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The aim of this research is the review of scientific and technical literature regarding possibility of using sorption processes
in the technology of drug delivery systems. Materials and methods. The materials are the following electronic resources:
eLIBRARY, CyberLeninka, PubMed. The methods of review are analysis and synthesis. The study covers the scientific literature
from 1996 up to the present time. Results. Sorbents are used as carriers for various medicinal peroral substances, they are also
dispensers of various compounds in the form of polymeric eye films and stents in the human body. The delivery of medicinal
substances occurs with the help of sorption processes of mass transfer. Currently, the following medical substances are
used as carriers for medicinal substances: activated carbon, mineral sorbents (medical clays, synthetic sorbents), polymers
and their biosimilars. 6 groups of pharmaceutical substances are registered for the production of enterosorbents in Russia
and they can be used as sorbent carriers in the sorption drug system. They are: activated carbon, colloidal silicon dioxide,
polyvinylpyrrolidone, dioctahedral smectite, polymethylsiloxane polyhydrate. As a result of the study, the model of the sorption
drug system has been developed. It consists of sorbent carrier, active pharmaceutical ingredient and excipients that provide
the desorption. Desorption of the active pharmaceutical ingredient may contribute to its modified release. The technology for
obtaining sorption medicinal systems requires further study and development of modeling methods, searching for experimental
pharmacological models and technological methods, which make it possible to obtain sorption dosage form with modified
release. Conclusion. The review of the sorption processes used in the technology of drug delivery systems has been carried
out. The model of the sorption drug system has been developed.

Keywords: sorption drug system, release modification, drug delivery
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Lenv — 0630p HayuHOU U MEXHUYECKOU IUMEPAMYPbL, KACAIOWEUCs B03MOHNCHOCHU UCNONb308AHUS COPOYUOHHBIX NPOYECCO8 6
mexHono2uu cucmem 0OCMAasKu 1eKapcmeeHubix seujecms. Mamepuanst u memoowl. B kavecmee mamepuanog ucciedosanusi
ucnonvzosanu anexkmpounvie pecypcvl eLIBRARY, CyberLeninka, PubMed. Memoov: uccnedosanus — ananus u 060oujenue
HayyHoU aumepamypul 3a nepuoo ¢ 1996 2ooa no nacmosawee epems. Pesynomamot. CopOenmobi gbicmynarom 8 poiu HOCU-
menetl Ol pA3IUUHbIX JIeKAPCMBEHHBIX BeWeCmE npu npueme per oS, a maxice 8 ponu 003amopos PaIUYHbIX COEOUHEHUL
6 OpeaHu3Me 4en06eKa npu UCNONbI0BAHUU NOTUMEPHBIX CUCeM OOCMABKU 6 6UOe 2IA3HbIX NIEHOK U cmeHmos. Jocmaska
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J1eKAPCMBEHHBIX 8eujecms NPOUCXOOUm npu NOMOWU COpOYUOHHBIX NPOYecco8 macconeperoca. B ponu nocumeneii ona pas-
JUYHBIX Bewyecms UCHONb3VIOMCS Cledyloujue cOpOeHmyl: AKMUBUPOBAHHDIL Y20lb, MUHEPATbHbIE COPOEeHMbL — MEOUYUHCKUE
2IUHBL, CUHMemuYecKue copoenmpl — noaumepsl u ux ouoaranro2u. B Poccuu 3apecucmpuposaro 6 epynn gpapmayesmuueckux
cybcmanyuil, npeOHA3HAYEHHbIX 0I5l NPOU3B00CMEA IEKAPCMBEHHBIX NPENAPAmMo8 SHMePOCOPOEHMOs, KOMopble 603MONHCHO
UCNONB308AMb 8 KAuecnee COpOEHMA-HOCUMENS. 8 COPOYUOHHOU IeKAPCMBEHHOT cUcmeMe. aKMUBUPOBAHHDBIU Y20Ilb, KPEMHUSL
OUOKCUO KONTOUOHDBILL, NOTUBUHUTNUPPOIUOOH, CMEKMUM OUOKMAIOPUHECKUll, NOTUMEMUICUIOKCana noaueuopam. Paspabo-
mana mooenb copoYUOHHOU 1eKAPCMBEHHOU CUCIEMbl, COCMOAWASL U3 COPOEHmMa-HOCUMENs, AKMUBHO20 hapmayesmuiecko-
20 UHSPEOUEHMA U 6COMOSAMENbHBIX Gewecms, 0becneuusaowux oecopoyuro. [lecopbyust akmusHo20 apmayesmuiecko2o
uHepeouenma Modicen cnocobcmeosams e2o MOOUPUYUPOBAHHOMY 8bLc80D0NCOeHUI0. TexHonous nonyueHus CopoOYyUOHHBIX
JIeKAPCMBEHHbIX cucmem mpebyem OanbHeliuie2o U3yieHus u paspabomku Memooos MoOenuposanus, NOUCKA SKCHepUMeH-
MATLHBIX PAPMAKONOSUHECKUX MOOCNEU U MEXHOLOSUYECKUX MEMOOUK, NO3GOIAUIUX NOLYHUMb COPOYUOHHYIO IEeKAPCMBEH-
Hy1o ghopmy ¢ moouguyuposannvim 8viceobodicoenuem. 3axnouenue. Ilposeden 0630p UCNONBL308ANUS COPOYUOHHBIX NPO-
yeccos 8 mexHono2uu cucmem OOCMABKU NEeKAPCMBEHHbIX 8eujecms, paspabomana mooenb coOpOYUOHHOU NeKapCmBeHHOU
cucmembl.

Kniouesvie cnosa: copbyuonnas 1ekapcmeeHnas cucmema, MOOUPUKayus 8bic8000iCOeHUs, OCHMABKA NeKAPCMBEHHbIX Ge-

wecme

INTRODUCTION
According to the information of Ministry of Health,
in 2016 there were 237 million cases of registration of
various diseases per 146.8 million people in Russia [1].
The statistical indicators show a high overall morbidity
of the population. National security of the country,
among other things, implies pharmaceutical security,
i.e. the availability of drugs produced in Russia, which
is impossible without the introduction of high-tech
domestic developments in this area. Currently, specialists
are faced with the task of developing and introducing
new active pharmaceutical substances, developing new
formulations of dosage forms of various directions of
action, improving the production technology of dosage
forms. These areas are the main ones in the state program
“Strategy for the development of the pharmaceutical
industry of the Russian Federation for the period up
to 2020”. The existing range of active pharmaceutical
substances on the Russian pharmaceutical market is
represented mainly by foreign manufacturers. Domestic
development to improve the technology of obtaining new
dosage forms are lagging behind foreign ones [2].
The development of a new dosage forms in
pharmaceutical technology are going on in two directions:
1. development of new dosage forms with
improved characteristics (release modification,
low percentage of side effects) based on
clinically approved substances. The actual
direction is the study and use of mass transfer
processes of drugs to modify their release;
2. development of new pharmaceutical ingredients
and traditional dosage forms based on them [3, 4].
The promising direction in the development of drug
delivery systems is the use of sorption technologies.

Tom 7, Beinyck 1, 2019

Sorption methods can be used to inject medicinal
substance (MS) into the sorbent under the conditions
of reversibility of the process and desorption of the
medicinal substance into the organism. The sorbent is
pre-saturated with the necessary medicinal substance and
the system is used in the desorption mode [5]. A medical
substance has a large active area on the sorbent carrier due
to the sorption of the monomolecular layer. This effect
can reduce the dosage of the medicinal substance while
maintaining therapeutic activity. The resulting sorption
drug system can perform the function of the transport for
delivering medicinal substance to the body.

THE AIM of this research is review of scientific and
technical literature on the possibility of using sorption
processes in the technology of drug delivery systems.
The set up a problem are as follows: to review the use
of sorption processes in the technology of drug delivery
systems; to develop the sorption drug system model.

MATERIALS AND METHODS

The materials are the following electronic resources:
eLIBRARY, CyberLeninka, PubMed. The methods of
review are analysis and synthesis. The study covers the
scientific literature from 1996 up to the present time.

RESULTS AND DISCUSSION

Modern pharmaceutical technology has the problems,
the solution of which will be the new ways of developing
effective drugs. The subject of the study is the dosage
form with optimal bioavailability and a target action.

Currently, dosage forms are classified into three
generations by therapeutic effect (Ischenko V.I., 2016):

1. traditional dosage forms are characterized by

systematicity and periodicity of the action, in
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which the major part of the injected substance is
metabolized and does not reach the target;

2. dosage forms with systemic action and modified
drug release (transdermal therapeutic systems,
delivery systems based on sorption processes of
mass transfer);

3. dosage forms characterized by target action in
organs, tissues, cells and even in cell structures
and controlled release (liposomes).

Traditional dosage forms are characterized by the
immediate and uncontrolled release of drugs. Promising
dosage forms are those with modified release and
characterized by changes in the mechanism and nature
of the release of medicinal substance [6]. Modification
of medicinal substance release can be achieved in the
following ways:

1. technological and nanotechnological ways mean
the production of micro-size dosage forms,
production of nanoscale dosage forms with a
directed effect on a biological target;

2. physical-chemical ways mean the use of
excipients that alter the solubility, absorption,
distribution or elimination, as well as the
formation of complexes or changes in the
structure of the drug molecule [4, 7, 8].

Technological methods of modification consider
sorption drug systems in which the drug is physically or
chemically bound to a solid carrier in order to modify
its release during subsequent desorption. Sorption
drug system will reduce the dosage and frequency of
drug administration. In this aspect, biopharmaceutical
research on the creation of a new-generation of drugs is
of particular relevance.

There are several ways to obtain sorption medicinal
systems:

1. joint dispersion of drugs with a solid carrier in
mills of various types. Grinding a polymer when
it is used as a solid carrier can be done in the low
temperature range, since it increases its ability
for abrasion;

2. mixing drugs with a solid carrier in solvent
medium, followed by removal of the solvent by
evaporation [9].

Polymeric sorption systems with modified release
of active pharmaceutical ingredients is the structure in
which the polymeric carrier and the drug are in the com-
plex with physiological activity and regulated pharma-
cokinetics [10-11]. In gastroenterology, dried cultures
of living bacteria — probiotics — are widely used. The
biomass of live bacteria adsorbed on the stone activat-
ed carbon is improved by dosage forms with respect to
traditional lyophilized probiotics.
sorption probiotics is represented in Russia by the fol-

The nomenclature of

6

lowing medicinal preparation: “Bifidumbakterin Forte”,
“Probifor” and “Florin Forte”. The technology of produc-
ing probiotic preparations is based on sorption processes
aimed at sorption of microorganisms with activated car-
bon. Sorption ensures the survival of microorganisms in
the acidic environment of the stomach, interaction with
the parietal layer of the intestinal mucosa and an increase
in the therapeutic effect [12, 13].

The carbon-mineral sorbent “SUMS-1” with bi-
fidobacteria immobilized on its surface, showed a high
adsorption activity and the probiotic therapeutic effect
[14]. When immobilized on the “SUMS-1", the sorbent
polysaccharide from fucoidan algae, the elution of the
latter into an aqueous solution was 50+£10%. Combined
dosage forms for enteral use have shown high efficacy in
the treatment of burn wounds. [15, 16]. “SUMS-1" with
an immobilized fibrinolysis inhibitor can be recommend-
ed in complex therapy for the treatment of inflammatory
periodontal diseases [17].

Experimental studies of the treatment of burns and
purulent wound surfaces have shown the effectiveness of
using vulneororption by sorption medicinal systems with
antibiotics [18—20] and herbal remedies [21-23].

Clinical observations of the last decades indicate
side effects of antibiotics, and therefore interest in silver
preparations is renewed. Silver-containing sorbents (SI-
AL-S), which showed good detoxifying and antioxidant
properties have been developed [24]. Experimental stud-
ies indicate that «SIAL-S» sorbent may be an implant
to fill in bone cavities, while maintaining osteoreparative
properties in an infected wound [25].

The adsorptive immobilization of inulinase on ul-
tra-crosslinked sorbents makes it possible to reuse the
heterogeneous biocatalyst obtained in the enzymatic
production of fructose. Protein adsorption was carried
out on the polymeric sorbent [26], mesoporous silica
[27].

In Babanina et al [28], methods for obtaining med-
ical clays intercalated with Analgin and Amoxicillin are
presented, as well as the influence of the synthesis meth-
ods (coprecipitation and hydration) on the degree of in-
tercalation and the kinetics of release of active anions are
considered. The advantages and disadvantages of using
medical clays for oral drug delivery, prolongation of the
release and purposefulness of the action of the medicinal
substance included in the structure of medical clays, a ra-
tional choice of the type of clay as a carrier of medicinal
substances are reflected in the works by different scolars
[29-32].

The development of carbon sorption drug nanosys-
tems for use in veterinary practice and the study of their
physicochemical and toxicological properties are pre-
sented in Pyanova et al [33].
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Polymer carriers, in addition to their use in gastro-
enterology, are widely used in ophthalmology and sur-
gery [34]. The method of obtaining films and capsules by
alternating adsorption of oppositely charged polyions in
order to obtain sorption medicinal systems based on chi-
tosan, alginates and albumin are presented in Makarevich
et al [35-36].

The sorption drug system has been developed in the
form of a contact lens with a prolonged therapeutic effect
with the use of computer programming. The dynamics of
adsorption and desorption of the drugs have been con-
sidered, the time of saturation and therapeutic effect of
the lens, i.e. the wearing time during which the drug was
transported from the lens and exerted therapeutic effect
has been determined [37—41].

The technology of creating the polymer-doxorubi-
cin drug sorption system is presented in [42—43]. Sorbed
doskorubitsin on the surface of the polymer stent slows
down crystallization of bile. Polycaprolactone polymer is
a carrier of doxorubicin and is effective in the treatment
of cancer.

Researchers from Helsinki University and the Institute
of Theoretical and Experimental Biophysics of the Russian
Academy of Sciences have created a bone carcass based on
hydroxyapatite, gelatin, polypyrrole and mesoporous silica.

The carcass contains adsorbed antibiotics which suppress
the infection in the damaged bone and help cells-reducers
to work. The adsorption of antibiotics allows them to stretch
their release from the carcass to 4 months [44].

Thus, the use of polymers as bases for sorption
drug systems is aimed at obtaining controlled pharma-
cokinetics of sorbed drugs [45]. The release of drugs is
due to the processes of mass transfer of drugs from the
surface of the polymer. When creating polymer sorption
drug systems, the polymer is chosen on the basis of the
following properties: biocompatibility, biodegradability,
physical properties, porosity, specific surface, type and
pore volume, which make a controlled release of the drug
possible. Currently, polymeric sorption drug systems are
used in the development of materials for stents, ophthal-
mic films, as well as other systems with targeted drug
delivery [46-51].

The review of the literature has shown the wide-
spread use of sorption processes in the technology of
drug delivery systems. The following sorbents are used
as carriers for various substances: activated carbon, min-
eral sorbents (medical clays) synthetic sorbents (poly-
mers and their combinations). Fig. 1 shows the recom-
mended structure of the sorption drug system (sorption
drug system — “SDS”).

Sorption drug
system "SDS"

| |
Active | Release
Sorbent-carrier pharmaceutical | controlling
ingredient — API | Excipient

Figure 1. Structure of the sorption drug system

The structure of the sorption drug system consists
of a sorbent carrier, an active pharmaceutical ingredient
and excipients that provide desorption. Desorption of
the active pharmaceutical ingredient may contribute
to its modified release. This effect provides a constant

Tom 7, Beinyck 1, 2019

therapeutic concentration, the known release rate,
elimination of side effects, and stability augmentation
[52-54].

Fig. 2 shows the pharmacokinetic model of drug
release according to the dose.
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Figure 2. Pharmacokinetic model of drug release

As Figure 2 shows, the dosage form with controlled
release is rational, as the active substance is able to
have a clinical effect with a pharmacokinetic profile

that is different from the one achieved with the use of

Gastrointestinal tract

Blood system

. -Sorbent

<> -Immobilized substance

e h——=

the dosage form with immediate release at a single or
double dosage.

Fig. 3 shows the mechanism of the sorption drug
system action of the use per os.

e oo

<SS o

Figure 3. Mechanism of the sorption drug system action of the use per os

As Fig. 3 shows, the sorption drug system desorbs
immobilized drug, which, accumulating near the intestinal
wall, is absorbed into the blood when ingested into the
gastrointestinal tract. The use of carrier sorbents will allow
modification of drug release. The following factors may
influence the release of drugs: the surface structure of the
sorbent carrier, the concentration of drugs in the carrier, type
of dosage form, surface area, pore size, adsorption activity.

In the technology of obtaining sorption medicinal
systems for use per os, it is possible to use only
registered pharmaceutical substances with an adsorption
pharmacological action. Based on the analysis, the
following groups of pharmaceutical substances permitted
for use in medical practice, were identified (Table 1)
[55-56].
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Table 1. Characteristics of the main groups of sorbents

Ne Group Characteristic Specific
surface area
1 2 3 4

Obtained from stone coals by cleaning and steaming to increase porosity. It

1 i, 2
I Activated Carbon has a highly developed microporous surface 1,5-200 m*/g
Prepared from mineral raw materials by purification. It has a mesoporous ub to 600
2 Dioctahedral Smectite surface. Due to the structure of the crystal lattice it has an ion-exchange P 2/
ability g
3 Colloidal Silicon Prepared from highly dispersed silica. It shows sorption properties on the up to 400
dioxide surface in the places of silicon oxide bonding with hydroxyl groups m?/g
4  Hydrolyzed Lignin Obtained by alkaline processing of lignin. It has a macroporous structure up to 20 m?/g
5 g e Prepared synthetically from the monomer vinylpyrrolidone. Possesses ion- 200-400 m?/g

exchangeable capability

Polymethylsiloxane-
polyhydrate

Prepared by polycondensation of methylsilicic acid hydrogel. It has a
silicone porous structure. Sorbs medium molecular substances.

180-300 m*/g

As Table 1 shows, the 6 groups of pharmaceutical
substances are registered in Russia and used in the
manufacture of enterosorbents. The following sorbents
can be used as carriers: activated carbon, dioctahedral
smectite, colloidal silicon dioxide, polyvinylpyrrolidone
and polymethylsiloxane polyhydrate. Sorbents have
different specific surface indicators. This indicator
characterizes the amount of sorption processes on their
surface, they can occur simultaneously. Hydrolyzed
lignin is obtained in the form of secondary raw material
after hydrolysis of hardwood and softwood. Lignin has a
macroporous structure.

Medical refined clays are used as carriers, using
surface hydroxyl groups for sorption of organic
substances, as well as active centers inside the crystal
lattice for sorption of inorganic substances. Currently,
developed polymer sorption drug systems have limitations
in vivo due to the biodegradation processes, unexplored
metabolism, low solubility or insolubility and toxicity.
To solve these problems, additional studies of polymers
as carriers for sorption drug systems are required.
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Biologically active sulfur-containing compounds (BASC) exhibit pronounced antioxidant properties. Glutathione reduced
(GSH) occupies a particular position among these compounds. It represents a key link in the 3 antioxidant systems of the
body from the existing four. Based on the foregoing, a GSH-based dosage form with antioxidant properties was proposed.
The aim of this study is to work out a model granulated dosage form based on GSH and methods of its analysis by means of
pre-column derivatization with ortho-phthalic aldehyde. Materials and methods. GSH and granulated dosage form based on
GSH obtained by wet granulation were used as the object of the study. Quantitative evaluation of GSH content in the obtained
granules was carried out using pre-column derivatization by the method of reversed-phase high-performance chromatography
(RP HPLC). Ortho-phthalic aldehyde was used as a derivatizing agent. A diode-array detector was used to detect the resulting
derivative. Ortho-phthalic aldehyde was used as a derivatizing agent. A diode-matrix detector was used to find out the resulting
derivative. Results. In the course of the work, a model dosage form was created — granules based on GSH. By reference to
the recommendations on the dosage of the drug, the concentration of the active substance was selected. Lactose was chosen
as an auxiliary component. Physical and technological characteristics of a model sample of granules with GSH and lactose
as a filler were studied. A method of quantitative determination of GSH in granules using pre-column derivatization with
ortho-phthalic aldehyde was developed and validated by HPLC. The method of quantitative determination of GSH in granules
with the use of pre-column derivatization by ortho-phthalic aldehyde by HPLC was developed and validated. Conclusion.
The developed granulated dosage form meets the requirements given in the pharmacopoeial item “Granules” according to
the analyzed indicators. Using the validation evaluation it was established, that the developed methods for the quantitative
determination of GSH in granules is correct, precise and specific.

Keywords: reduced glutathione, ortho-phthalic aldehyde, granules, reverse phase high performance liquid chromatography,
derivatization, validation
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buonocuuecku axmuenwvle cepocodepoicawue coedunenus (BACC) npossnsiom sapko eulpasicentvle AHMUOKCUOAHMHbLE C8OU-
cmea. Ocoboe nonogicenue u3 Yucia OaGHHbIX COeOUHeHUul 3anumaem arymamuotn eoccmanosnennviti (GSH). On npeocmag-
Jislem coboll Kn04egoe 36eHO 3-X AHMUOKCUOAHMHBIX CUCTEM OP2AHUIMA U3 CYUecmeylouux yemoipex. Mcxo0s u3 evluiecka-
3aHHO20, HaMU 6bLIA NPedNodceHa TeKkapemeentas gopma Ha ochose GSH, obradarowas aHmuoKCUOAHMHBIMU CEOUCEAMU.
Lenvro 0anno2o uccnedosarnus 6semcst paspadbomra MOOeIbHOU ePAHYIUPOSAHHOU IeKapcmeeHHOU ¢opmbl Ha ocHoge GSH
U MEmMOOUKY ee AHANU3a ¢ NOMOWbIO NPEOKOIOHOYHOU 0epusamu3ayuu opmo-gmanesvim anvoecuoom. Mamepuanol u me-
moovl. B kauecmee obvexma ucciedosanus ucnonvzosanu GSH u epanynuposannyio nekapcmeentyto ¢popmy Ha ochogée GSH,
NOYYEHHYI0 MeMOOOM BIANCHO20 epanynupoganus. Oyenky Konuvecmsennoz2o cooepocanusi GSH 6 nonyuennvix epanynax,
NPOBOOUILCSL C HOMOUBIO NPEOKOJIOHOYHOU 0epUsamu3ayuy Memooom 0opaujeno-pasHo 6bICOK0IPGEKMUHOU Xpomamozpa-
Guu (OD BIJKX). B kauecmee Oepusamu3ypyroujeco azeHma ucnoib3068an opmo-gmanesulil anvoeeuo. /s oonapysicenus
0bpazosasuiecocs depusama ObLL NPUMeHeH OUOOHO-MampuyHbll demexkmop. Pesynemamut. B xooe pabomul 6vina co30ana
MoOenvbHas iekapemeennas popma — epanynvl Ha ochoge GSH. Hcxoos uz pexomenoayuii no 003upoeke npenapama nooo-
bpana Konyenmpayusi oelicmeylowezo eeujecmsa. B kauecmse 6cnomozamensHo2o KOMnoHeHma Ovlia 6blOpaHA 1AKMO3A.
H3zyuenvl guzuueckue u mexmonocuueckue xapaxmepucmuxu mooenvhozo obpasya epanyn ¢ GSH u naxmosoii 6 kauecmee
nanonnumens. Paspabomana u omeanuduposana memoouxa Konuvecmsentozo onpedenenusi GSH 6 epanynax ¢ ucnonv3o-
6aHUEM NPEOKOTOHOYHOU depusamusayuu opmo-gmanesvbim anvoecuoom memooom BOKX. 3axnwouenue. Pazpabomannas
2PAHYIUPOBANHAS IeKAPCMBEHHAS (hOPMA NO AHATUZUPYEMBIM NOKA3AMENAM COOMBEMCmaEyem mpebo8aHusm, npUeoeHHbIM
6 ODC «I panynvry. [lpu nomowu 6a1UOAYUOHHOU OYEHKU YCMAHOBILEHO, YMOo Paspabomantas MemoouKa KOIUYeCmeeHHO20
onpeoenenus GSH 6 epanynax sensaemcs npasuibHol, NPEYUUOHHOU U CReYUPDUUHOIL.

Kniouesvie cnosa: 2nrymamuon 60ccmanognenmbviii, opmo-Qmanesulil arboezud, 2panyivl, 00pawénno-Qaznas 6bICOK0IGh-
DeKmuUBHAsL HCUOKOCMHASL Xpomamozpapusi, depueamuzayus, 6aruoayus

INTRODUCTION

Reduced glutathione (GSH) is Tripeptide contain-
ing amino acid residues of L-glutamic acid, glycine and
L-cysteine. GSH is one of the non-enzymatic compo-
nents involved in the antioxidant protection of living
organisms. It acts as an effective antiradical agent and
plays a key role in the life cycle of cells, causing their
protection from free radicals, hydroperoxides and xe-
nobiotics [1, 2]. GSH status is an indicator of cell func-
tionality and viability [3, 4]. The exhaustion or change
of its level inside the cell provokes a number of diseases
such as cancer, neurodegenerative, cardiovascular [5, 6].
In vitro and in vivo studies confirm that GSH deficiency
can cause cell death and mitochondrial damage due to an
increase in the number of toxic forms of oxygen and an
increase in the number of free radicals [7]. GSH is able
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to prevent the destruction of cells by conjugation with
toxic substances and their metabolites. Glutathione con-
jugation occupies one of the central places in the mech-
anisms of biotransformation of a number of xenobiotics
[8-10]. Nowadays, more than forty types of chemical
compounds that react with GSH are known. The mating
factor of such reactions is the presence of an electrophil-
ic center capable of reacting with the SH-group of GSH
[11]. Consequently, the xenobiotic detoxification system
involving GSH plays a key role in the formation of the
body’s resistance to various influences and is one of the
most important defense mechanisms of the cell. Hereby,
GSH conjugates with xenobiotics are less reactive and
more hydrophilic than the initial substances, so they are
less toxic and eliminate from the body faster [12, 13].
GSH is also able to prevent the introduction of lipophilic
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toxicants into lipid bilayer membranes [14]. GSH has a
membrane stabilizing activity effect on the hepatocyte,
increases the activity of enzymes and promotes detoxifi-
cation and regenerative activity of the liver through the
neutralization of free radicals [15]. Taking into account
the spectrum of glutathione pharmacological activity, we
have proposed a dosage form with GSH, which has pro-
nounced antioxidant properties.

MATERIALS AND METHODS

As the object of the study, glutathione reduced (CAS
No. 70-18-8, EC No. 2007254, Applichem, Germany)
and the excipient, lactose, were used The choice of this
component is due to the possibility of its application as
a filler, a reagent and an agent that regulates some tech-
nological characteristics of the granules (stability, disin-
tegration, etc.).

Advantages of lactose as an excipient [16]:

— inert material, high purity, neutral color;

— moisture resistance;

— physical and chemical stability;

— it is well subjected to grinding and sieving;

— its high degree of crystallization, low degree of
amorphism.

The wetting angle of GSH with water is less than
90°, it is 45+5°, i.e. GSH is a hydrophilic substance, so
purified water was used as a humidifier in the model sam-
ple of granules.

To obtain a model sample of granules, a wet granu-
lation method was used. The procedure for the formation
of granules occurs as a result of pushing the moistened
mass through a perforated sieve.

The technological characteristics of the obtained
granules were determined on the basis of the following
techniques.

The degree of the granules flowability was estab-
lished by the method of the State Pharmacopoeia of Rus-
sian Federation (SPh), XIV-th edition (pharmacopoeial
item “Powder Flow”) using a V-12A (VZZTO) vibrating
device. The sizes of the obtained granules were deter-
mined using the sieve analysis in accordance with SPh,
XIV-th edition (pharmacopoeial item “Wet sieve residue
test”). The test of “disintegration” was carried out on the
“Swinging basket” disintegration tester in accordance
with SPh, XIV-th edition (pharmacopoeial item “Gran-
ules”). The results of the “Dissolution” test were noted
on the “Impeller” dissolution tester in accordance with
pharmacopoeial item 1.4.2.0014.15.

Quantitative determination of GSH in a granular
dosage form was performed by method of reverse phase
high-performance chromatography using pre-column
derivatization of this therapeutic agent by ortho-phthalic
aldehyde [17].

Tom 7, Beinyck 1, 2019

The analysis was performed on the chromatograph
“Agilent Technologies 1200 Infinity” with automatic
sampler, vacuum microdoser, gradient pump and ther-
mostat. The gradient chromatography conditions were:
mobile phase (A) — 1% aqueous solution of formic acid,
(B) — ethyl alcohol 95%; column: Ascentis express C18
2.7 dm x 100 mm X 4.6 mm; mobile phase speed — 0.5
ml/min.; column temperature was +35+0.01°C; sample
volume — 1 pl.

GSH lacks the chromophores suitable for its analysis
by UV spectroscopy and HPLC with diode array detec-
tion. In this regard, we proposed the analysis of GSH by
HPLC using chemical transformation with a derivatizing
agent — ortho-phthalic aldehyde. As a result of the reac-
tion, the obtained derivative of GSH and ortho-phthalic
aldehyde acquires a chromophore label, which is fixed
during chromatographic analysis using diode-matrix de-
tection.

GSH has no chromophores suitable for its analysis by
UV spectroscopy and HPLC with diode-matrix detection.
In this regard, we propose the analysis of GSH by HPLC
method by its chemical transformation by derivatizing
agent-ortho-phthalic aldehyde. As a result of the reaction,
the resulting GSH derivative and ortho-phthal aldehyde
acquires a chromophore label, which is fixed during chro-
matographic analysis by diode-matrix detection.

Derivatization methods

of glutathione-based granules

1 ml of a 0.1% solution of glutathione granules in
a 0.05 M of aqueous solution of sodium tetraborate was
placed in a 10 ml analysis bottle, 1 ml of a 0.35% solution
of o-phthalaldehyde in ethanol was added, shaken thor-
oughly and immediately chromatographed.

Preparation of model test solutions

for validation assessment methods

The characteristics of correctness and precision were
investigated on model samples of the preparation with
glutathione concentrations that correspond to 80%, 85%,
90%, 95%, 100%, 105%, 110%, 115% and 120% of their
content relative to the nominal value. For the preparation
of model samples of the drug a volumetric flasks with a
capacity of 25 ml was used. The batches were taken di-
rectly from the components of the drug. The mass of the
batches and the concentration of the resulting solutions
of glutathione are shown in Table 2.

RESULTS AND DISCUSSION

On the base of the experimental data obtained, a
model dosage form — granules based on glutathione —
was created. The concentration of active substances was
selected by reference to the recommendations of the
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dosage of the drug (0.05-0.5 g). The composition of the
granules in a single-dose package (3.0 g) is as folows:
glutathione 0.1 g, lactose 2.9 g. At the next stage, organo-

leptic, physical and technological parameters of granules
based on glutathione were determined. The results of the
study are presented in Table 1.

Table 1. Pharmaceutical and technological characteristics of granulated model dosage form based on GSH

Indicator under study Methods of determination Values obtained experimentally

Reference values

Granule size Pharmacopoeial item

1.1.0015.15

1.0-1.2 mm

Coarse fraction:> 1.2 mm
Average fraction: 1.2 mm
Fine fraction: 1.0 mm

Granule form Pharmacopoeial item

1.2.1.0009.15

Anisodiametric (elongated)

Elongated: >3:1
Lamellar: 3:1
Equiaxed: 1:1

Pharmacopoeial item

460.10 +1.31 kg/m3

Very heavy: >2000 kg/m3
Heavy: 1100-2000 kg/m3

s ey 1.42.0016.15 (Light) Mediam: 6001100 kg/m3
Light: <600 kr/m3
Excellent: 8.6—-12.0 g/sec
Good: 6.6-8.5 g/sec Satisfactory: 3.0-6.5
Flowability Pharmacopoeial item 7.14 +£0.25 g/sec g/sec
1.4.2.0016.15 (Good) Permissible: 2.0-3.0 g/sec
Poor: 1.0-2.0 g/sec
Very poor: <1,0 g/sec
Disintegration Pharmacopoeial item . Up to 15 min.
1.4.2.0013.15 G
. Pharmacopoeial item o Mot less than 97%
Stability 1.4.2.0004.15 98.5+0.5%
Glutathione L 0 75%
release Pharmacopoeial item 99.94£0.50% (during 45 min.))

1.4.2.0014.15

(during 15 min.)

Highly water soluble: up to 1 ml/g
Freely soluble: 1-10 ml/g
Soluble: 10-30 ml/g;

e Sparingly soluble:
Water rssrllilljellslty of Pharmacopoeial item Soluble (1:30) 30-100 ml/g
& 1.2.1.0005.15 : Slightly soluble:
100-1000 ml/g;
Very slightly soluble:
1000-10000 ml/g
Practicaly insoluble: more than 10000 ml/g
Weight loss on drying ~ Pharmacopoeial item o
1.2.1.0010.15 1.3=1%
Uniformity of dosing Pharmacopoeial item I
1.4.2.0008.15 ! Progress
Glutathione Re\;ef;sceigrl;alsie ililghly
content, g 4 100.09+0.39%
chromatography
100.0+0.39%

According to the data of Table 1, glutathione-based
granules are elongated particles of 1.0-1.2 mm. They be-
long to light grains and have a satisfactory flowability.
According to the indicators given in the pharmacopoeial
item “Granules” (disintegration, uniformity of dosage,
dissolution) this dosage form meets the requirements.
Glutathione-based granules can be used to fill capsules,
as well as an independent dosage form. The worked out
granules are soluble and highly soluble in warm water.
Glutathione-based granules are an oral dosage form with
preliminary dissolution in liquid.

For the purpose of quantitative determination of glu-
tathione recovered in a granulated dosage form, a method

16

for pre-column derivatization with ortho-phthalic alde-
hyde has been developed. Derivatization with the specified
modifier usually occurs within 2-3 minutes. The resulting
product is easily detected using a diode array or a fluori-
metric detector. The wavelength of the resulting derivative
is usually A — 337 nm. The molar ratios of o-phthalalde-
hyde and glutathione are 3.5: 1. When chromatographing
OPHA -derivative of glutathione, there is one peak with a
retention time of 18.066 minutes. The UV spectrum of the
derivative exhibits several absorption maxima, the most
specific of which is Amax — 336 mn. At the same time, the
peak of the derivatizer itself is not visible, due to a differ-
ent maximum absorption of the derivative (Fig. 1).

Volume VI, Issue 1,2019
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Figure 1. UV spectrum of o-phthalaldehyde derivative with GSH at the wavelength of 336 nm
in a granulated dosage form

To confirm the possibility of using the proposed
method of identification and quantitative determination
of glutathione by the method of pre-column derivatiza-
tion with ortho-phthalic aldehyde in granules, a valida-
tion assessment was carried out according to the char-
acteristics: specificity, linearity, convergence (precision)
and correctness [18].

Validation parameters of correctness, precision and
linearity were studied on the preparation solutions with

glutathione concentrations in the range of 80—120% of the
nominal content of in granulated glutathione. This covers
the whole range of concentrations and determines the mini-
mum permissible concentration of the methods for quantita-
tive determination [19].

The acceptance criteria were calculated for b=10%,
therefore, the maximum value of the total uncertainty of
the results of the methods (A, ) should not exceed the
value of Bx0.32=3.2% [20].

Table 2. Mass of the batches and concentrations of glutathione reduced in model granulated samples

Number Mass of the preparation batches Content of glutathione reduced ~Concentration of glutathione reduced rela-
of model sample — granules with glutathione, g in the batch, g tive to nominal, %
1 0/6022 0.02000 80.41
2 0/6360 0.02120 85.42
3 0.6760 0.02250 90.85
4 0.7125 0.02370 95.07
5 0.7512 0.02500 100.02
6 0.7875 0.02620 105.20
7 0.8265 0.02755 110.03
8 0.8630 0.02876 114.96
9 0.9012 0.03000 119.92

The results of chromatography, the values of cer-
tain concentrations of glutathione in model samples and
the calculation of the metrological characteristics of the
methods are presented in Table 3.

From the information given in Table 3 it follows, that
the methods of quantitative determination of glutathione
does not have a statistically significant systematic error.

Tom 7, Beinyck 1, 2019

Thus, validation tests of the methods of quantitative de-
termination of glutathione in granules by the method of
pre-column derivatization with ortho-phthalic aldehyde
showed that the validation parameters correspond to the
accepted quantitative criteria for correctness, convergence
in the concentration range from 80% to 120% of the nomi-
nal glutathione content in the granulated dosage form.
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Table 3. Validation results of the methods for quantitative determination of glutathione
in model solutions of granules

Solution % of Glutathion.e taken, compared % of Glutathione found, compared tq the Glutat.hione found tO.
number to the concentra.tlon of the reference concentration of the reference solution Glutathione taken ratio
solution (X,%) (Y,%) Z =100*(Y/X)
1 80.41 80.39 99.98
2 85.42 85.49 100.01
3 90.85 90.78 99.92
4 95.07 95.23 100.17
5 100.02 100.21 100.19
6 105.20 105.01 99.82
7 110.03 110.18 100.14
8 114.96 115.15 100.17
9 119.92 120.36 100.37
Average, Z, % 100.09

Relative standard deviation, S , % 0.17%
Relative confidence interval, A, % =t (95%, 7)*S, 0.39
Critical value for convergence of results, maxA, , %, at B£10% 32
Systematic error, 6 = ZCP—IOO 0.09
Criterion of insignificance of the system error 6<A/3 In progress
General conclusion about the methods Correct

CONCLUSION

In the course of the work, a model dosage form
was created — glutathione-based granules. Physical
and technological characteristics of the model sam-
ple of granules with GSH and lactose as a filler have
been studied. Methods of quantitative determination of
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The aim of the paper is to assess the change in the mitochondrial respirometric function under conditions of various patholo-
gies. Materials and methods. The study was performed on male Wistar rats. Experimental focal cerebral ischemia, traumatic
brain injury, coronary occlusive myocardial infarction and muscle dysfunction were used as pathological models. Focal
ischemia was reproduced by the method of irreversible thermocoagulation of the middle cerebral artery. Traumatic brain
injury was modeled by the method of free fall of the load. Experimental myocardial infarction was reproduced by ligating the
descending branch of the left coronary artery. Muscle dysfunction was modeled by the method of «forced swimming with a
20% burdeny. The respiratory function of mitochondria was assessed by the method of respirometry by the change in oxygen
consumption when introducing mitochondrial respiration into the medium: Oligomycin, Rotenone and FCCP. Additionally, we
evaluated the intensity of the glycolysis process and the activity of respiratory complexes I, II, IV and V. In order to compre-
hensively assess the respiratory function, an ELISA study was conducted to determine the concentration of ATP, mitochondrial
ATP synthetase, cytochrome C oxidase and NADP-Oxidase 4. Results. In the course of the study it was established that un-
der conditions of experimental cerebral ischemia, traumatic brain injury, myocardial infarction and muscle dysfunction, the
ATP-generating ability of mitochondria the maximum breathing and respiratory capacity deteriorated, herby the decrease in
overall respiratory function was accompanied by an increase in glycolysis, which was uncompensated, as well as dysfunction
of mitochondrial complexes I, I, IV and V, confirmed by an increase in NADPH oxidase 4 activity and a decrease in cyto-
chrome C oxidases and ATP synthetase. As a result, the observed changes in mitochondrial respiration function contributed to
a decrease in ATP concentration under conditions of cerebral ischemia - by 3.2 times (p <0.05), traumatic brain injury — by
2.6 times (p <0.05), myocardial infarction — by 1.8 times (p <0.05) and muscle dysfunction — by 4 times (p <0.05). Conclu-
sion. Basing on the data obtained, we can assume that in conditions of cerebral ischemia, traumatic brain injury, myocardial
infarction and muscle dysfunction, there is deterioration of the mitochondrial respirometric function with inhibition of ATP
synthesis and increased glycolysis.

Keywords: cerebral ischemia, myocardial infarction, traumatic brain injury, muscle dysfunction, respirometry
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Lens uccnedosanusn — oyenumsv usmMeHeHue peCnUPOMempudeckoll GYHKYUY MUMOXOHOPULL 8 YCIL0BUAX PANUUHBIX NAMONO0-
euii. Mamepuanvt u memooul. Hccrneoosanue 8einoineHo Ha kpvicax camyax aunuu Wistar. B kauecmee mooenvnvix namo-
Jo2utl 8 pabome UCHONL30BANU IKCNEPUMEHMATLHYIO (YOKATLHYIO UUEMUI0 20I08HO20 MO32d, YePenHO-MO3208)10 Mpasmy,
KOPOHAPOOKKAIO3UOHHDLI UHGAPKM MUOKAPOA U MbluedHylo ouc@yrkyuio. PoKanbHyo umemuo 60CHpPOU3B00ULU Memooom
Heobpamumoll mepmoKoazyisyuu cpeoHell Mo32060u apmepuu. Yepentno-mo3208y10 mpasmy mMooenuposau Menooom c80600-
HO020 nadenus epy3a. IKCnepUMEHmManbHblll UHDAPKM MUOKAPOA BOCHPOU3BOOUNU TULUPOBAHUEM HUCXOOWell 6emBU 1e6oll
Koponapnoi apmepuu. Muluieunyio oucgynkyuio Mooeauposan Memooom «npunyoumensro2o niasanus c 20% omseowjenu-
emy. [vixamenviyio yyHKYuio MumoxoHopuil OyeHusatu MemoooM pecRupomMempuu no U3MeHeHuIo NompedieHUs KUCI0pood
npu 8HeceHuU 8 cpedy pazoobuumerneli MUMOXOHOPUATbHO20 ObiXanus: onueomuyut, pomenon u FCCP. [Jononnumenvho oye-
HUBANU UHMEHCUBHOCIb NPOYECCa 2IUKOTU3A U AKMUBHOCMYb ObixamenbHblx komniexcos I, I, IV u V. C yenvio komnaekcHotl
OYeHKU pechupomempuyeckoll pyrkyuu nposoounu UPA-uccredosanue ¢ onpedeneruem konyenmpayuu ATD, mumoxonopu-
anvuou ATD-cunmemasvl, yumoxpom-c-oxcuoazvl u HAJD-oxcuoasvr 4. Pesynomamsl. B x00e npogedenus ucciedosanus
VCMAHOBNIEeHO, YMO 8 YCI0BUAX IKCNEPUMEHIMANLHOU UeMUU 20I08HO20 MO32d, YePenHO-M0320801 MPAMbl, UHGAPKMa Mu-
oxapoa u mvlueuHoll ouchynkyuu ommeuero yxyouienue ATD-eenepupyioweri cnocobHoCmu MUmoxoHopul, MaKCUMAantbHO20
VPOBHS ObIXAHUS U PECRUPAMOPHOL eMKOCHU, NPU SMOM CHUJICEHUe 0bujell pecnupomMempuieckol QyHKyuu conposoicoa-
J10Cb ycuneHuem npoyeccos 2AUKoIU3d, KOmopoe HOCUNO HeKOMNEeHCUPOBAHMbLIL Xapakmep, a makice OUC@YHKYuel Mumo-
XoHOpuanvhvix xomnaexcos I, I, IV u V, noomeepowcoaemoti yeenuuenuem axmusnocmu HAJ[D-oxcudasvl 4 u cuudicenuem
AKMUBHOCU YUMOXPOM-C-okcuoasvl u ATD-cunmemaswi. B umoee nabnioodaemvie usmenerus pecnupomempuiecko QyHKyuu
MUMOXOHOPULL CROCOOCMBO8ANU YMeHbLUeHUI0 Konyenmpayuu ATD 6 ycrosusx yepebpanvhou uwemuu — 6 3,2 paza (p<0,05),
uepento-mo32060t mpasmul — 8 2,6 paza (p<0,05), ungpapxma muoxapoa — 6 1,8 paza (p<0,05) u meiweuroi oucghyrkyuu —
6 4 paza (p<0,05). 3aknrouenue. OcHosvl8AACH HA NOTYHUEHHBIX OAHHBIX MOJICHO NPEONONOANCUTND, YMO 8 YCI0BUAX UUEMUU
20JI08HO20 MO32d, YEPENHO-MO32080U MPAMbI, UHDAPKIMA MUOKAPOA U MBIUEYHOU OUCQYHKYUU HAOII0O0aemcs: yXyouleHue
pecnupomempuyeckoli hyHKYuu Mumoxonopuii ¢ yenemenuem cunmesa AT® u ycunenuem npoyeccos 2nukoiu3sd.

Knrouesvle cnoga: uwemus 201061020 M0O32d, UHDAPKM MUOKAPOA, YePEenHO-MO3208a5 MPABMA, MbIUEUHAS. OUCHYHKYUS,
pecnupomempus MUMOXoHOpUl

INTRODUCTION

Mitochondria are cellular organelles, the main
sources of energy in the cell, which also play a signif-
icant role in regulating the processes of caspase-depen-
dent and caspase-independent pathways of apoptosis and
redox signaling of the cell [1]. In accordance with this,
three leading mitochondrial functions are distinguished:
respirometric, i.e. ensuring the synthesis of macroergs in
the process of redox reactions in the electron-transport
mitochondrial respiratory chain [2]; apoptosis-regulat-
ing, i.e. regulation of the initiation and progression of
the apototic signal [3] and antioxidant, i.e. inactivation
of free radicals [4]. At the same time, the main func-
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tion of mitochondria is respirometric, which provides
the relationship between the redox state of the cell and
the activation of proapoptotic molecules [5]. Currently,
it has been established that the number of “mitochon-
drial diseases”, the pathogenesis of which is associated
with impaired functional activity of mitochondria, com-
prises ischemic stroke, Alzheimer’s disease, traumatic
brain injury, ischemic heart disease and myocardial in-
farction, muscle fatigue [6]. In the scientific literature
it is reported that in the pathogenesis of these diseases,
one of the central roles is assigned to the energy defi-
cit that occurs when there is mitochondrial dysfunction
[7]. At the same time, the reduction in the formation of
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macroergic compounds is inseparably linked with the
disruption of electron transport in the respiratory chain
of mitochondria and the dissociation of the reactions of
subcomplexes I, I, IV and V, which leads to the activa-
tion of glycolysis and a significant decrease in ATP syn-
thesis [8]. In addition, dysfunction of complexes I and II
contributes to the redistribution of oxygen flow towards
the formation of prooxidants, in particular the superox-
ide radical [9] and a decrease in the formation of ATP
leads to the activation of the caspase-dependent pathway
of apoptosis [10]. At the same time, the intensification
of anaerobic oxidation processes leads to the accumula-
tion of non-oxidized products of metabolism. That shifts
the intracellular pH value in the acidic direction. Under
current conditions, activation of pro-apoptotic signaling
molecules (proteins of the Bid / Bax family) is noted,
triggering a caspase-independent pathway of apopto-
sis, which enhances cellular destruction [11]. Thus, the
assessment of the change in mitochondrial respiration
function under conditions of various pathologies may be
the basis for the development of mitochondrial disease
treatment strategies, which can eliminate energy deficit
and associated apoptosis and oxidative modification of
cellular structures.

MATERIALS AND METHODS

Biological model

The study was performed on 50 male Wistar rats
weighing 220-240 grams, obtained from the nursery of
laboratory animals “Rappolovo”. The contents and all
animal manipulations complied with the requirements
of the European Convention for the Protection of Verte-
brate Animals used for experiments and other scientific
purposes (Strasbourg, 1986). The rats were housed in
macrolon cages, where granulated wood faraction was
used as litter at the relative humidity of 60 + 5% and the
air temperature of 22 + 20°C. The feed and water were
received by the animals in the free access. During the
study, the following experimental groups were formed:
intact animals (n = 10), the rats with reproduced cerebral
ischemia (n = 10), TBI (n = 10), myocardial infarction
(n=10) and muscle dysfunction (n = 10).

Model of focal cerebral ischemia

Focal cerebral ischemia was modeled by irreversible
right-sided thermocoagulation of the middle cerebral ar-
tery under chloral hydrate anesthesia (350 mg / kg). The
area below and to the right of the eye was depilated, an
incision was made. The soft tissues were moved apart,
exposing the process of the zygomatic bone, which was
removed. Then a trephine opening was burred and the
middle cerebral artery was burned through by a thermo-
coagulator under its intersection with the olfactory tract.
Later on , the topography of soft tissues was restored as
far as possible. The suture was treated with a 5% iodine
solution [12]. The biomaterial was sampled on the 4th
day after the reproduction of focal ischemia.

22

Model of experimental traumatic brain injury

Traumatic brain injury was modeled by the method
of a free fall of load of 150 g from a height of 50 cm
to the parietal region of the brain of rats. The animals
were placed in a special installation, which is a hollow
cylinder with backing and retainers, in which the head of
rats was fixed. After hat the load was released [13]. The
biomaterial was sampled on the 4th day after the repro-
duction of the TBI.

Muscle Dysfunction Model

Muscle dysfunction was reproduced by the method
of “forced swimming with 20% weight” after determin-
ing the initial value of the swimming time, the animals
were subjected to training tests for 28 days (the swim-
ming time was 20% of the initial index). On days 7, 14,
21, and 28, the rats were subjected to the exhausting
test — swimming until they completely abandoned the
struggle for life, after which the animals were taken out
of from the water. The biomaterial was taken on day 28
[14].

Model of acute myocardial infarction

In animals under conditions of chloral hydrate anes-
thesia (350 mg / kg) and artificial ventilation of the lungs,
the skin on the previously depilated area was cut in the
sternum area and the muscles were dissected. Next, the
IV rib was isolated, and the chest was opened. The myo-
cardium was separated from the epicardium and the heart
was led into the wound. Subsequently, the ligation of the
descending branch of the left coronary artery with silk
thread was carried out. The wound was sutured in layers.
The biomaterial was taken 24 hours after the operation
[15].

Biomaterial sampling and sample preparation

Brain, myocardium and muscle tissue (m.quadriceps
femoris) of the rats were used as biomaterial. The ani-
mals were decapitated under chloral hydrate anesthesia
(350 mg/kg), their organs were harvested. After that the
biomaterial was homogenized in a mechanical homoge-
nizer in a selection medium (1 mmol EDTA, 215 mmol
mannitol, 75 mmol sucrose, a 0.1% BSA solution, 20
mmol HEPES, with a pH of 7.2). The cell population was
obtained by differential centrifugation, for which the ob-
tained biogenic homogenate was centrifuged in the mode
of 1.400 g — 3 min. at 40°C. After that the supernatant
was transferred into 2 ml tubes. Next, the resulting su-
pernatant was centrifuged at 13000 g — 10 min and the
supernatant (the culture contains native mitochondria)
was removed for analysis [16].

Respirometric analysis

The analysis of the state of the mitochondrial respi-
ratory function was carried out by the method of respi-
rometry using the AKPM1-01L laboratory respirometer
system (Alfa Bassens, Russia). The mitochondrial respi-
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ratory function was assessed by the change in the oxygen
consumption in the medium against the introduction of
mitochondrial respiratory uncouplers. The latest in the
experiment were: Oligomycin 1 pg/ml; 4 — (trifluorome-
thoxy) phenyl) hydrazono) malononitrile (FCCP-1 uM);
rotenone — 1 uM; sodium azide — 20 mmol. The oxidation
substrates were: glucose — 15 mmol; pyruvic acid — 10
mmol; malate — 1 mmol; succinate — 10 mmol; ascorbate
— 2 mmol; ADP — 1 mmol; N, N, N ¢, N’-tetrameth-
yl-1,4-phenylenediamine (TMPD- 0.5 mmol). The over-
all assessment of mitochondrial function was determined
by the level of oxygen consumption in the medium after
sequential addition of oligomycin, FCCP and rotenone to
the medium, and the ATP-generating ability was deter-
mined (by the difference in oxygen consumption after the
addition of FCCP and oligomycin); the maximum lev-
el of respiration (according to the difference in oxygen
consumption after the addition of FCCP and rotenone)
and the respiratory capacity (according to the difference
in oxygen consumption after the addition of FCCP and
the basal level of oxygen consumption). The activity of
glycolysis processes was evaluated when glucose was
used as an oxidation substrate during the registration of
oxygen consumption under the conditions of sequential
addition of glucose, oligomycin and sodium azide to the
medium. The intensity of glycolysis was determined ac-
cording to the difference in oxygen consumption after
adding glucose and the basal level of oxygen consump-
tion; the intensity of glycolytic capacity was determined
according to the difference in oxygen consumption after
adding oligomycin and glucose; and the intensity of gly-
colytic reserve was determined according to the differ-
ence in oxygen consumption after adding glucose and
sodium azide. Additionally, the activity of complexes I,
II, IV, and V of the mitochondrial respiratory chain was
evaluated. The activity of complex I was determined by
the difference in oxygen consumption after adding the
malate / pyruvate and rotenone mixture to the medium.
The activity of complex II was evaluated by the differ-
ence in oxygen consumption after adding succinate and
oligomycin to the medium. The activity of complex IV
was determined by the difference in oxygen consumption
after adding the mixture of rotenone / TMPD / ascorbate
and sodium azide to the medium. The activity of com-
plex V was evaluated by the difference in oxygen con-
sumption after adding rotenone and ADP to the medium.
During the analysis, the biosample volume was 275 pl,
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and 25 pl of injected analyzers. The oxygen consumption
was determined in ppm [19].

ELISA — study

In this study, the concentration of ATP, mitochon-
drial ATP synthetase-(mATP), cytochrome C oxidase
(CoX), and NADP oxidase 4 (NOX4) were determined
by ELISA in the supernatants of the myocardial, brain
and muscle tissues. We used species-specific sets of re-
agents produced by Cloud clone corp. (USA). The sample
preparation and the course of the analysis corresponded
to the instructions attached to the enlistment.

Statistical analysis methods

Statistical analisys of the obtained results was per-
formed using the stat-analysis package STATISTICA 6.0.
The data were presented as M + SEM. The comparison of
medium groups was performed using the ANOVA meth-
od with the post-test of Newman-Keuls at p <0.05.

RESULTS

During the overall assessment of the mitochondrial
respiratory function under conditions of various patholo-
gies, it was found out that in rats with TBI and cerebral
ischemia (Fig. 1), compared with the intact animals, there
was a decrease in ATP-generating ability of mitochondria
by 1.75 times (p <0, 05) and by 4.6 times (p <0.05), re-
spectively. A decrease in the maximum level of respira-
tion and respiratory capacity relative to intact rats was also
noted in animals with cerebral ischemia by 2.85 times (p
<0.05) and by 2.13 times (p <0.05), respectively. Against
the background of the experimental traumatic brain injury,
the animals compared to intact rats, showed a decrease in
the maximum level of respiration by 1.77 times (p <0.05)
and respiratory capacity by 3.92 times (p <0.05).

Under conditions of myocardial infarction (Fig. 2)
in rats, there was a decrease in ATP-generating activity,
the maximum level of respiration and respiratory capac-
ity relative to the group of intact animals by 2.27 times
(p <0.05); by 2.98 times (p <0.05) and by 2.78 times (p
<0.05), respectively.

In rats, against the background of muscle dysfunc-
tion (Fig. 3) compared with intact animals, a decrease in
the maximum level of respiration, ATP-generating activ-
ity and respiratory capacity was observed by 3.28 times
(p <0.05); by 4.62 times (p <0.05) and by 2.13 times (p
<0.05), respectively.
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Figure 1. General assessment of mitochondrial respiration function under conditions of cerebral ischemia
and traumatic brain injury

Note: * — statistically significant relative to the group of intact animals (Newman-Keuls test, p <0.05)
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Figure 2. General assessment of the mitochondrial respiration function in experimental myocardial infarction

Note: * — statistically significant relative to the group of intact animals (Newman-Keuls test, p <0.05)
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Figure 3. General assessment of mitochondrial respiration function under conditions of muscle dysfunction

Note: * — statistically significant relative to the group of intact animals (Newman- Keuls test, p <0.05)

When assessing glycolytic processes under con-
ditions of various pathologies it was found out that in
animals with TBI and cerebral ischemia (Fig. 4) there
was an increase in glycolysis intensity compared to the
group of intact animals by 18.04 times (p <0.05) and by
23.89 times (p <0.05), respectively. At the same time, in
rats with experimentally reproduced cerebral ischemia,

a decrease in glycolytic capacity relative to the group of
intact animals was observed by 4 times (p<0.05), and the
level of glycolytic reserve got a negative value (Fig. 2).
Against the background of TBI in rats, in comparison
with the intact group of animals, the glycolytic capacity
and glycolytic reserve decreased by 22.6 times (p <0.05)
and by 6 times (p <0.05), respectively.
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Figure 4. Assessment of changes of the glycolysis process in experimental cerebral ischemia
and traumatic brain injury conditions

Note: * — statistically significant relative to the group of intact animals (Newman- Keuls test, p <0.05)
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Under conditions of myocardial infarction in exper-
imental animals (Fig. 5), the intensity of glycolysis pro-
cesses exceeded that of the intact group of animals by 17.3

14

(p <0.05) times, against the background of a decrease in
glycolytic capacity and glycolytic reserve by 9.25 times (p
< 0.05) and by 37.28 times (p <0.05), respectively.
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Figure 5. Assessment of changes in the glycolysis process in myocardial infarction conditions

Note: * — statistically significant relative to the group of intact animals (Newman- Keuls test, p <0.05)
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Figure 6. Assessment of changes in the glycolysis process in muscle dysfunction conditions

Note: * — statistically significant relative to the group of intact animals (Newman- Keuls test, p <0.05)
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In rats, against the background of muscle dysfunc-
tion (Fig. 6), in comparison with intact animals, an in-
crease in glycolysis intensity was observed, as well as a
decrease in glycolytic capacity by 3.55 times (p <0.05)
and by 2.35 times (p <0.05) , while the value of the gly-
colytic reserve took a negative value.

Evaluating the change in the activity of the mito-
chondrial respiratory chain complexes, it was found out
that in rats under conditions of cerebral ischemia (Fig.
7) a decrease in the activity of mitochondrial complex-

6

es I, II, IV and V was observed in comparison with the
intact group of rats by 4.8 (p <0.05 a) times; by 4.6
times (p <0.05); by 13.4 times (p <0.05) and by 9.33
times (p <0.05, respectively. Against the background
of experimentally modeled TBI (Fig. 7), in animals
relative to the intact group of rats, a decrease in the
activity of complex I by 2.17 times (p <0.05), complex
II — by 4.8 times (p <0.05), complex IV — by 11.1 times
(p <0.05) and complex V — 8.1 by times ( p <0.05) was
observed.

oxygen consuption, ppm
w

Complex|

Complexll

H Cerebralischemia

K TBI

Complex IV Complex V

H Intact animals

Figure 7. Evaluation of changes in the activity of the mitochondrial respiratory chain complexes under
conditions of experimental cerebral ischemia and traumatic brain injury

Note: * — statistically significant relative to the group of intact animals (Newman- Keuls test, p <0.05)

Under conditions of myocardial infarction (Fig. 8),
the animals showed a decrease in the activity of mi-
tochondrial complexes I, II, IV and V in comparison

with intact animals by 3.3 times (p <0.05); by 3.4 times
(p <0.05); by 11.1 times (p <0.05) and by 7.5 times
(p <0.05), respectively.
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Figure 8. Evaluation of changes in the activity of the mitochondrial respiratory chain complexes under
conditions of experimental myocardial infarction

Note: * — statistically significant relative to the group of intact animals (Newman- Keuls test, p <0.05)
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Figure 9. Evaluation of changes in the activity of the mitochondrial respiratory chain complexes under
conditions of experimental muscle dysfunction

Note: * — statistically significant relative to the group of intact animals (Newman- Keuls test, p <0.05)

In animals with muscle dysfunction (Fig. 9), the ac-
tivity of the respiratory complexes I, II, IV and V was 4
times lower in comparison with the intact rats (p <0.05);
3.6 times (p <0.05); 4.3 times (p <0.05) and 2.1 times (p
<0.05), respectively.

Assessing the change in the concentration of en-
zyme complexes characterizing mitochondrial func-
tion (Table 1), it was found out that NOX4 activity
increases in groups of animals with model patholo-

gies: cerebral ischemia, TBI, myocardial infarction
and muscle dysfunction compared to the group of the
intact rats by 15.8 times (p <0.05); by 10.2 times (p
<0.05); by 9.2 times (p <0.05) and by 6.1 times (p
<0.05), respectively. In animals with experimentally
reproduced cerebral ischemia, a decrease in CoX and
mATP activity was also observed relative to the group
of the intact rats by 2.9 times (p <0.05) and by 3.4
times (p <0.05), respectively.

Table 1. Change in the concentration of mitochondrial function markers under conditions
of various pathologies (ELISA study)

Group NOX4, ng/ml CoX, ng/ml mATP, ng/ml ATP ng/ml
liti6f Ernfioalis 1.240.014 46.97+0.695 98.6242.631 1172.34+10.291
(Brain)

TBI 12.23+0.237* 26.4+0.896* 36.3£1.917* 453.148.614%
(il kg 18.14£0.331* 16.3540.417* 20.1+1.118% 364.6147.924*
Intact animals 1,6£0.028 43.94+0.792 101.242.939 1233.149.144
(Myocardium)

Myocardial infarction 14.75+0.542* 28.6+0.991* 43.2+1.249* 662.4+5.271*
Intact animals 2.65+0.634 48.9140.541 109.24+1.712 1536.248.176
(Muscle tissue)

Muscle dysfunction 16.2£0.524+0.743* 27.5£0.335* 18.6:2.364* 379.65+6.928*

Note: * — statistically significant relative to the group of intact animals (Newman-Keuls test, p <0.05)

At the same time, in animals with TBI, the content
of Cox and mATP, in comparison with intact rats de-
creased by 1.8 times (p <0.05) and 2.7 times (p <0.05), ,
respectively. Under the conditions of myocardial infarc-

28

tion (Table 1), the rats showed a decrease in CoX and
mATP activity relative to the intact group of animals by
1.5 times (p <0.05) and by 2.3 times (p <0.05), respec-
tively. Besides, against the background of experimental

Volume VI, Issue 1,2019



Hay4HO-npakTn4eckuin xypHan

OAPMALIA 1
OAPMAKOSIOMS

OPUTI'HHAJIBHAA CTATBA
DOI: 10.19163/2307-9266-2019-7-1-20-31

muscle dysfunction (Table 1), the content of these en-
zymes also decreased (compared to the intact group of
rats: CoX — by 1.8 times (p <0.05); mATP — by 5.9 times
(p <0, 05)). It is quite important that the observed nega-
tive changes in mitochondrial function under conditions
of cerebral ischemia, TBI, myocardial infarction and
muscle dysfunction were accompanied by a decrease in
ATP concentration relative to intact rats by 3.2 times (p
<0.05); by 2.6 times (p <0.05); by 1.8 times (p <0.05) and
by 4 times (p <0.05), respectively.

DISCUSSION

Currently, it has been established that a significant
number of pathologies are associated with the develop-
ment of mitochondrial dysfunction [18]. Mitochondrial
dysfunction is an integral part of the etiopathogeneses
of various diseases, however, mitochondrial dysfunction
plays the most important role in the development and pro-
gression of pathologies of the brain, heart and skeletal mus-
cles — most energy-intensive organs, functioning of which
requires a constant sum of macroergs [19-21]. The present
study focused on the evaluationt of mitochondrial respi-
ration function under conditions of ischemic genesis pa-
thologies, in which there is a significant energy deficit that
directly characterizes the activity of mitochondria — focal
ischemia, brain injury, myocardial infarction and muscle
dysfunction [22]. The study has shown that under condi-
tions of model pathologies, there is a significant deterio-
ration in the ATP-synthetic ability of mitochondria, which
reflects a decrease in the maximum level of respiration,
respiratory capacity and ATP-generating ability of mito-
chondria in comparison with intact animals [23]. At the
same time, it is important that the decrease in the ATP-syn-
thesizing function of mitochondria was accompanied by
the intensification of glycolysis processes which was not
compensated, and had a maximum permissible nature. It
can be judged by a significant decrease in glycolytic ca-
pacity, glycolytic reserve and ATP concentration in the ani-
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Drug hypersensitivity reactions are among the most important problems that arise when using drugs. The occurrence of
such reactions in the population is at least 7% and tends to a constant increase. The most frequent manifestations of drug
hypersensitivity reactions are medically induced skin lesions. The aim of this research was to study and analyze the cases of
development of skin drug reactions on the basis of the reports on the adverse reactions (ADRs) of the drugs, registered in the
Republic of Crimea in the period from 2009 to 2016. Materials and methods. The objects of the research were report cards
about the adverse reactions, registered in the regional base (registry) of spontaneous messages called ARCADe (Adverse
Reactions in Crimea, Autonomic Database) for the period from 2009 to 2016. During the analysis of the report cards, 2,698
cases of the development of skin drug reactions arising in response to the use of drugs in patients were selected. The study of
the frequency of occurrence of skin drug reactions in the application of various groups of drugs was carried out taking into

account the codes of the Anatomical Therapeutic Chemical (ATC) Classification System of drugs of the World Health Organi-

zation (WHO). Results. Of the study showed that the development of skin drug reactions was most often associated with the use
of antimicrobial agents for internal use, nonsteroidal anti-inflammatory drugs (NSAIDs), drugs for the treatment of diseases of
the gastrointestinal tract and agents that affect the nervous system. Among the clinical manifestations of skin drug reactions,

generalized and localized rashes prevailed, and itching and hyperemia of the skin were much less common in patients. The
analysis of age categories showed that the most frequently medically induced reactions occurred in children from birth to 3

vears, as well as in the age group of patients from 46 to 60 years. The risk factors identified in the course of the analysis, were
female gender, early childhood and old age, as well as the presence of aggravated drug allergy history. Conclusion. Drug hy-

persensitivity reactions create certain difficulties in clinical practice related to the diagnosis, treatment and prophylaxis, and
may also cause danger to health or life of patients. In this connection, the study of such adverse reactions is the most important
task of practical health care and requires direct participation of doctors of all specialties.

Keywords: medicines, adverse reactions, drug hypersensitivity, medicinal skin lesions
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Peaxyuu nexapcmeennoii eunepuyscmeumenvrocmu (PJIT) aensaiomes 00HuMU U3 Haubonee 8aliCHbIX NPOOIeM, BOZHUKAIOUUX
npu npuMeHeHuU 1eKapCmeeHHbIX npenapamog. Bcmpeuaemocms no0obHbIX peakyutl 8 NOnyiayuu cocmaeisiem He menee 7%
u umeem meHnoeHyuio Kk nocmosinHomy pocmy. Haubonee yacmoimu npossnenusmu P/II aensiomces aekapcmeenio-uHoyyupo-
sanHvle nopadicenus xodxcu. Ilenvio nacmoawezo uccnedosanusn 16uUn0ch uzyyenue u aHaIu3 Ciy4aes pa3eumusi KOJICHbIX jie-
xapcmeennvix peaxyuti (KJIP) na ocnosanuu kapm-u3eeujeHuti o HedcenamenvHuix peakyusax (HP) nekapcmeennvix cpedcme
(JIC), 3apecucmpuposannvix 6 Pecnyonuxe Kpvim 3a 2009-2016 ce. Mamepuanst u memoowt. B pabome 6viau ucnonv3osa-
Hul dannvie kapm-uzeewjenuii o HP JIC, 3apecucmpuposannbix 6 pecuoHanvHoli 6ase (peecmpe) CNOHMAHHBIX COOOWeHULL
ARCADe (Adverse Reactions in Crimea, Autonomic Database) 3a nepuoo 2009-2016 ze. [Ipu npogederuu ananuza Kapm-u3-
sewyenutl 6vi10 omoopano 2698 ciyuyaes pazeumus KJIP, go3HuKawowux 6 omeem Ha NpUMeHeHuUe Y NAYUEeHMO8 IeKAPCHEEeH-
HbIX npenapamos. Hzyuenue uacmomol 6cmpeyaemocmu KJIP npu npumenenuu paziuuneix epynn JIC npooounocs ¢ yuemom
k0008 Anamomo-mepanesmuyecku-xumuyeckou (ATX) kraccughuxayuu nexapcmeennvix cpedcme Beemupnoti Opeanuzayuu
30pasooxpanenus (BO3). Pezynomamul. Pazeumue KOJHCHBIX T1eKAPCMBEHHbIX peaKyuil Haubonee 4acmo Oblio C8313aHO ¢ Npu-
MeHeHUueM NPOMUBOMUKPOOHBIX CPeOCME 0I5l BHYMPEHHe20 NPUMEHEeHUsl, HeCIepOUOHbIX NPOMUBOBOCHANUMETbHBIX CPEOCME
(HIIBC), npenapamog 0751 1eueHust 3a601e6anull Hceny00UHO-KUEYHO20 MPAKMA U CPeOCme, 6IUSIOWUX HA HEPEHYIO CUCTe-
my. Cpeou KIuHUYecKux nposigieHull KOJCHbIX 1eKAPCMBEeHHbIX peakyuli npeodnadanu 2eHepanu308antble U 10KAIU306aHHbLe
CbINU, 3HAYUMETLHO pedice Y NayueHmog HAba0anucs 3y0 U 2unepemusi KOJHCHbIX NHOKPOBOS. AHanu3 603pacmubix Kamezo-
puli nokasan, 4mo Hauboiee 4acmo 1eKapCcmeeHHO-UHOYYUPOBAHHbIEe PeaKyuy GO3HUKAU Y 0emell ¢ podcoenust 0o 3 nem, a
makdice 6 803pacmmoil epynne nayuenmos om 46 do 60 nem. Bvissnennvimu 6 X00e nposedenus ananusa Gaxmopamu pucka
pazeumust KJIP Ovinu dcenckuti nos, panHuti 0emcKutl U NOANCUTOU 803PACH, A MAKJICe HATUYUE Y NAYUEHNMO8 OMALOUEeHHO20
JIeKAPCMBEHHO20 ANNep2oNo2Uieckoe0 anamuesd. 3aKnouenue. Peakyuu 1eKxapcmeeHtoll eunepyy8cmsumenbHOCmu co30a-
10m onpeoenentvle MpPYOHOCMU 6 KIUHUYECKOU NPaKmuKe, Ce;A3aHHble ¢ UX OUACHOCUKOU, JedeHuem U npopuiaKmukou, d
makdice Mo2ym npeocmasiams coboil yzpo3y 300p08bI0 U JHCUHU nayuenmos. B cesasu ¢ uem, uzyuenue maxux HP sgnsemcs
savicHetiuiell 3a0a4ell NPaKmuyecko2o 30pasooXpaneHus u mpeoyem HenocpeoCmeeHHO20 yHacmus epaiell 6cex CneyuanbHo-
cmeil.

Kniouesnvie cnosa: nexapcmsennvle cpedcmea, Hexcenamenbhvle peakyul, 1eKapCmeeHHds 2unep4y8cmeumenbHoCmy, 1eKap-
CMeeHHble NOPAdICEHUS KOJCU

INTRODUCTION

Drug hypersensitivity reactions are among the most
important problems that arise when drugs are used. The
frequency of such reactions in the population is about
7% and tends to a constant increase [1, 2]. Clinical mani-
festations of drug hypersensitivity reactions are allergic
reactions of varying severity, which can occur directly
to active ingredients or to auxiliary components of the
drug [3, 4].

The most frequent manifestations of drug hyper-
sensitivity reactions are medically induced skin lesions.
According to the terminology worked out by the World
Health Organization, a medically induced skin reaction
is defined as any unintended and harmful morphological
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skin change that occurred during systemic or local use
of the drug in usual doses for the purpose of prevention,
treatment and diagnosis [4]. According to the literature
data, the frequency of occurrence of such reactions is
in the range of 2-3% in hospitalized patients [5], and
among all detected adverse drug reaction (ADR) — from
19 to 48% [6,7]. At the same time, the relevance of study-
ing skin drug reactions is caused not only by the high
frequency of their development, but also by the severity
and unpredictability of such reactions, which can cause a
significant danger to health or life of patients.

THE AIM of this investigation was to study and
analyze the cases of development of skin drug reactions
on the basis of report cards of ADRs to the drugs regis-

33



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

tered in the Republic of Crimea in the period from 2009
to 2016, the identification of pharmacological groups of
the drugs that cause skin drug reactions most often, and
also the allocation of risk factors for the development of
such adverse reactions.

MATERIALS AND METHODS

The objects of the research were the report cards
about the adverse reactions, registered in the regional
base (registry) of spontaneous messages called ARCADe
(Adverse Reactions in Crimea, Autonomic Database) for
the period from 2009 to 2016. When analyzing the report
cards, 2,698 cases of development of skin drug reactions
were selected in response to the use of drugs in patients.
The criterion for the selection of cases of ADR was an
indication of the skin manifestations of ADRs in the sec-
tion “Standardized description of the reaction”.

The study of the frequency of occurrence of skin drug
reactions in the application of various groups of drugs was
carried out taking into account the codes of the Anatomi-
cal Therapeutic Chemical (ATC) Classification System of
drugs of the World Health Organization (WHO) [8].

The research methodology (the analysis of the reg-
istry data) did not imply making comparisons and deter-
mining the data correlations among themselves. ADRs
frequency determination was performed in MS Excel
2016 Microsoft Office.
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RESULTS AND DISCUSSION

For the analysis of cases of skin drug reactions
arising in response to the use of different groups of
drugs, 2,698 report cards were selected from the re-
gional database — ARCADe — of spontaneous mes-
sages, which accounted for 43.1% of the total number
of the registered ADRs for the corresponding period
(6254 report cards).

The first stage of the research was to study the fre-
quency of cases of the development of skin drug reac-
tions when using drugs of different pharmacological
groups. The analysis of the report cards showed that
the most frequent skin drug reactions occurred when
using drugs of the group of antimicrobial agents for
systemic use (1215 cases), which accounted for 45%
of the total number of medically induced skin reac-
tions. Such adverse reactions occurred much less of-
ten when using drugs that affect the digestive system
and metabolism (277 cases, 10.27%), drugs that affect
the nervous system (239 cases, 8.85%), and drugs that
affect the musculoskeletal systems, including nonste-
roidal anti-inflammatory drugs (NSAIDs) (229 cases,
8.49%). The frequency of occurrence of skin drug
reactions when using drugs of other pharmacothera-
peutic groups in accordance with the WHO Anatomic
Therapeutic Chemical Classification of Drugs is pre-
sented in Fig. 1.

229 239
170
49 14 18 26 7
L M N P R S V Other
Drug

Drug group code in accordance withthe ATC Classification System

Figure 1. Distribution of drugs causing skin drug reactions, in accordance
with the WHO ATC Classification System of Drugs

Studying the frequency of adverse reactions to indi-
vidual groups of drugs that cause medically induced skin
reactions showed that among the group of antibacterials
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for systemic use, such adverse reactions were most often
associated with the use of JO1 group (antibacterials for
systemic use) — 1065 cases (87, 65% of the total number
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of cases of adverse reactions in this group). Less com-
monly, skin drug reactions were associated with the use

of antivirals for systemic use (JO5 — 72 cases, 5.9%) and
antimycobacterials (JO4 — 43 cases, 3.54%) (Fig. 2).

J07 (vaccines) 12

JO6 (immune sera and Ig) 11
% JO5 (antivirals for systemic use) 72
&
(@)
E J04 (antimycobacterials) 43
J02 (antimycotics for systematic use) 12

J01 (antibacterials for systematic use)

1065

200

400 600 800 1000

Number of cases of skin drug reactions

1200

Figure 2. Distribution of cases of skin drug reactions in the group of antibacterials for systemic use

The analysis of skin drug reactions of individual
groups for system use, confirms the known data on the
high incidence of allergic reactions when using antibac-
terial drugs, including B-lactam antibiotics of the cepha-
losporins and penicillins groups [9-11]. In our case, the
frequency of development of skin drug reactions when
using these groups of drugs was 557 (52.3% of the to-
tal number of cases of adverse reactions to antimicro-
bial agents) and 207 cases (19.4%), respectively. The
frequency of occurrence of drug-induced skin reactions
of individual members of the B-lactamantibiotic groups
is presented in Table 1. Other groups of antimicrobial
agents caused allergic reactions much less frequently:
fluoroquinolones — 122 cases of ADRs (11.5%), macro-
lides and azalides — 65 cases (6.1%), aminoglycosides
— 40 cases (3.8%). Levofloxacin (45 cases of ADRs) and
Ciprofloxacin (42 cases) became the “leaders” in the de-
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velopment of drug-induced reactions in the group of flu-
oroquinolones. In the group of Macrolide antibiotics, the
development of skin drug reactions was most frequent-
ly recorded with Azithromycin (34 cases of ADRs) and
Clarithromycin (13 cases). The high incidence of devel-
opment of skin drug reactions in the above mentioned
groups of drugs is most likely due to their frequent pre-
scription by health care professionals, as well as the use
of drug data by patients during self-treatment. [12].

The greatest number of cases of skin drug reactions
in the use of antiviral drugs was caused by the use of
drugs effective against HIV (non-nucleoside reverse
transcriptase inhibitors (NNRTI) — 28 cases of ADRs,
nucleoside reverse transcriptase inhibitors (NRTI) — 6
cases, protease inhibitors — 4 cases). Combined antiviral
drugs that are effective against HIV, caused the develop-
ment of ADRs in 9 cases.
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Table 1. Frequency of occurrence of drug-induced skin reactions when using drugs of the f-lactam
antibiotics group (penicillins, cephalosporins)

The number of cases of
skin drug reactions, the
absolute value

Representatives of antimicrobial groups

The number of cases of skin drug
reactions,% (relative to the total num-
ber of cases of skin drug reactions)

Penicillins
Ampicillin (JO1CAO1) 5 0.2%
Amoxicillin (JO1CA04) 72 2.7%
Benzylpenicillin (JO1CEO1) 4 0.15%
Ampicillinandbeta-lactamaseinhibitor (JO1CRO1) 15 0.6%
Amoxicillinandbeta-lactamaseinhibitor (JO1CR02) 111 4.1%
Cephalosporins

First-generation
Cefalexin (JOIDBO1) 14 0.5%
Cefazolin (JO1DBO04) 13 0.48%

Second-generation
Cefuroxime (JO1DCO02) 53 2%

Third-generation
Cefotaxime (JO1DDO1) 152 5.6%
Ceftazidime (JO1DDO02) 12 0.4%
Ceftriaxone (JO1DD04) 230 8.5%
Cefixime (JOIDDO08) 33 1.2%
Cefoperazone (J01DD12) 5 0.18%
Cefpodoxime (JO1DD13) 16 0.6%
Ceftibuten (JO1DD14) 1 0.04%
Ceftriaxone, combinations (J01DD54) 6 0.2%
Cefoperazone and beta-lactamase inhibitor (JO1DD62) 9 0.3%

Fourth-generation

Cefepime (JOIDEO1)

8 0.3%

Among the anti-TB drugs, the development of me-
dically induced skin reactions in most cases (28 cases,
65% of the total number of cases for anti-TB drugs)
was associated with the use of Pyrazinamide. Much less
frequently, skin drug reactions occurred with the use of
Isoniazid, Ethambutol and Rifampicin.

Special attention should be paid to the high incidence
of medically induced skin reactions that occur when using
NSAIDs (186 cases, which accounted for 6.9% of the total
number of cases of skin drug reactions). In this pharmacolog-
ical group, the most frequently similar ADRs were associated
with the use of drugs derived from Propionic acid (106 cases)
and Acetic acid (51 cases). Analysis of the frequency of skin
drug reactions in the application of individual representatives
of the groups of NSAIDs is presented in Fig. 3.

The largest number of skin drug reactions was reg-
istered with the use of Ibuprofen (99 cases, 53.22%), Di-
clofenac (31 cases, 16.7%), Ketorolac (18 cases, 9.7%)
and Nimesulide (12 cases, 6.45 %).
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The study of drug-producing countries that cause
skin drug reactions revealed that in 911 cases the devel-
opment of ADRs was associated with the use of drugs
manufactured in Ukraine, in 309 cases in the territory
of the Russian Federation. The development of ADRs
against the background of the use of drugs produced by
foreign pharmaceutical companies was observed slightly
less. Thus, drugs produced in India caused 291 cases of
skin drug reactions, in the UK —210 cases, in Germany —
177 cases of ADRs.

A study of the clinical manifestations of medical-
ly induced skin reactions showed that the most com-
mon forms were: generalized skin rashes (1673 cases
of ADRs, 62%), localized skin rashes (713 cases of
ADRs, 26.4%), localized and generalized skin itching
(128 and 95 cases of ADRs, respectively), as well as
skin redness (78 cases, 2.9%). Indicators of the occur-
rence of such manifestations in patients are presented
in Table 2.
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Figure 3. Frequency of skin drug reactions when using NSAIDs

Table 2. Frequency of various clinical manifestations of skin drug reactions

Clinical manifestations of skin drug reactions

Number of reported cases of ADRs

Number %
Generalized rash 1673 62
Localized rash 713 26.4
Generalized pruritus 95 3.5
Localized pruritus 128 4.8
Skin hyperemia 78 2.9
Allergic toxic dermatitis 9 0.3
Photodermatitis 2 0.1

The analysis of the age periods for which the
occurrence of ADRs in the form of skin manifestations
was typical, showed the following results (Fig.4): the
most frequent complications of pharmacotherapy were
observed before the age of 3 years — 766 cases (from
birth to 28 days — 42 cases of ADRs, 28 days — 1 year —
392 cases of ADRs, from 1 to 3 years — 342 cases) and in
the age category «46-60 years» — 441 cases. It is worth
noting that a rather high incidence of skin drug reac-
tions was observed in the age periods of “19-30 years”,
“31-45 years” and “61-75 years” — 349, 354 and 331
cases of ADRs, respectively.

A study of the gender of the patients revealed that
the most frequent skin drug reaction occurred in females
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— 1613 (60%) cases, in the remaining 1085 cases ADRs
(40%) was observed in males.

Our further analysis was aimed at studying the
routes of administration of drugs that cause medical-
ly induced skin reactions. So, the most frequent way
of administering such drugs was their ingestion (per
0s) — 1326 cases (49.15%), less often ADRs occurred
against the background of parenteral administration
of drugs: intramuscularly — 535 cases (19.8%), intra-
venously — 510 cases (18.9%), subcutancously — 32
cases (1.19%). Attention is drawn to the fact that in
139 cases (5.15%) skin drug reactions occurred with
the external use of drugs, and in 52 cases (1.9%) with
rectal administration.
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Figure 4. Distribution of patients with medically induced skin reactions by age

One of the most important factors determining the
likelihood of adverse reactions of an allergic nature is
the patient’s history of hypersensitivity to drugs, food
components, contact home allergens and other factors. A
study of the allergic history in patients with skin drug
reactions showed that in most cases it was calm (2399
cases, 88.92%), while in the other cases an aggravated
allergic history was observed: drug allergy — 156 cases
of ADRs (5.8%), food allergy — 80 cases of ADRs (3%),
household (contact allergy) — 35 cases (1.3%), in 28 cas-
es patients had mixed allergies (Fig. 5).

In addition, one of the significant factors necessary
for assessing the cause-effect relationship between taking
a suspected drug and the skin drug reaction that occurs is
the number of drugs prescribed simultaneously with it.
In our case, the frequency of polypragmasy (simultane-
ous administration of 5 or more drugs) amounted to 320
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cases of development of a skin drug reaction. At the same
time, simultaneous prescription of 4 drugs was observed
in 162 cases (6%), 5 drugs — in 83 cases (3.1%), 6 drugs
—1in 40 cases (1.5%). The prescription of 7 or more drugs
was observed in 35 cases, which could significantly in-
crease the risk of adverse reactions (Fig. 6).

The course of immediate-type allergic reactions, the
appearance of affected skin lesions are characterized by
a high rate of development and unpredictability. In this
respect, treatment is reduced, as a rule, to the abolition
of the drug that caused an adverse reaction, and to the
conduct of symptomatic therapy. The analysis of cases
of skin drug reactions in the Republic of Crimea showed
that the cancellation of suspected drugs was carried out
in 2651 cases (98.26%), hereby in 2266 cases the can-
cellation of the suspected drug was accompanied by the
disappearance of adverse reactions.
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Figure 5. Analysis of the allergological history of patients with manifestations of skin drug reactions
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Figure 6. Analysis of report cards with manifestations of skin drug reactions by the number of associated drugs

Symptomatic therapy for the relief of skin drug reac-  reactions. The results of the analysis showed that in
tions was observed in 2242 cases (83.1%), in other cases ~ most cases, skin drug reactions were not serious and did
the patient did not need any additional pharmacotherapy.  not cause pronounced consequences for patients (2009

The next stage of the study of skin drug reactions cases, 74.5%). However, it is worth noting the fre-
was aimed at analyzing the outcome of undesirable drug  quency of serious consequences of ADRs for patients:
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a life-threatening condition was observed in 32 cases
(1.19%), hospitalization and extension of hospitalization
of the patient’s terms were required in 261 (9.7%) and
153 cases (5.7%) respectively. In 242 cases, the develop-
ment of a skin drug reaction led to the patient’s tempo-
rary disability (9%).

Thus, the results obtained during the analysis con-
firmed a high frequency of occurrence, severity and
unpredictability of the occurrence of drug-induced skin
reactions [13, 14]. Among all pharmacological groups
of drugs, the most frequent skin drug reactions were
associated with the use of antibacterials for systemic
use, namely drugs of the cephalosporins and penicillins
groups. Such high rates of development of ADRs when
using these groups of drugs, could be associated not only
with the presence of a B-lactam ring in their structure,
which can covalently bind to serum proteins and the cell
wall and cause the development of allergic reactions, but
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The aim of the article is to evaluate Bischofit gel reparative activity in a linear wound model in rats. Materials and Methods.
The study was conducted on 36 male Wistar rats weighing from 193 to 218 grams. On the 8th day after modeling a linear
wound defect 50+1 mm long, the reparative effect of bischofite, Actovegin and Contractubex in the gel compositions was
evaluated. The evaluation was carried out using: the following methods: 1) studying the physicomechanical characteristics
of the wound defect (a wound-tearing machine Metrotest REM-0.2-1); 2) morphological examination of the skin graft taken
from the wound area (stained with hematoxylin-eosin and Van Gieson s solution); 3) determining the ratio of collagen types
I and III in a polarizing microscope (the picrosirius was red); 4) colorimetric analysis of the hydroxyproline concentration
in the wound surface tissues. Results. On the 8th day, the wound defects sampled from the bischofite treated animals, were
characterized by the most pronounced strength (the average force at the rupture moment was 13.70 N), which was significantly
higher (p<0.01) than in the control group (11.76 N). Actovegin showed less influence on this parameter (12.60 N), and the
use of Contractubex led to its decrease (8.10 N). The effect of the drugs on the morphological state of the skin tissue was
similar. The hydroxyproline concentration in the studied groups’ samples was: Bischofit 13.23+1.68; Actovegin 15.89+1.37;
Contractubex 17.61 + 0.67; the Control was 16.59+1.08. According to the impact on the ratio of collagen in types I and
111, the studied drugs were arranged in the following sequence: Bishofit (0.73+0.023) > Actovegin (0.67+0.017) > Control
(0.56+0.012) > Contractubex (0.38 +£0.020). Conclusion. The carried out study showed that Bischofit has a pronounced
ability to stimulate the regeneration of the skin wound defect. Hereby, the reference drug Actovegin showed less activity, and
Contractubex worsened wound healing.

Keywords: bischofite, regeneration, Actovegin, Contractubex, hydroxyproline, collagen
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Lenv — oyenxa penapamusHoti akmugnocmu eeisi ¢ buwogumom na modenu nunelinol panvl y kpvic. Mamepuansvt u me-
moovl. Hccnedosanue 6wi10 npogedero Ha 36 camyax Kpuvic aunuu Wistar maccou 193-218 2. Ha 8-e cymxu nocie mooenu-
Po8anus TUHeNiHO20 paneso2o degexma Onuno 50+l mm oyenusanu penapamueroe Oeticmsue bBuwoguma, Akmogeeuna u
Koumpaxmy6exca 6 cocmase ceneii. Oyenxa nposoounacs ¢ nomowsio: 1) uzyuenus u3uKo-mexaHuieckux c8ocme paHeeo2o
Odeghexma (mexanuueckuti panopaspuvieamens Mempomecm POM-0.2-1); 2) mopghonocuueckoeo ucciedo8anus mranetl Koic-
HO20 I0CKYyma, 834moz2o u3 oonacmu pansl (OKpacka 2eMamoxcuaun-303ut u Ban I'uzon); 3) onpedenenus coomnouienus Kon-
nazena I u Il munos 6 nonapu3ayuonHoM MUKpocKkone (OKpacka RUKpOCUpuyc Kpachulii); 4) Konopumempuieckozo anamusa
KOHYeHmpayuu 2UOPOKCUNPOTUHA 6 MKAHAX panesoll nosepxnocmu. Pezynomamur. Ha 8-e cymxu naubonvuieli npouHocmuio
Xapaxkmepuzo8anuch pamesvie 0eeknmoi, NOLyUeHHble OM JHCUBOMHBIX ¢ npumeHeHuem buwoguma (cpednee ycuaue na mo-
menm paspuiea 13,70 H), umo docmogepuo gviue (p<0,01), uem ¢ konmponvroti epynne (11,76 H). Akmoseeur noenusn Ha
Oanmuvlil napamemp 8 menvwel cmenenu (12,60 H), a Konmpaxmybekc npugen k e2o chudicenuio (8,10 H). Bausnue npena-
pamog Ha Mop@ono2uyecKyio KapmuHy mrareu Kodcu ovino ananoeuunvim. Cooepiicanue 2uOpPOKCUNPOIUHA 8 0OPA3YAX UC-
cnedyemvix epynn cocmaesuno: buwogum — 13,23+1,68; Axkmoseeun — 15,89+1,37; Konmpaxmyb6exc —17,61%0,67, Koumpons
—16,59+1,08. Ilo énuanuro na coomunouerue koniaeena I u I1l munog ucciedyemvie npenapamoi pacnonasaiucs 6 ciedyouetl
nocnedosamenvrnocmu: buwogum (0,73+0,023) > Axmoseeun (0,67+0,017) >Koumpons (0,56+0,012) > Konmpaxmybexc
(0,38+0,02). 3axntouenue. [Iposedenroe uccnedosanue noxkazano, umo buwogum obnadaem vipadceHHOU CHOCOOHOCIbIO
CMUMYIUPOBAMb peceHepayuio panegoo oegexma kodicu. [Ipu smom npenapam cpasnenus Akmose2un npooemMoHcmpuposa

Menbutylo akmugrocms, a Konmpaxmybexc yxyowun panoszasicusnenue.
Knioueswvie cnosa: buwogum, pecenepayus, Axkmoseaun, Konmpaxmybexc, euopoKcunpoiuH, KouiaeeH

INTRODUCTION

Despite the rapid development of streamlined syn-
thesis, the emergence of highly selective drugs and bi-
ological therapy, simpler, multitarget compounds do not
lose their relevance [1]. One of these tools is a gel based
on Bischofit. Its natural mineral resource is presented in
the territory of the Lower Volga region. For a long time,
Bischofit has been used in clinical practice to treat a wide
range of pathologies. The pharmacological activity of
this mineral, including the gel form, has been studied in
detail for several decades [2, 3]. Bishofit has proved to
have anti-inflammatory and immunomodulatory activity,
as well as accelerating regenerative processes [4—7].

MATERIALS AND METHODS

Animals

The study included 36 male Wistar rats weigh-
ing from 193 to 218 grams. The rats obtained from the
mouse bank of “Stolbovaya” (Moscow region) were used
as laboratory animals. All manipulations performed on
the individuals were performed in accordance with in-
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ternational norms of experimental ethics (European Con-
vention for the Protection of Vertebrate Animals used for
experimental and other scientific purposes (Strasbourg,
22 June, 1998)) and with the requirements of good labo-
ratory practices (GLP). The animals were placed in mac-
rolon cells with lattice steel lids and a forage well. The
litter material was non-coniferous sawdust. During the
experiment all the rats were kept in standard vivarium
conditions (humidity 65 £ 5%, temperature 22 + 2°C).
Individuals were under natural light with free access to
food and water. The cages, bedding and drinkers changed
as they became soiled.

Study design

Under anesthesia (chloral hydrate 300 mg/kg) after
preliminary depilation (80%45 mm) and treatment with
an antiseptic (70% solution of ethyl alcohol) in the dor-
sal area, a linear wound 50+1 mm long was modeled by
cutting the skin along the paravertebral line with a blade
with a depth limiter of 2 mm, after which the edges of the
wound were brought together by imposing three sutures
with sterile threads [8].
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Then the animals were divided into 4 equal groups:

I — Control group — imitation of rubbing the drug on
the shaved area 10 minutes after the wound modeling and
for the next 6 days (once a day)

11 — Bischofit — rubbing 500 mg of gel with Bischofit
on the wound area and adjacent tissues 10 minutes after
modeling the wound and for the next 6 days (once a day)

III — Actovegin — rubbing 500 mg of Actovegin gel
on the wound area and adjacent tissues 10 minutes after
modeling the wound and for the next 6 days (once a day)

IV — Contractubex — rubbing 500 mg of Cotractubex
gel on the wound area and adjacent tissues 10 minutes

[ | Morphoiogic investigotion of skin tissues

[ | using polerized light micrescopy (ipicre sinius red

after modeling the wound and for the next 6 days (once
a day)

After natural predrying of the application area, the
animals were placed in individual cages. In the next 6
days, in addition to applying the gels, the clinical condi-
tion, motor activity, feed and food consumption, as well
as photographic images of the wound area were assessed.
On the 8th day, the animals were removed from the ex-
periment by the method of cranial dislocation under an-
esthesia, after which 4 skin grafts (the total surface was
25x45 mm) were sampled from the dorsal surface for
research (Fig. 1).

Pl ™
| ; : : ;

Evaluate of phydico-mechanic properiies using
| wound-tearing machine (Metrotest REM.0.2-1,
| Russial,

fhematexiline-eosing and Vian Gison'’s stain)

\ =

l Eveluption of collagen type | and hype N ratio by

conmcentration

LEMHMJ'E analysis of hydrowdproling

Figure 1. Schematic representation of skin areas sampled for assessment
of the investigated drugs reparative effect

1. The study of physical and mechanical
characteristics of the wound defect was performed us-
ing a wound-tearing machine. The cut skin fragment was
fixed in a special installation with the help of threads and
metal spokes. After launching the device, the force (dis-
creteness=0.1 N), necessary for tearing tissues along the
wound line, was monitored. The ultimate deformation
data (stretching at the rupture moment) of the skin flap
were also obtained. This parameter represents the elastic-
ity of the wound defect.

2. Calorimetric analysis of hydroxyproline
concentration in the wound defect tissues. To assess
the degree of reparative reaction in the tissues, the con-
centration of hydroxyproline (HP) as the basic amino
acid of collagen was determined. HP is formed as a re-
sult of the cotranslational hydroxylation of proline by
the enzyme proline-hydroxylase, which occurs even be-
fore the synthesis of the polypeptide chain is completed

[9].
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To determine the HP concentration in the samples,
a calorimetric method of detecting the reaction products
of oxidized HP and Ehrlich reagent [10] was used. In
the process of the sample preparation, round skin areas
without underlying tissues with a diameter of 5 mm and
including all the layers were taken from the euthanized
animals using the Dermal Punch tool (USA). The sam-
ples were frozen in liquid nitrogen by immersion for 1-2
seconds and stored at minus 72°C in sealed Eppendorf
tubes.

On the day of the study, the samples were thawed
for 3—5 hours in the open air at the room temperature.
The samples were weighed and cut so that the weight of
one of the fragments was about 20 mg. Then hydrolysate
was prepared from the samples. To determine HP, 1 ml
of chloramine B was added to 1 ml of hydrochloric acid
solution 36%, shaken and kept for 20 minutes at the room
temperature. 1 ml of perchloric acid was added, shaken
again and 1 ml of a 20% solution of Ehrlich reagent was
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added. The tubes were shaken again and placed into a
water bath (60°C) for 20 minutes. Then the reaction was
terminated by immersing the tubes into an ice bath and
adding 5 ml of ethyl cellosolve. The optical density was
determined at the wavelength of 557 nm. For the prepara-
tion of standards, crystal HP manufactured by Sigma-Al-
drich (USA) was used.

3. Morphological investigation of the skin graft
tissues taken from the wound area were carried out in
a standard way. The samples were fixed with 10% buff-
ered formalin. The cut-sections were stained with hema-
toxylin and eosin and Van Gieson‘s solution. Staining

with hematoxylin and eosin makes it possible to carry
out a general assessment of the histological picture, and
staining by Van Gieson‘s solution makes it possible to
carry out a detailed study of the connective tissue archi-
tectonics, differentiating between mature and immature
collagen. Then the received preparations were assigned
code names for an independent assessment by an expert
commission consisting of 5 doctors of the pathoanatom-
ical bureau from the Belgorod regional clinical hospital
n. a. Saint Joseph (Russia, Belgorod). The assessment
was made according to the specially developed scale
(Table 1).

Table 1. Scale for assessing the reparative activity of the studied drugs using the histological
Dpicture of the wound defect area

Qualitative character

Points and their characteristics

Cytoarchectonics disruption 0 —None 1 — Low-grade 2 — Obvious 3 — Florid
Architectonics disruption of intracellular matrix 0 — None 1 — Low-grade 2 — Obvious 3 — Florid
Hemorrhage, enlarged vessels 0 — None 1 — Low-grade 2 — Obvious 3 — Florid
Violation of epithelialization 0 — None 1 — Low-grade 2 — Obvious 3 — Florid
Leukocyte infiltration 0 — None 1 — Low-grade 2 — Obvious 3 — Florid

4. Assessment of the ratio in collagen I

and I1I types in a polarizing microscope

To assess the viability of the reparative process, the
ratio in collagen types I and III was determined, since
the predominance of mature (I) collagen over the im-
mature one (III) indicates a normal regeneration of the
wound. To quantify the ratio of mature (I) and imma-
ture (III) types of collagen, the sections were stained
with picrosirius red, then microscoped in a polarization
microscope and photographed. For each cut-section, 10
fields of view were photographed at x400 magnifica-
tion. The color ratio of the differential coloration was
established by automatically analyzing color histo-
grams for each of the microphotographs using the im-
age J program and subsequent statistical processing. A
lower ratio indicates a higher proportion of immature
type III collagen [11].

Statistical processing of the obtained data was per-

formed using STATISTICA 10.0 software. Descriptive
statistics was applied to all the data.

The normality of distribution was determined using
Shapiro-Wilk and Kolmogorov-Smirnov criteria. The
statistical significance of the differences was carried out
using Newman-Keuls test depending on the nature of the
data was carried out using the Student’s and Mann-Whit-
ney tests with the Bonferroni correction. The differences
were recognized statistically significant at p£0.05.

RESULTS AND DISCUSSION

After recovery and on further days of the study, the
animals were active, the consumption of feed and food
was within the normal range. There were no purulent
complications, hemorrhages, excoriations and other un-
wished effects. By day 7, the greatest visual differences
had been observed between the animals treated with Bis-
chofit gel and the Control group (Fig. 2).

Figure 2. General view of the animals immediately before euthanasia

Note:

A — a group of animals treated with Actovegin gel;

B — a group of animals treated with Contractubex gel;
C — a group of animals treated with Bischofit gel

Tom 7, Beinyck 1, 2019
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Determination of physicomechanical

characteristics of the wound defect

When determining the force at the rupture point using
a wound-tearing machine (Metrotest REM-0.2-1, Russia),
it was found out that the average force required to rupture

a skin flap along the wound defect in the control group was
11.76£0.71 N. The greatest strength of the wound defect
can be positioned as follows (in descending order): gel with
Bischofit (13.70+£0.76 N, p<0.01); Actovegin (12.60+0.63
N, p<0.05); Contractubex (9.65+0.59 H, p<0.01) (Fig. 3).

p<0,05

o p<0,05 .
. p<0,05 )

18

16 13.70+£0.76
. 12.60+£0.63
°
g 14 11.76+0.71
=12 9.65+0.59
vZ
s o 10
® S
§% 8
e 4
=2

0

Control Bischofit Actovegin Contractubex

Figure 3. The results of determining physicomechanical characteristics of the wound defect. The force at the
rupture point (N) in assessing the strength of a wound defect using a mechanical wound breaker (M+m)

When analyzing the ultimate deformation of the
skin flap, it was detected that the increase in the length
of the skin flap in the Control group at the rupture point
was 8.0+1.7%. According to the effect of the prepara-
tions on the elasticity of the wound defect, they can be

. p<0,05

-
H

10.70£2.10

-
N

-
o

8.0£1.6

Marginal deformation (%)

Control Bischofit

arranged as follows (in descending order): gel with Bis-
chofit (10.7£2.3%); Actovegin (8.2+1.9%); Contractubex
(8.1£1.7%). The statistical processing showed that this pa-
rameter (p<0.05) reliably differs from the Control group
only in the group that received Bischofit gel (Fig. 4).

8.20+1.90 8.10£1.7

Actovegin Contractubex

Figure 4. Results of determining physicomechanical characteristics of the wound defect. Elastic limit
deformation (%) when evaluating elasticity of a wound defect using a wound-tearing machine (M+m)

46

Volume VI, Issue 1,2019



Hay4HO-npakTn4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTHHA/IbHAA CTAThA
DOI: 10.19163/2307-9266-2019-7-1-42-52

Colorimetric analysis of hydroxyproline

concentration in the tissues

of the wound defect

In colorimetric analysis it was found out that the high-
est concentration of hydroxyproline was in the tissues of
wound defects in the animals treated with Contractubex.

However, there was no statistically significant difference
with the Control group. In comparison with the control
concentration of HP (p<0.05), the tissues of the modeled
wounds in the animals treated with Bischofit gel (79.7% of
the control) contained significantly lower concentration of
HP (Table 2).

Table 2. Concentration of hydroxyproline (HP) in tissue samples of wound defects obtained
on day 8 after starting the experiment (M+m)

Group Control

Bischofit

Actovegin Contractubex

Concentration of HP, mg/g 16.59+1.08

13.23+1.68

15.89+1.37 17.61+0.67

Note: *—the presence of statistical significant differences when compared with the control group upon Mann-Whitney criterion

(p=0,05)

Taking into account the data obtained in determin-
ing the physicomechanical characteristics of the wound
defect, the probable cause of an increase in the concen-
tration of HP in the tissues of the animals treated with
Contractubex is safekeeping of the inflammatory reac-
tion, the prolongation of the remodeling processes of the
newly formed connective tissue and the growth of gran-
ulation tissue.

On the other hand, a decrease in the concentration
of HP in the wound defects of the group treated with Bi-

schofit gel, indicates a decrease in secondary alteration
and an accelerated repair.

Morphological study of the tissues

of the skin flap taken from the wound area

Control group. In the Control group, a newly-formed
connective tissue scar occupies a wide area, and the areas of
uneven maturation of the connective tissue are visualized. The
regenerated epidermis covering the wound is 3—4 times thicker
than the epidermis of the intact skin lying next to it (Fig. SA).

- A, '..,.I _' T ? . _-".- it ..
. by ".-.I{::"-.i. e F
? ':l’."_._, RV .
iﬁ. - .‘ * " ‘;:*t:'-r::-x&;i _-4-*.‘-_-;1. ‘,{;ﬁ

o
WL T e :"'\.’l,ﬂ“"..n._r‘;.v"‘t“-?f
B

Figure 5. Photomicrograph of the skin cut in the wound area in the group of control observations

Note: stained by Van Gieson s solution x 100 (A); x 200 (B)

In the thickness of the epidermis against the back-
ground of mitotic dividing cells of the basal layer, epi-
thelial cells with pycnomorphic nuclei and phenomena
of karyolysis have been visualized. The heterogeneity of
the structure of the connective tissue scar should also be

Tom 7, Beinyck 1, 2019

notified (Fig. 5B). The fibrous component in the scar area
is represented by thin multidirectional collagen fibers.
The cellular component prevails over the fibrous one. It
should be notified that in the area of the scar there are no
hair follicles and sebaceous glands Fig. 6).
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Figure 6. Photomicrograph of the skin cut in the wound area in the group of control observations.
Stained by Van Gieson ‘s solution. x 400

Bischofit. On histological cut-sections of the skin of  In the scar zone, no derivatives have been detected (Fig.
the animals treated with Bischofit gel, a thin connective =~ 7A). Directly under the epidermis, a wide band of con-
tissue scar is visualized in the wound area. A complete  nective tissue containing blood-filled vessels with local
regeneration of the epidermis is determined. It is several — hemorrhages into the surrounding tissue is visualized.
times larger than in the adjacent wound of the epidermis.  (Fig. 7B, C).

Figure 7. Photomicrograph of the skin cut in the wound area in the group of control observations
with the use of Bischofit gel

Note: the thickened newly formed epidermis (A, B) and newly formed granulation tissue with a large number of blood vessels
(C) are well visualized. Stained with hematoxylin and eosin. x 100 (4). x 200 (B, C)

Regarding the spatial organization of the new-  part of the newly formed connective tissue, germination
ly formed connective tissue scar, the violation of the occurs in the underlying hypodermis and muscle tissue
layered structure of the skin should be notified. On the  (Fig. 8A).
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Figure 8. Photomicrograph of the wound area skin section in the group

Note:

A — Bischofit gel. Stained by Van Gieson s solution. x 200 (4);

B — Actovegin. Stained with hematoxylin and eosin. x 100 (B)

Actovegin. When treated with preparations, there is
a fully formed connective tissue scar of a wedge-shaped
form. A complete closure of the wound defect with a

stratified squamous epithelium is observed (Fig. §B). A
large number of mitoses are visualized in the basal and
spinous layers of epidermis (Fig. 9A).

Figure 9. Photomicrograph of the skin cut in the wound area in the group of observations with the use of
Actovegin

Note:
stained by Van Gieson s solution. x 400;

A —in the field of view fibroblasts and lymphocytes, single fibrocytes dominate. The absence of a well-formed papillary layer

should be notified;

B — in the areas adjacent from the scar, dermis, the fibers are thick structured and have all the normal functional criteria of

dense unformed connective tissue

The cellular component prevails over the fibrous
one.

At the base of the wedge-shaped connective tissue
scar, the cellular component predominates over the fi-
brous one. In the field of view fibroblasts and lympho-
cytes, single fibrocytes prevail. He absence of a well-
formed papillary layer should be notified.. In sight,
mature brightly oxyphilic collagen fibers placed random-
ly, dominate.

Hereby, in the areas adjacent from the scar, dermis,
the fibers are thick structured and have all the normal
functional criteria for dense unformed connective tissue
(Fig. 9B).

Contractubex. In the study of the skin preparations
of the animals treated with Contractubex, a wide area of

Tom 7, Beinyck 1, 2019

the scar and complete filling of the wound defect with
granulation tissue are visualized (Fig. 10A).

Over the entire surface of the scar there is a detachment
of the newly formed thickened epithelium. The presence of
heterogeneity in the spatial organization of the connective
scar draws the attention. Local areas with a high degree of
maturity of the newly formed connective tissue take place.
Hereby, collagen fibers located chaotically, not tightly, alter-
nate with portions of single-positioned fat cells with differ-
ent diameters that are not prone to fusion (Fig. 10B).

At the base of the newly formed connective tissue
scar, which continues in the deep layers of the dermis,
the hypodermis and the muscular layer of the skin, a large
number of dilated blood vessels with a tendency to hem-
orrhage into the surrounding tissue are found (Fig. 10C).

49



RESEARCH ARTICLE Scientific and Practical Journal

_ N _ PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

Figure 10. Photomicrograph of the skin cut in the wound area in the group of observations
with the use of Contractubex

Note:

A — complete filling of the wound defect with granulation tissue. Stained by Van Gieson ‘s solution; x 100;

B — an alternation of areas with a high degree of maturity of the newly formed connective tissue with areas of single fat cells
with different diameters that are not prone to fusion. Stained by Van Gieson's solution; % 100;

C — in the deep layers of the dermis, hypodermis and muscular layer of the skin, a large number of dilated blood vessels with
a tendency to hemorrhage into the surrounding tissue are detected. Stained by hematoxylin and eosin; x 200

Comparative quantitative the average score was determined in each group (Table
assessment 3). A lower score indicates a more consistent histological
In the questionnaire survey by the expert committee,  pattern of specimens obtained from the groups.

Table 3. Results of the scoring microscopic skin samles by the expert committee (M+m)

Qualitative ch Quantitative assessment (in points)
ualitative character

Control Bishofit Actovegin Contractubex

Cytoarchitectonics disruption 1.71£0.18 1.34+0.21 1.49+0.15 1.49+0.15
gl‘;ﬁigﬂm matrix architectonics 132£0.21 1.1240.09 1.210.10 131011
Hemorrhage, enlarged vessels 1.91+0.19 1.24+0.11 1.54+0.16 1.39+0.15
Violation of epithelialization 1.72+0.21 1.52+0.15 1.51+0.19 1.79+£0.21
Leukocyte infiltration 1.84+0.23 1.32+0.31 1.29+0.12 2.0+0.21

Average score 1.70+0.20 1.31+0.21* 1.41£0.15* 1.60+0.16

Note:

a lower score indicates a more consistent histological pattern;
*— p <0.05 when compared with the Control

From the data presented in Table 3 it can be seen that  III in the tissues of the wound defect when dyeing with

less pronounced morphological changes are pbserved in‘the picrosirius red, it was established that, by the num-
groups treated with Bischofite gel and gel with Actovegin. ber of mature collagen fibers, the studied groups can

Evaluation of the ratio in collagen types T be arranged in the following sequence (descending):
and I1I in a polarizing microscope Bishofit > Actovegin > Control > Contractubex (Table

When assessing the ratio in collagen types I and 4, fig. 11).
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Table 4. Ratio in collagen types I and III in tissue samples of modeled wounds received
on day 8 after starting the experiment (M+m)

Group Control

Bishofite

Actovegin Contractubex

Ratio in collagen

types I and Il 0.56=0.012

0.73+0.023*

0.67+0.017 0.38+0.02*

Note: * — p<0.05 when compared with the control group

Statistically significant differences were found
out in the Bischofite and Contractubex groups. In
the group treated with Bischofite, the differences are
unidirectional in nature, relative to the content of
the type III of collagen, which indicates a higher de-

A

B

gree of scar organization. In the group that received
Contractubex, there is an increased relative content
of collagen type III, which indicates a delay in the
maturation of collagen and the tendency to form the
scar tissue.

Figure 11. Microscopic picture of the modeled skin wound area

Note:

polarization microscopy. Sirius Redstain. x 400;
Control group (4),

Bishofit (B),

Contractubex (C)

CONCLUSION

The study showed that the best results had been ob-
tained when using Bischofit gel. The wound defect in
this group was characterized by the greatest strength,
elasticity, a good histological pattern. Judging by the
low concentration of hydroxyproline and collagen type
111, it is less prone to scar formation. Actovegin has a
less significant, but pronounced reparative effect on this
model. Actovegin gel showed a positive effect on the
macro- and microscopic picture of the wound defect,
as well as the strength of the wound and the preventive
effect on the excessive formation of the scar tissue. Less
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USING QUANTUM-CHEMICAL PARAMETERS FOR PREDICTING
ANTI-RADICAL (HO-) ACTIVITY OF RELATED STRUCTURES
CONTAINING A CINNAMIC MOLD FRAGMENT.

I. DERIVATIVES OF CINNAMIC ACID, CHALCON AND FLAVANON

E.T. Oganesyan, S.S. Shatokhin, A.A. Glushko

Pyatigorsk Medical and Pharmaceutical Institute — branch of Volgograd State Medical University
11, Kalinin Ave., Pyatigorsk, Russia, 357532

E-mail: edwardov@mail.ru
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45 compounds uniting 3 groups of derivatives of cinnamic acid, chalcone and flavanone, have been studied. Each of them
includes 15 substances. The analyzed compounds contain a common structural fragment, which is a cinnamic acid residue
(cinnamoyl fragment). The aim is to study the quantum-chemical parameters of the listed groups of the compounds in order
to predict possible ways of their interaction with the most aggressive and dangerous of the active oxygen species (ROS) —
a hydroxyl radical. Materials and methods. For the analyzed structures, the Mulliken charges (a.u.), bond numbers (Nu),
unsaturation index (IUA), and electron density values on all 9-carbon atoms of the cinnamoyl fragment have been determined.
The calculations have been carried out on a workstation with an Intel Xeon E5-1620 3.5 GHz processor, 20 GB of RAM. The
semi-empirical method PM7 was used (WinMopac 2016 program). The ORCA 4.1 program was used to calculate the energies
of homolytic cleavage of the O — H bond. Results. The analysis of Mulliken charges (a.u.), bonded numbers (Nu), unsaturation
indices (IUA), and electron density revealed a number of regularities on the basis of which it can be concluded, that taking
into account the nature of the substituent, the most probable for addition in the aryl residueare positions C-1, C-2, C-3, C-4
and C-5. In the propenone fragment, the radical HO: first attacks position 8, then 7. For the hydroxy-substituted, the energy of
the homolytic breaking of the H— O bond has been determined and it has been established that the spatial difficulty of phenols
(compounds 13k, 13x, 13f, 14k, 14x, 14f) H-O bonds are the smallest and on average are -160.63 kJ/mol. It has also been
established that the higher the positive Mulliken charge on the carbon atom with which the phenolic hydroxyl is bound, the
lower the energy of the homolytic breaking of the H— O bond and the more stable the resulting phenoxy radicalis. Conclusion.
The carried out quantum chemical calculations allow us to conclude that the studied classes of compounds can be used to bind
the hydroxyl radical formed in the body, causing various kinds of mutations, leading, among other things, to the development
of oncological diseases.

Keywords: hydroxyl radical, cinnamic acid derivatives, chalcones, flavanones, Mulliken charges, bond numbers, unsaturation
index, electron density
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of related structures containing a cinnamic mold fragment. I. Derivatives of cinnamic acid, chalcon and flavanon. Pharmacy & Pharmacology.
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NCITOJIB3OBAHUE KBAHTOBO-XUMHNYECKHUX ITAPAMETPOB
JIJISI TIPOTHO3UPOBAHUSA AHTUPATUKAJBHOH (HO")
AKTUBHOCTHU POACTBEHHBIX CTPYKTYP,

COJEPXKAIIMX HUHHAMOWJIbHBIN ®PAITMEHT.

I. IPOU3BOJAHBIE KOPUYHOM KUCJIOTHI,

XAJTKOHA U ®JIABAHOHA

I.T. Oranecsin, C.C. lllaroxun, A.A. I'tymxo

[TsTuropckuii Meauko-gpapmaneBTiHdeckiii HHCTUTYT — priman @I'BOY BO BoarI'MY Mumnsnpasa Poccun
357532, Poccus, [Taruropcek, np. Kanununa, 11

E-mail: edwardov@mail.ru

IToctynuna B pegakuuro: 23.12.2018 [Ipunsra x newaru: 20.02.2019

Uzyueno 45 coeounenuil, 06vedunsowux 3 spynnevl nPoOU3BOOHbIX KOPUUHOU KUCLOMbI, XAIKOHA U (DIABAHOHA, KAHCOAs U3
KOmopwix gxtoyaem no 15 sewpecma. Ananuzupyemvie coeOUHeHUs CoOepicam odwuLl CmpyKmypHulil opazmenm, npeocmag-
JAOWULL CODOU 0OCMAMOK KOPUUHOU KUCIOMbL (YWUHHAMOUNbHBIL ppacmenm). Llens padomul — uzyyenue K6aHmMogo-xumuie-
CKUX NApaMempos NepeyucienHbIxX SpYynn COeOUHEHUI C Yelblo NPOSHOSUPOBAHUS BOIMONCHBIX NYMeEl UX 63aUMOOeCEUs ¢
Hauboee azpecCUSHbIM U ONACHBIM U3 YUCLA AKMUBHBIX (hopm Kuciopoda (ADK) eudpoxcunvuvim paduxaiom. Mamepuanst
u Memoowl. /{15 ananuzupyemvix cmpykmyp onpeoenenvl Maniuxenosckue 3apaovl (a.e.), cesazesvie yucaa (Nu), unoexc nena-
coiyennocmu (IUA) u eenuyunbvl 21eKMpoHHOU NIOMHOCIU HA 8ceX 9-amomax yenepooa YuHHAMoUIbHo2o gppazmenma. Pac-
uemvl ocyujecmeiensvl Ha pabouetl cmanyuu ¢ npoyeccopom IntelXeonE5-1620 3,5 I'Ty, 20 I'6 onepamusnoti namamu. Ilpu
2MOM UCNONB308aH NOTyIMnupudecku memoo PM7 (npoepamma WinMopac 2016). /lna pacuemog snepauti 20MOMUMuU4ecko2o
pacwennenus céazu O—H ucnonvzosana npoepamma ORCA 4.1. Pesynomamot. Ananuz eeruuun ManiukeHO8CKUX 3apsao08
(a.e.), céazesvix uucen (Nu), unoexcos nenacviyennocmu (IUA) u anekmpoHHol nA0OMHOCU NO360UNL BbIAGUMb PO 3AKO-
HOMEPHOCHEl, Ha OCHOBAHUU KOMOPLIX MONCHO 0ellamb 8bl800bL O MOM, YO C YYenom npupoosl 3amecmumenei Haubonee
8EPOAMHBIMU 0151 NPUCOEOUHEHUs 8 apunbHoM ocmamke agaaromces nonoxcenuss C-1, C-2, C-3, C-4 u C-5. B nponeronogom
@pazmenme paouxan HO* 6 nepsyio ouepedv amaxyem nonodicerue 8, samem 7. /lna 2u0pokcusameweHHvIx onpeoenena SHep-
2UsL 20MOAUMULECKO20 pa3pblea ceasu H-O u ycmaHosieHo, 4mo y npocmpaHcmeeHHO 3ampyOHeHHbIX (PeHoN08 (coedunenus
13x, 13x, 13¢p, 14x, 14x, 14¢p) snepeus paspuvisa cesasu H-O naumenvwias u 6 cpeonem cocmagisem — 160,63 x/[c/mons.
Yemanosneno maxaice, umo,uem gviuie nonoxcumenvuuiii MannukeHo6ckuil 3apso0 Ha amome y2nepood, ¢ KOmMopblM CéA3aH (e-
HONbHYLUL 2UOPOKCUI, TeM HUNCE IHepIUsl 2oMOIUmu4ecko2o paspwiea ceéazu H-O u mem 6onee ycmouiuus obpasyrowuiics ge-
HOKCUNbHBII paduran. 3akntouenue. IIposedennvle KEAHMOBO-XUMUYECKUE PACYenbl NO36ONAIM COeNantb 861600 0 MOM, YUMo
uzyyaemvle Kidccvl COeOUHeHUL MO2ym Obimb UCNONb308AHbI OJIA CE:A3bIBAHUS 0OPA3YIOUE20Cs 8 OP2AHUIME SUOPOKCUTLHOLO
PaouKana, 8bi3bl8arOWe20 pasiuiHo20 pooa Mymayuu, npueoosuue, 6 Nom YUcie, K pa3eumuro OHKOI0SUYEeCKUX 3a001e6aHU.
Kniouesnvie cnosa: 2uopoxcunvHbill paouxan, npou3sooHsle KOpUHHOU KUCTIOMbl, XAIKOHbL, nasanonsl, Mannukenosckue 3a-
PAObL, cA3€e8ble YUCTA, UHOEKC HEHACBIUWEHHOCU, DNEeKMPOHHAS NIOMHOCIb

INTRODUCTION

Currently, experimental biochemistry and clinical
pharmacology have accumulated extensive material indi-
cating the relationship of free radical oxidation processes
involving reactive oxygen species (ROS) and many dis-
eases. It is known that in violation of the mechanisms of
antioxidant protection in the body there is an accumulation
of ROS, of which the HO-radical is the most dangerous. It
is able to interact with the nitrogenous bases of DNA and
RNA, which contributes to the formation of various types
of mutations [1, 2]. It also interacts with phospholipids of
cell membranes, increasing the level of their peroxidation
and resulting in reperfusion tissue damage, carcinogenesis
and other pathological processes [2, 3].

54

In case of disturbances in the equilibrium process-
es involving ROS, natural compounds — derivatives
of cinnamic acid, chalcones and flavanones, contain-
ing a common cinnamoyl fragment, are getting more
and more become important. In flavonoids it is the
main conjugate chain and, in essence, it represents the
residue of cinnamic acid. These three groups of com-
pounds are interconnected by biogenetic transforma-
tions [4-6].

The listed representatives of polyphenolic com-
pounds are characterized by a broad spectrum of phar-
macological activity, which is probably due to their high
antiradical activity.

THE AIM istostudy the quantum-chemical char-
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acteristics of cinnamic acid derivatives, chalcones and
flavanones containing substituents in the aryl moiety
conjugation of the main chain to predict their possible
interactions with the hydroxyl radical HO.

MATERIALS AND METHODS

The objects of the study were hydroxy and methoxy
substituted cinnamic acid, chalcone and flavanone de-
rivatives in the aryl residue of the cinnamoyl moiety, 45
compounds in total. Quantum-chemical parameters of
the analyzed structures were calculated on a workstation
with an Intel Xeon E5-1620 3.5 GHz processor, 20 GB
of RAM.

The hydroxyl radical HO, whose life expectancy in
a biological medium is about 10~ seconds, represents the
greatest danger among the active oxygen species (ROS).

One of the ways of formation of a hydroxyl radical
in the body can be the Fenton reaction or the oxidation
of Fe*" to the Fe3* hypochlorite anion, which, in turn, is
formed in phagocytes.

It has been proved that the yield of hydroxyl radical
OH:- in the second case is higher than in the Fenton re-
action [8].

The same radical can be formed by the reaction of
Haber-Weiss [8].

The consequences of these reactions involving biva-
lent iron are obvious: the “extraction” of Fe?* cation from
the systems containing it and its subsequent oxidation to
Fe**, which is extremely dangerous in itself, since it con-
tributes to the destruction of blood heme and iron-con-
taining endogenous substances.

2'-Hydroxychalcone

Flavonone

On the other hand, the hydroxyl radical, interacting
with the amino acid fragments of proteins, causes denatur-
ation of the latter and subsequent inactivation of enzymes.

There is an opinion that the OH- radical-is able to
selectively accumulate near the DNA [9].

Possessing sufficiently high electrophilic proper-
ties, it can not only hydroxylate the nitrogenous bases
of nucleic acids, but also contribute to the subsequent
breaking of both carbohydrate bridges between nucleo-
tides and hydrogen bonds of “interlaced” polynucleotide
chains [2]. It is clear that further processes will mutate or
damage genes.

In the lipid layer of cell membranes, the HO- initiates
a chain reaction of lipid oxidation by a radical mecha-
nism, which leads to cell damage and cell death.

Biochemical processes involving ROS in the physio-
logical norm are controlled by both enzyme and non-en-
zyme components of cells. In case of disturbances in the
equilibrium processes involving ROS, natural antioxi-
dants, such as polyphenolic compounds as cinnamic acid
derivatives, as well as flavonoids (chalcones, flavanones,
flavones and flavonols), become important.

Due to the structural diversity, as well as the totality
of the manifested pharmacological effects, they occupy a
special place among natural antioxidants.

It is known that cinnamic acid is directly involved in the
biosynthesis of flavonoids [4]. Comparing the structures of
cinnamic acid and flavonoids, it is easy to verify that the com-
mon structural fragment in all the compounds is the cinnam-
oyl fragment, which is essentially a cinnamic acid residue

(Fig. 1).

Flavone

Figure. 1. Structural features of chalcone, flavanone and flavone

It should be noted that with slight changes in the
pH-environment, the chalcones become flavanones and
vice versa: flavanone prevails in the acidic environment,
and chalcone prevails in the alkaline one. This circum-
stance is important from the point of view of the biologi-
cal activity of chalcones and flavanones.

Tom 7, Beinyck 1, 2019

It is clear from the presented structures, that the main
conjugation chain is formed thanks to the cynnamoyl
fragment, and the transfer of electronic effects exerted by
substituents in ring B, occurs through this chain.

In continuation of our earlier studies [10—13], and also
taking into account the structural proximity of cinnamon
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acids, chalcones and flavanones (the presence of a cinnam-  (Np), theoretical valence (V ), unsaturation index (IUA),
oyl fragment), we found it advisable to a priori examine  and electron density. Table 1 presents the analyzed com-
the activity of the chalcones and flavanones in relation  pounds, which are designated respectively 1k—15k (deriv-
to the hydroxyl radical OH- using such quantum-chemi- atives of cinnamic acid), 1x—15x (derivatives of chalcone),
cal parameters as Mulliken charges (a.u.), bond numbers  1f—15f (derivatives of flavanone).

Table 1. Derivatives of cinnamic acid (k), chalcone (x) * and flavanone with substituents
in the aromatic core of the main conjugation chain

No. Position of substituents
K x* f 1 2 3 4
1k 1x 1f H H H H
2k 2x 2f OH H H H
3k 3x 3f CH,O H H H
4k 4x 4f H OH H H
S5k 5x 5f H CH.O H H
6k 6x 6f H H OH H
7k 7x 7t H H CH,O H
8k 8x 8f H OH OH H
9k 9x of H CH,O OH H
10k 10x 10f H OH CH,O H
11k 11x 11f H CH,0 CH,0 H
12k 12x 12f H OH OH OH
13k 13x 13f H CH,O OH CH,O
14k 14x 14f H C (CH)), OH C (CH),
15k 15x 15 H CH,0 CH,O CH,O

* Note: chalcone derivatives containing an OH group in the ortho-position to the carbonyl are considered, since in its absence
the chalcone-flavanone transition is impossible

Previously, using semi-empirical quantum-chemical acid, we considered it expedient to determine the most
methods, we studied the reactivity indices of cinnamic  probable centers of primary attack by the OH- radical of
acid derivatives with respect to the hydroxyl radical [10].  chalcone and flavanone.

This made it possible to identify the most reactive centers The quantum chemical characteristics listed above
in the cinnamoyl fragment: the interaction of cinnamic  were calculated using the PM7 semi-empirical method
acid with the OH-radical electrophilic in properties oc- (WinMopac 2016 program) for chalcones and flavanones
curs primarily at the C-8 position, since this atom is char-  containing hydroxy and methoxy groups in the aryl moi-
acterized by the lowest degree of “saturation” (the lowest ety of the main conjugation chain.

bond number), the highest electron density, and the great- Tables 2, 3, 4 present the distribution of Mulliken
est negative charge compared to its two nearest atoms.  charges (a.u.), bond numbers (Np), unsaturation index
Further interaction of cinnamic acid with the formation = (IUA) and electron density on the carbon atoms of the
of the corresponding adducts is possible according to the ~ cinnamoyl fragment of the two derivatives of cinnamic
C-7, C-6, C-1 and C-5 positions'. acid (6k and 7k), chalcone (6x and 7x) and flavanone (6f

Taking into account the trends revealed in cinnamic  and 7).

! Henceforward, numbering of atoms in the analyzed structures is given not in accordance with the IUPAK rules, but in accordance with the
calculation programs. For cinnamic acid, the carbon numbering generated by the programs is shown. To make it easier and more convenient to
compare the results obtained, authors have kept this numbering for chalcones and flavanones.
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It is characteristic for the C-7 and C-8 atoms to have
the same dynamics of changes in parameters as it had
been in cinnamic acid. In the analyzed structures, the car-
bon atom C-9 is characterized by a significantly lower
electron density and a higher positive Mulliken charge,
although the bond number is insignificant (third decimal
place), it is higher than those for C-8 and C-7. The high-
est negative Mulliken charge and the electron density,
as well as the smallest bond numbers compared to the
two nearest atoms, are concentrated on the C-8 atom of
all the three types of the structures under consideration.
Similar electronic effects are easy to explain, if we take
into consideration the fact that with respect to the prope-
none moiety, the electron-donating hydroxy and methoxy
groups at positions 1 and 3 (ortho and para positions with

respect to the propene unit) contribute to the enhance-
ment of the polar conjugation and, consequently, to an
increase in the Mulliken charge and electron density on
C-8 (compounds 2, 3, 6, 7) compared with the parent
structure of each group of the analyzed compounds.

If the hydroxy- and methoxy groups are in position 2
of the aryl fragment (compounds 4 and 5), then the elec-
tron density and Mulliken charge decrease, but the same
parameters increase on the C-1, C-3 and C-5 atoms, that
is, in two ortho- (P-1 and P-3) and para-positions (P-5)
(table 5). This dependence is repeated in all the three
types of the structures under consideration - 4k, 4x, 4f
and 5k, 5x and 5f. Such electronic effects are in good
agreement with the contribution of the Taft constants
[14].

Table 5. Values of Mulliken charges (a.u.), electron density and bond numbers (Nu) on carbon atoms
in o0- and p- positions with respect to the substituent for the derivatives of cinnamic acid, chalcone
and flavanone, numbered 2, 3 and 4

Unsubstitute dcinnamic acid

Unsubstitute dchalcone

Unsubstituted flavanone

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
1 -0.118 4.1180 3.812 -0.122 4.122 3.813 -0.141 4.141 3.827
2 -0.159 4.1590 3.852 -0.161 4.162 3.852 -0.145 4.145 3.849
3 -0.125 4.1249 3.836 -0.121 4.126 3.837 -0.135 4.135 3.845
4 -0.159 4.1595 3.854 -0.156 4.156 3.854 -0.151 4.151 3.852
5 -0.126 4.1260 3.816 -0.128 4.128 3.814 -0.132 4.133 3.829
6 -0.054 4.0540 3.858 -0.053 4.054 3.856 -0.081 4.081 3.840
7 -0.020 4.0200 3.869 -0.013 4.013 3.855 0.122 3.877 3.840
8 -0.298 4.9810 3.798 -0.319 4319 3.814 -0.440 4.440 3.819

2k 2x 2f

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
8 -0.288 4.288 3.798 -0.364 4.364 3.763 -0.446 4.442 3.812
2 -0.234 4.047 3.852 -0.268 4.268 3.787 -0.229 4.229 3.803
4 -0.149 4.062 3.854 -0.238 4.238 3.842 -0.197 4.197 3.844
1 -0.046 4.322 3.832 0.342 3.658 3.747 0.284 3.715 3.777

3k 3x 3f

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
8 -0.301 4.301 3.781 -0.368 4.368 3.785 -0.439 4.439 3.819
2 -0.238 4.050 3.838 -0.270 4.270 3.780 -0.309 4310 3.773
4 -0.161 4.060 3.783 -0.235 4.235 3.842 -0.227 4.228 3.834
1 -0.050 4314 3.833 0.309 3.690 3.740 0.269 3.730 3.777

4k 4x 4f

Cv a.u. el.d. Nu a.u. el.d. Nu a.u. el.d. Nu
8 -0.283 4.283 3.804 -0.299 4.299 3.819 -0.437 4.437 3.818
1 -0.290 4.290 3.740 -0.230 4.230 3.750 -0.240 4.240 3.747
3 -0.228 4.228 3.779 -0.296 4.296 3.769 -0.303 4.303 3.774
5 -0.205 4.205 3.800 -0.210 4.210 3.803 -0.223 4.223 3.813

Sk 5x 5f

Cv a.u. el.d. Np a.u. el.d. Nup a.u. el.d. Nu
8 -0.290 4.290 3.802 -0.303 4.303 3.819 -0.436 4.436 3.818
1 -0.278 4.278 3.737 -0.234 4.234 3.743 -0.252 4.252 3.757
3 -0.233 4.233 3.773 -0.285 4.285 3.766 -0.293 4.293 3.770
5 -0.204 4.204 3.798 -0.210 4.210 3.803 -0.215 4.210 3.814

Note: k — cinnamic acid, x — chalcone, f— flavanone
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Thus, the primary hydroxyl radical electrophilic at-
tack will take place primarily at position C-8, and then at
the C-7 position.

A similar conclusion is valid for the considered types
of the analyzed compounds, as shown before [11, 12].

Using a similar approach to interpret the possible
attack paths of the monosubstituted derivatives by the
OH-radical (compounds 2k, 2x, 2f — 7k, 7x, 7f) taking
into account the quantum chemical parameters, it can be
assumed that the most likely are the C-2 and C-4 posi-
tions for compounds 2 and 3, since they are character-
ized by the highest IUA values. If the substituent is in
position 2, then the attack is likely to occur in C-1, C-3
or C-5 positions of the phenyl fragment of all three types
of structures under consideration due to high IUA values.
For compounds of types 6 and 7, the attack of a hydroxyl

radical is equally probable in the C-2 and C-4 positions
for the same reasons as mentioned above (Tables 2, 3,
4,5).

In the case of disubstituted for the aryl fragment, the
dynamics of changes in the Mulliken charges, the unsat-
uration index and the electron density in compounds 8,
9 and 10 of all the three types of the structures under
consideration practically coincide and actually make the
same electronic contribution to the C-8 propene unit.

It should be emphasized that two hydroxy- or hy-
droxy- and methoxy-groups in positions 2 and 3 of the
aryl fragment have a competitive effect on the conjuga-
tion system: the effect of the para-substituent is partially
extinguished by the inconsistent influence of the same
substituent in position 2. This conclusion can be illustrat-
ed by Taft 6-constants for -OH and -OCH3 groups [14]:

c=0.127 _ c=0.115 c=0.127
OH O—CH, OH
=-0.370 >=-0.370 =-0.268
OH ° OH o} °
CH,
¥=-0.243 ¥=-0.255 y=-0.141

Compounds 8k, 8x, 8f

When interpreting antiradical (HO-)activity of poly-
hydroxy cinnamic acid derivatives, chalcones and flava-
nones, one should take into account their ability to bind
reactive oxygen species not only with the participation
of carbon atoms of the aryl radical, but also due to the
homolytic breaking of the H — O bond of the phenolic
hydroxy-group to form an intermediate adduct — the
phenoxyl radical.

Earlier, when analyzing the antiradical activity of
polyhydroxychalcons, we calculated the energies of ho-
molytic breaking of H-O bonds in monohydroxy-com-
pounds in which the hydroxy-group is located at C-3 or
C-4, as well as for disubstituted ones, as shown below.

In continuation of these studies using the ab ini-
tio method, we calculated the energies of the homolytic
breaking of the H O bond with the transition of the hydro-
gen atom to the hydroxyl radical in the cinnamoyl disub-
stituted along the aryl residue. The relationship between
the breaking energy of the H-O bond and the unsaturation
index (IUA) of the carbon atom which the substituent is

Tom 7, Beinyck 1, 2019

Compounds 9k, 9x, 9f

Compounds 10k, 10x, 10f

associated has been revealed. For this program, ORCA
4.1 was used. The optimization of the geometry of mol-
ecules was performed using the density functional theory
(UB3LYP) method using the set of basis functions 3-21G*.
Vibrational analysis, as well as the calculation of thermo-
dynamic functions (enthalpy, entropy, and Gibbs energy)
were performed on the basis of the density functional the-
ory (UB3LYP) using the set of basic functions 6-311G**
[15, 16]. It has been established that the lower the bond
breaking energy, the higher the IUA value is (Table 6).

In the presented data, a clear relationship can be
traced: the larger the unsaturation index (IUA) of the aryl
carbon atom with which the hydroxy group is associated,
the lower the energy of the H — O homolytic bond break is.
There is a similar relationship for bond numbers (Table 3).

In the list of the compounds subjected to quan-
tum-chemical study, we have considered three types of
compounds containing three substituents in positions 2,
3, 4 of the aryl fragment and designated by numbers 12,
13 and 14.
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Table 6. Gibbs free energy of homolytic breaking of the H-O bond
Breaking energy of
Structuralfragment the O — H bond IUA (C-1) IUA (C-2) IUA (C-3)
HO 0.135 (2k) - -
@ -150.30 0.152 (2x) - .
0.145 (2) - -
- - 0.132 (6k)
OOH -137,70 - . 0.133 (6x)
) ; 0.126 (6f)
OH - 0.175 (8K) 0.172 (8k)
-173.89 - 0.173 (8x) 0.172 (8x)
OH
- 0.162 (8) 0.183 (8f)
OH - 0.184 (10k) 0.189 (10k)
-130.01 - 0.174 (10x) 0.179 (10x)
O\
CH3 - 0.167 (10f) 0.196 (10f)
O—CH, - 0.174 (9K) 0.178 (9K)
-174.26 - 0.183 (9x) 0.189 (9x)
OH
- 0.178 (9f) 0.187 (9f)

For these compounds, the energies of the homo-
lytic O — H bond have been calculated resulting in
corresponding phenoxyl radical in position C-3 and

OH + OH

the addition of a hydrogen atom to a hydroxyl radical.
In our opinion, it can be represented by the following
scheme:

o

This reaction was simulated by the molecular dy-
namics method in a 3-21G* force field using the density
functional theory (UB3LYP) method for 50 picoseconds.
In the process of simulation, a hydroxyl radical attacks a
phenolic hydroxyl group, bonding a hydrogen atom with
its oxygen. In the course of the oscillation of the phenolic

62

hydroxyl group, covalent bonding of the hydrogen atom
of the phenol hydroxide to the oxygen atom of the hy-
droxyl radical occurs. After that, a free water molecule
and a phenol radical are formed. Figure 2 shows a graph
of the dependence of potential energy of the simulated
system on time.
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Figure 2. Dynamics of potential energy changes in the process of simulating homolytic cleavage
of the OH bond of the phenolic hydroxyl

According to the results of the molecular dynamics It should be notified that this phenolic hydroxyl
simulation, the activation energy of a simulated reaction of i surrounded by two ortho substituents, which have a
th:? homfoly}t:cdcleavagi ofpthenoﬁlc dhydr(l)xyllyvltlh}:he gan— shielding effect. The phenoxyl radical formed by the C-3
S Oom O OB O 0 Oy e oy 2T hydroxyl in structures 12, 13, and 14 belongs to the spa-

determined. The activation energy was 34.918 kJ/mol, ; ] ;
which indicates that the reaction proceeds fairly quickly ~ tially obstructed types of radicals and is therefore more

at a human body temperature (310 K). stable.

Table 7. Gibbs free energy of homolytic breaking of the H — O bond

Substance Structuralfragment Energy of O-Hsplittingbreaking
12x OH -171.21
12k Q—D H -170.72
12f OH -166.79
13x OCH3 -164.66
13k 4@7(]” -117.04
13f QCH3 -159.40
14x >L -178.31
14k _,-"_ :-‘}—{:H -181.29

&
14f _>T -163.08
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The same dependence as in the case of disubstituted
ones, is observed here, i.e. the lower the energy of the
homolytic breaking of the H — O bond in sterically hin-
dered phenols, the higher the [UA values and the positive
charge of the carbon atom, phenolic hydroxyl is bound
with (in this case C-3). It should be notified that com-
pound 14k (4-hydroxy-3,5-di-tertbutyl-cinnamic acid)
was previously synthesized by us in accordance with the
forecast [11], since its high activity had been predicted.
An experimental study of the pharmacological properties
confirmed our prediction: the substance is characterized
by cerebroprotective [17], antioxidant [18], endothelio-
protective [19] and actoprotective [20] types of activity.

It is possible to predict with high probability the
same level of activity for compounds 14x and 14f, since

OH

their quantum-chemical characteristics are almost identi-
cal with compound 14k.

With regard to the analysis of structures of all three
types, we found it expedient to take into account the mo-
lar mass in the characterization of bonded numbers (Np),
unsaturation index (IUA), and electron density. For this
purpose, the total value of the listed characteristics was
determined for each compound, which was then referred
to the molar mass. The partial dividing of the total value-
sof Ny, IUA and electron density by the molar mass, in
our opinion, characterizes the specific value of the list-
ed parameters in terms of the mass unit of the molecule.
In our opinion, a similar indicator in the future may be
useful for the interpretation of biologically active related
compounds. The results are presented below:

OH OH
‘;O;V* .
N e I
HO OH
OH OH O
O 0]

C,H,0, M=196

CsH,,0, M=272

C,sH,,0, M=272

> z 2
v, _33. 99_01734 N _3404_01251 Ny :£:0.1259
196 M 272 272
L6 0072 Zws 1416 0051 Zuw 142 505
196 M 272 272
Zaa 35685 1eng  Zaa 358741319 Zaw 33205409,
M 196 M 272 M 272
.CH
0) 3
O—CH

O—CH,
OH
O—CH, O—CH,
O—

C“HIZO5 M=224 C15H16O5 M=276 C,sH,,05 M=276
z )3 >
Ve 3394 4 1515 Yo 3% 01231 v 3395 1230
M 224 M 276 M 276
2w 1494 606¢ Zu 18 0054 Zua 151 5934
M 224 M 276 M 276
M 224 M 276 M 276
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OH
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o C
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C,,H,,0, M=276 C,3H,40, M=352 C,y3Hy, 05 M=352
b 2 2
v 31201036 Y 342400972 v 234136 0970
M 276 M 332 M 352
2 1324 0047 Zua 131 0037 2w 1366 0356
M 276 M 352 352
Yg 359741203 Zaw 3620400 Xy, 36116
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The attention of the scientistshas been attracted to
very close values of specific indicators of bond numbers,
indices of unsaturation and electron density for chalcone
and flavanone. This fact once again confirms not only the
ease of their interconversion, but, apparently, the same
level of pharmacological properties.

CONCLUSION
Cinnamic acid differs from chalcone and flava-
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