в). Осциляторна 

поведінка в даній системі можлива і вона спричиняється не лишень впливами електрохімічної стадії на ПЕШ, а й поверхневими нестійкостями. 

Ключові слова: хімічно модифікований електрод, мебгідролін, провідні полімери, електрохімічні сенсори, стійкий стаціонарний стан.
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